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Abstract: The purpose of this study is not only to investigate the effects of Angelica sinensis polysaccharide
(ASP) as a potential vaccine adjuvant on immune activation and cytokine release in RAW264.7 macrophages, but
also to elucidate its underlying involved signaling mechanisms. Cell viability was evaluated by the CCK-8 assay.
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Flow cytometry was used to analyze the influence of ASP at five distinct concentration gradients on the expression
of cluster of differentiation (CD) 80, CD86, and major histocompatibility complex II (MHC II) on RAW264.7 cell
surfaces. The levels of interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in cell culture supernatant were
determined by enzyme-linked immunosorbent assay (ELISA) method. Molecular techniques, including quantitative
polymerase chain reaction (QPCR) were utilized to assess the mRNA expression levels of Toll-like receptor 4
(TLR4)-myeloid differentiation factor 88 (MyD88)-TNF receptor associated factor 6 (TRAF6)-nuclear factor kappa-
B (NF-«B) signaling pathway. The levels of TRAF6, and the phosphorylation levels of IxB kinase (IKK) and p65
proteins were detected by Western blot. The results show that ASP at varying concentrations promote the
proliferation of RAW264.7 cells without cytotoxicity. Surface molecules CD80, CD86, and MHC II on RAW264.7
cells showed statistically significant up-regulation in response to ASP compared to the blank control (P < 0.05),
with a dose-dependent effect within an optimal range. Furthermore, ASP also elevated cytokines IL-6 and TNF-a
secretion levels by RAW264.7 cells compared to the normal control (P < 0.05), exhibiting a dose-response
relationship within a specific concentration span. The qPCR results indicated that ASP groups at different
concentrations all led to upregulation of mRNA expression levels of TLR4, MyD88, TRAF6, and NF-xB signaling
pathway. The expression levels of TRAF6, p-IKK and p-p65 were increased by different concentrations of ASP.
The TLR4 inhibitor TAK-242 significantly reduced the secretion of cytokines induced by APS (P < 0.05). This
study highlights the immunostimulatory properties of ASP, emphasizing its potential as a vaccine adjuvant. By
significantly enhancing the expression of co-stimulatory molecules and cytokines via the TLR4-MyD88-TRAF6-
NF-«B signaling pathway, ASP offers a promising approach for modulating immune responses.
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Table 1
MyDS88: Myeloid differentiation factor 88; TRAF6: TNF receptor

PCR primer sequences. TLR4: Toll-like receptor 4;

associated factor 6; NF-xB: Nuclear factor kappa-B

Primer name Sequence (5' to 3') Length/bp
TLR4-F CACTGTTCTTCTCCTGCCTGAC 149
TLR4-R CCTGGGGAAAAACTCTGGATAG 149
MYD88-F GATGACCCCCTAGGACAAACG 70
MYD88-R ACTCGATATCGTTGGGGCAG 70
TRAF6-F CAGTGCAAACACCATGTGGC 73
TRAF6-R TTGTGCCCTGCATCCCTTAT 73
NF-kB-F CTCTGGCACAGAAGTTGGGT 102
NF-kB-R TCCCGGAGTTCATCTCATAGT 102
f-actin-F CCAGCCTTCCTTCTTGGGTAT 103
f-actin-R GTTGGCATAGAGGTCTTTACGG 103

ERRBENEEIE 1% RAW264.7 41 i 4 2] 6 £L

WA, 24 hJ5 2 B 45 F 25,50, 100 200400 pg-mL’
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7E 25~400 pg-mL" P, ASP X RAW264.7 4H fitd It 4H fifd
B, BAFE R T 90%.

B
1605 24 h 160 48 h
140} 140
B &2
~ 120F 2120
£100 2100
5 8o S 80
S 60 S 60
= 40H = 40
O 20H O 20

Figure 1 Effect of ASP on macrophage RAW264.7 proliferation.

n=3,x=£s. ASP: Angelica sinensis polysaccharide
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Figure 2 Effect of ASP on expression of CD80 in proportions (A) and proportions histogram profiles (B), CD86 in proportions (C) and
histogram profiles (D), MHC II in proportions (E) and histogram profiles (F) and CD80'CD86" double-positive cells in proportions (G) and
histogram profiles (H) on RAW264.7 cell. n=3,x+s. 'P<0.05, "P<0.01, P <0.001, ""P < 0.000 1 vs Con group; P < 0.001, P <
0.000 1 vs LPS group. CD80: Cluster of differentiation 80; CD86: Cluster of differentiation 86; MHC II: Major histocompatibility complex II
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Figure 3  Effect of ASP on expression of CD206 in histogram
profiles on RAW264.7 cell. n =3, x £ 5. ns: Not statistically signifi-
cant; CD206: Cluster of differentiation 206
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Figure 4 Effect of ASP on expression of CD80 (A), CD86 (B), MHC II (C) on DC2.4 cell. n=3,x 5. P<0.05 "P<0.01, "P<0.001,

P <0.000 1 vs Con group
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Figure 5 Effect of ASP on the secretion of cytokine IL-6 (A), TNF-a (B) and IL-15 (C) in RAW264.7 cells. n =3, x £ 5. "P<0.05, "P <

wkk

0.01, P <0.001,
IL-1p: Interleukin-14

P <0.000 1 vs Con group; “P < 0.05, P < 0.000 1 vs LPS group. IL-6: Interleukin-6; TNF-a: Tumor necrosis factor-;



TR A5 2 V51 22 WA D A U )0k 48 M ) S e Bt B LRI T 7 © 643 -

A E B %
MyDS8
g TLRY 8 f
z >
S 80 s
= 70 =
= 60 . 2
g i:g - %
£ 30 . : g
< 20 <
g o P g
E G &> h ~ 4 N > S E
= P s >
z2 C Q& &y v ]
= ISR g
E ST A S ® )
SC AL =
SRR
E ASP/ pg-mL-! F
Con 25 50 100 200 400 LPS
TRAFS e s s e Bl
O
TKK - o s o - - — E
=
p-IKK —-——-~~-
PGS - ——————
p-p65 S — . —

B-actin we————————

C

TRAF6

ok

Relative mRNA expression in RAW264.7

S~ NN NN ©
y & 3 & & &Y
) of‘é&)cf@ SR R
CMPNENENIENY oY ST ST S
3V 87V oF SRR AL
eSS v
G H
15 ok 1.0 W
Hokok ok
0.8 ********
N dokkok ok v
1.0 o Fdkok okl
= £ 0.6
™) 3 b
I~ 2 0.4
6_0.5 (=
0.2

0.0

OQ,\\,\\\Q% N O ON N N
PSS G G S, O - RN
SIS SIS
PSS EINI
SR OO Sl SO

Figure 6 Effects of ASP on mRNA expressions of 7LR4 (A), MyD88 (B), TRAF6 (C) and NF-xB (D) in RAW264.7 cells and the key
proteins of TRAF6, p-IKK, p-p65 were measured by Western blot (E). F: The protein quantification of TRAF6; G, H: The relative protein
quantification of p-IKK (G) and p-p65 (H). f-Actin expression was used as control. n =3, X 5. P <0.05, "P<0.01, "P < 0.001, ""P<

0.000 1 vs Con group; “P < 0.01, P <0.001 vs LPS group
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Figure 7 Effect of TLR4 inhibitors TAK-242 on the secretion of
IL-6 (A) and TNF-a (B) induced by ASP in RAW264.7 cells. n =
3, x+s. P <0.000 1 vs ASP + TAK-242 group; P < 0.001,
" p < 0.000 1 vs LPS+ TAK-242 group
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