547 % 5 13 4 i Tl B Vol. 47 No. 13
2026 4 7 H Science and Technology of Food Industry Jul. 2026

AL, FEZEHERLAT I BO A B IEZL ™ WXt N2 B4 M A SH-SYSY S il 310 8 11 3k K AR bt i 9% [J]. B L
AR, 2026, 47(13): 419-427. doi: 10.13386/1.issn1002-0306.2025070150

HU Dan. Expression of Synaptic Vesicle Proteins and the Improvement of Inflammatory Injury in Human Neuroblastoma Cells SH-
SYS5Y by Lactobacillus rhamnosus B6 Metabolic Products of Fermented Skim Milk[J]. Science and Technology of Food Industry,
2026, 47(13): 419-427. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2025070150

- ERSRE-

BB AHE B6 KEEIERL =YX A
MR 4N SH-SYSY RAhEE
B AFR LRI GBERNPIR

(SLak AR R E 5 R, Bl M) TAR ARG b, 9L R PR
8] SLAL AR, B 201103)

S

W B ARAHRIRERTAEEIATE B6 69 K BB ILARM =4 (LB6S) 3+ SH-SYSY % fik &8 & & 49 % o B3 g
%45 (LPS) 5389 SH-SYSY A% X M tm o A2 A a9 (R 47 4F A BALH] . A LB6S AE AFT 3 %, K A CCK-8 k42

% 7y 6 % SH-SYSY i€ iR &, i@ it RT-qPCR & Western blotting (WB) F k4 % L af R ik &% @ (Syp)

kLt YR, = LPS 5 F49 SH-SYSY #v 4 X HAEAl | i it RT-gPCR & WB 77 ik 50 LB6S *T1% X tw it B -F |

BT H T RERATEE, XL, /zz S 7 500 pg/mL VAP) &9 LB6S *F SH-SYSY L fmiad i (P>0.05) ,
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Abstract: This study investigated the effects of Lacticaseibacillus rhamnosus B6 metabolic products of fermented skim
milk (LB6S) on synaptic vesicle proteins (Syp) in human neuroblastoma SH-SYS5Y cells and their protective mechanism
against lipopolysaccharide (LPS)-induced neuroinflammatory injury. The viability of SH-SY5Y cells was assessed via the
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CCK-8 assay to determine the optimal concentration of LB6S. The reverse transcription-quantitative polymerase chain reac-

tion (RT-qPCR) and western blotting (WB) were employed to analyze Syp expression. An LPS-induced neuroinflammatory

model was established to evaluate LB6S-mediated regulation of pro-inflammatory cytokines, apoptotic factors and signal-

ing pathways through RT-qPCR and WB. The results indicated that LB6S exhibited no cytotoxicity at concentrations up to

500 pg/mL (P>0.05). At 500 pg/mL, LB6S significantly upregulated transcriptional expression of the synapse-related gene-
Sirtl, Syp, Vamp2, and Vglutl (P<0.05) and increased Syp levels (P<0.05). In LPS-damaged cells, 500 pg/mL LB6S down-
regulated the pro-inflammatory cytokines tumor necrosis factor (TNF)-a, interleukin (IL)-1/, and IL-6 (P<0.05). Mechanis-

tically, LB6S inhibited neuroinflammation by modulating mitogen-activated protein kinase (MAPK) and nuclear factor kB

(NF-xB) pathways, reducing pro-apoptotic Bax and increasing anti-apoptotic Bcl2 expression (P<0.05). In conclusion,

LB6S regulates synaptic proteins, promotes Syp expression, and ameliorates neuroinflammatory injury by modulating apop-

totic and inflammatory mediators through MAPK/NF-«B signaling.
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ONE] IR HFVE 22 fERSRAER]; MRS B3R 5L
B YR A R A ] SH-SYSY 4l #iX
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1.2.8 LB6S X} LPS ¥ SH-SYSY 15 51l % 8 1
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F 1 R IEF 5L 1 PCR 519751

