HEERICAAR H55E 8l 202648 A

+ 734 - Journal of China Medical University Vol.55 No.8 Aug. 2026
N S aE-
e

A EEAQBETHMGB/TLRAE S BHR AR A EWN
N#ENENERTRRG

)fi%%’ gg%%‘:"%&ﬁﬁ% ) ‘E‘:?‘Z,E9—%"Z:§
et BUKEBEBE ST M EEBE R, 5T 550005)

WE BM ERAINLEES (HLF) sTAX Y 25 @6 (HCC) # %A A HLFE K R X £ FatERpub  F7i%  RIACCK-8
A R FLREHLE (1~30 pe/ml) Fo & g0 i ~2 -1 (1L-18) (5~40 ng/mL) *THCCHY M vA 8 52 JG 4 55 B ik . 4m Loy % F&
20 (RAEE) AL 20 (IL-1B438) Ao 3028 CREVREHLFA22) , Western blotting#é M HLFF 8 FHCC& & &k oL, 5 A W R
W) 52 %47 ) (4-PBA) 5 &3 4 £ 5% G B1 (HMGB1) #7345 (EP) B HLFE 3 Aub) KR 55 aF 2 2 PCRAG M 48 % K B & ik 5
EdU % & 0L &40 4m o3 7 H 55 A DCFH-DA %8 RARA#em) &2 4m e 1 & M AL (ROS) KT Lewis K Ao A s B4 (X iE
HE AR 3K AR (e & 0 EHIL-1B5FPBSHE B ) Fo L0240 (e X A A IL-1BFHLFE § ) i W3R &4 -0-B 4R 5%
RE-FUFERFERIAETAREETN; LHEABNFLNBARXRA AT AR TP EGRAE N LR HLFME#HHCCHE A
HE S SR HE AGRE (5,10 ng/mL) IL-1B R #ra @ je & 71, & K JE (20,30 .40 ng/mL) TL- 1B R 3474 2m fe 38 75 . £ € 5,10, 20
pg/mL HLE#210 ng/mL IL-188 FJ& 48 52 36 an fe SR 3 25 R 2o, 5T B4 AR b6, A2 A 20 2w i HMGB1 | Toll# 5 4k4 (TLR4) . %7 %1
AR A B &G (PAGE) A4 5% & #3 (MMP3) M 3Rt B Fo (TNF-o) ZC/EBPE % & (CHOP) #7% & fsmRNA & & 3
2F LA, B a2 pedg sidrd ROSAK-FF 2 (3P <0.05) 2R EREHLFA 2 G, B & & fo ik B 69 Rk 2R AR MBUE TR,
3G FA A A1 12 #5 A, ROSAK - B B 1% (3P < 0.05) .3kl , lm A4-PBAREPH T 2 % T4 5 & £k (HP < 0.05) .3
My E et R B HLFE £ 7 £ KR 2T A8 m IR S H BIKHMGB1  TLR4 MMP3#/=CHOP%& & & it 4518 HLF R Eieit
HCCHE 78 Al 4B X LB 5 & & Ak 3R IAMAE S HUF3 K AR L BA R EER , LA AHH T4 5 # 5 HMGBI/TLR4
155108 RER W R R RSB K IR R A K

KHEE ASLBKEEG; HMGBUTLRAMZ 5385 ; WM i AL 8RE @A, B X5 £

FESES R364 XHRARERD A XERS  0258-4646 (2026) 08-0734-08

M £& AR hiips:/link.cnki.net/urlid/21.1227.R.20260716.1730.018

DOI: 10.12007/j.issn.0258-4646.2026.08.010

Human lactoferrin alleviates endoplasmic reticulum stress-mediated osteoarthritis injury via
HMGB1/TLR4 signaling pathway

CUI Jing, CAO Qihui, LI Lili, JT Jie, QIN Yu
(Depaﬂment of Orthopedics, Guizhou Hospital , Beijing Jishuitan Hospital , Guiyang 550005, China)

Abstract Objective To investigate the impact of human lactoferrin (HLF) on human articular chondrocytes (HCC) and elucidate the
underlying mechanisms by which HLF exerts its effects on rat models for arthritis. Methods The CCK-8 assay was performed to assess
the cytotoxicity of various concentrations of HLF ,ranging from 1 to 30 pg/mL,and interleukin (IL) -18,from 5 to 40 ng/mL,on chondro-
cytes, thereby establishing appropriate concentrations for subsequent experimental procedures. The cells were divided into the control
group (without HLF and IL-18), model group (with IL-1B alone), and experimental group (with IL-1B and different concentrations of HLIF).
Western blotting was used to examine protein expression in HCC after HLF treatment. The regulatory mechanism of HLF was validated
using the endoplasmic reticulum stress inhibitor 4-PBA and high mobility group box 1 (HMGB1) inhibitor EP. Real-time quantitative
PCR was performed to quantify the expression levels of related genes. Cell proliferation was visualized using EdU staining. Intracellular
reactive oxygen species (ROS) levels were measured using the DCFH-DA fluorescent probe. The rats were divided into the control group
(knee joint injection with normal saline), model group (injection of IL-1B and PBS gavage), and experimental group (injection of IL-1 and
gavage of HLF). To evaluate articular tissue alterations in rat models for arthritis, histological staining methods,such as toluidine blue,

saffron-O-fast green,and hematoxylin-eosin staining, were used. Immunohistochemistry was used to assess protein expression in the rat
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joint tissues. Results HLF promoted chondrocyte proliferation in a concentration-dependent manner. Specifically,low concentrations
of IL-1B (5 and 10 ng/mL) had no significant impact on cell viability ,whereas higher concentrations (20,30,and 40 ng/mL) inhibited
cell proliferation. Based on these findings, concentrations of 5,10, and 20 pg/mL HLF, along with 10 ng/mL IL-1B, were selected for fur-
ther investigation. According to the cell experiment results, compared with the control group,the protein and mRNA expression levels of
HMGBI1, Toll-like receptor 4 (TLR4), prostate-associated gene protein (PAGE), matrix metalloproteinase 3 (MMP3), tumor necrosis factor
(TNF) -, and C/EBP homologous protein (CHOP) were significantly upregulated in the model group (all P < 0.05). Cell proliferation was
inhibited,and ROS levels increased. After treatment with different concentrations of HLF, the expression of the above-mentioned proteins
and mRNA was downregulated in a concentration-dependent manner, cell proliferation gradually recovered,and ROS levels significantly
decreased (all P < 0.05). In addition, treatment with 4-PBA or EP significantly downregulated the expression of related proteins (all P <
0.05). The animal experiments showed that HLF improved the histopathological status of the knee joint and reduced the protein expres-
sion of HMGB1,TLR4,MMP3,and CHOP in the rats with osteoarthritis. Conclusion HLF significantly promoted the proliferation of
HCC, inhibited the expression of related genes and proteins, and enhanced the antioxidant capacity. HLF ameliorated arthritis in the rats.

Its mechanism may be related to inhibition of the HMGB1/TLR4 signaling pathway and alleviation of endoplasmic reticulum stress and

inflammatory responses.

Keywords human lactoferriny HMGB1/TLR4 signaling pathway; endoplasmic reticulum stress; human articular chondrocyte ; osteoar-

thritis
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A b2 KOG R 2R G N AR 1457 o Il 0] 36
WESZ I o, S 7 I A4-PBASKEPTH AL ¥4 h, F5- 50 A
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Tab.1 Primer sequence

Gene

Primer sequence (5°-3")

Length (hp )