Table 1 Synaptic-related genes primers for fluorescent quantitative PCR
FEH IEm51#9)(5°—3") Ia519)(5°—3) 513
GAPDH CACTCACGGCAAATTCAACGGCAC GACTCCACGACATACTCAGCAC [14]
Sirtl CAGTTCCAGCCATCTCTGTG GCAACCTGCTCCAAGGTATC [15]
Syp CACTGATGACTTCCCAGAACTGT CTGGGCTTCACTGACCAGAC [16]
Vamp2 CTCCAAACCTCACCAGTAACAGG AGCTCCGACAGCTTCTGGTCTC [17]
VGIuT1 GAGGAGTGGCAGTACGTGTTCC TCTCCAGAAGCAAAGACCCC [18]
2 AL THOEENTOLE & PCR 519551
Table 2 Cytokine genes primers for fluorescent quantitative PCR
HH EmFIH(5—3") B9y (5°—3") 513
GAPDH CACTCACGGCAAATTCAACGGCAC GACTCCACGACATACTCAGCAC [14]
TNF-a CCACCACGCTCTTCTGTCTACTG GGGCTACGGGCTTGTCACT
IL-6 CATCCTCGACGGCATCTCAGC TTGGGTCAGGGGTGGTTATTG (6]
IL-18 AAACAGATGAAGTGCTCCTTCCAGG TGGAGAACACCACTTGTTGCTCCA
IL-10 ATGCCCCAAGCTGAGAACCAAGACCCA GTTTCGTATCTTCATTGTCAT
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X3 A5 TP R O E & PCR 51975
Table 3  Signaling-pathway primers for fluorescent quantitative PCR

e EmBIYI(5—3") 5145 —3) 513C
GAPDH CACTCACGGCAAATTCAACGGCAC GACTCCACGACATACTCAGCAC [14]
Casp3 GTGGAGGCCGACTTCTTGTA TTTCAGCATGGCAAAGCG
Bax CCCCCGAGAGGTCTTTTTCC CCTTGAGCACCAGTTTGCTG [19]
Bel2 TCTCATGCCAAGGGGGAAAC TCCCGGTTATCGTACCCTGT
NF-B p65 TTCAACATGGCAGACGACGA CCATCTGTTGACAGTGGTATAT [20]
Mapkl GCCGAAGCACCATTCAAGTT CCTCTGAGCCCTTGTCCTGA
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Fig.1 Effect of LB6S on cell viability of SH-SYSY cells
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LB6S A LIfEE SH-SYSY St FEAH KL N Sirel |
Syp. Vamp2 X Veglutl 555323k,
23 LB6SiES SH-SYSYRMEBBEEHL (Syp)
FTIK

i 3 Fran, 200~500 pg/mL LB6S ¥4 ] L 2
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LB6S 1] i 2 $& T 58 il 1JF 2 4H SC 48 b (Sirel . Syp.
Vamp2 X Vglut1) IFEER S SYP & FAFRIAKF, 28
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FTIK

ND {955 BE R 55 18 PR 28 S8 i 55 58 A e o)
RPEA MR F (U1 TNF-a. IL-14. 1L-6) X H f1 214k
A¥1(40 ROS . NO ., PGE2) Al il i i e i s I 2R
J%, 5 AP GO T, NS HERERT 8 pRl, )
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Fig.2 Effect of LB6S on the expression of synapse process-related genes in SH-SYS5Y cells
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Fig.3 Effect of LB6S on the expression of synaptic vesicle membrane proteins in SH-SY5Y cells

M ARAERN ND IGY 7 IS ESRNS . HARITTF , 25E
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SH-SYS5Y [ LPS#i 445 1 5 4 A1 42 448 Bt Xl -7~ TNF-
a( FF& 65.6%, P<0.001, 223 H g 3%) | IL-6(F %

28.7%, P<0.01, 2= 55E¥ B3 F IL-18CTF& 29.3%,
P<0.001, 22 5 LW 35 5% 533k, IL-10 4 TC W
FH2H(P>0.05),
2.5 LB6S FEIK LPS Xf SH-SYSY =4 By & AR E
FHIFRIX

wE s prox, 5 LPS 4i4H b, 500 pg/mL LB6S
YT LAREAR SH-SYSY N LPS 4551 s a4 48 41 g
AT TNF-a( F [ 41.8%, P<0.01, 25 34E % B.35) |
IL-6( R % 56.4%, P<0.01, 223 3E 4 235 ) Fl IL-18
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Fig.4 Effects of LB6S and LPS on cytokine gene expression in SH-SYSY cells
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Fig.5 Effects of LB6S and LPS on cytokine expression in SH-SYS5Y cells
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