3 Forward: TCAAAGGAGAACATCCTGGCCTGT 24
HMGBI Reverse: CTGCTTGTCATCTGCAGCAGTGTT 24
Forward: AGCATTTACCTCTGATAACAAGAAC 25

fHi Reverse: AGTTGGTAGCCAAGATAAATGAC 23
Forward: ACTCCCAGAAAAGCAAGCAA 20

[T Reverse: TGGAAGACTCCCTCCCAGGTA 21
. Forward: GGAGCTGGAAGCCTGGTATG 20
cror Reverse: GCAGGGTCAAGAGTGGTGAA 20
) Forward: CTCCATCCTGGCCTCGCTGT 20
fractin Reverse: GCTGTCACCTTCACCGTTCC 20

Y0 B, 1] AL AEdUS W, 46 22 9F B2 ho 37 b5
FEHL, H4%22 5 F R &) 22 40 ff230 min, PBSPE T, LA
0.3% Triton X-100i# & 4L BE10 min, PBSPEIR )G, &
FLINAClick 2 N, 2 i EE'EIE 5 30 min. PBSYEV,
Hoechst 33342744%10 min o 35 40 il 2 PRLT (458
DG WA TSI

1.3.5 DCFH-DA%DSCHRET R I 41 i IROSIK F- « #%
FE13. 1 B AL BRAN A, AT LT 55 78 4%1 = 1 000
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TREETTAR IR R K P4 488 nm K <525
nmAb (8 B R Fn 4N ROSTKF

1.3.6 ST R KRR 57 R 4320« s 1 S 3 1
FE 224 (40 mg/kg) BRI R Lo 4 51 2H K BRLIL-1B (0.5
pe/l, 50 L) MRS — 2845 14 A OG0 s Dy, ikt
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E1 FREREHLFFIL-1BXTHCCHIE R
Fig.1 Effect of different concentrations of HLF and IL-1 on HCC cells
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SRR, 5 AL R, B ZHHCCAH M N
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A, effects of different concentrations of HLF on HMGB1,TLR4,PAGE,MMP3,TNF-a,and CHOP protein expression; B-G, quantitative analysis of pro-

tein expressions; H, EP and 4-PBA were added to verify the mechanism of HLF effect on protein expressions. [-N, quantitative analysis of protein expres-

sions. *P < 0.000 1,**P < 0.001, *** P < 0.05 vs. model group.
E2 HLFXHCCHHMGB1/TLRAME S @Rk, KAEFIERSIHXE BHIN
Fig.2 Effects of HLF on HMGB1/TLR4 signaling pathway, inflammation, and ERS-related proteins in HCC
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*P < 0.05,%%P < 0.01,***P < 0.001, ****P < 0.000 1 vs. model group.
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Fig.3 Effects of HLF on HMGB1/TLR4 signaling pathway, inflammation, and ERS-related genes in HCC
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Control Model IL-1B+HLF (5 pg/mL) IL-1B+HLF (10 pg/mL)  IL-1B+HLF (20 pg/mL)

EdU
h - - - -
N - - - -
B4 EdULERMHLFXHCCIETERISMT x 200
Fig.4 Effect of HLF on HCC proliferation by EdU staining x 200
] 1L-1B+HLF IL-1B+HLF IL-1B+HLF
Control Model (5 pg/mL) (10 pg/mL) (20 pg/mL)

ROS level

A,ROS level in cells of different groups (x200) ; B, quantitative analysis of ROS level. ****P < (0.000 1 vs. model group.
E5 HLFXfHCCH AP ROSKFBIF M
Fig.5 Effect of HLF on the ROS levels in HCC
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Fig.6 Effect of HLF on inflammation in knee joint of rats x 200
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A ,immunohistochemistry results of HMGB1,TLR4,MMP3 and CHOP in rat joint tissues ( x 200); B ,quantification results of proteins. **P < 0.01,***P <

0.001,*##*%P < (0.000 1 vs. model group.
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Fig.7 Expression of HMGB1, TLR4, MMP3, and CHOP proteins in knee joint tissues of each group
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