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The Effect of Protocatechuic Acid on LPS Induced Inflammatory Injury in Peri-
odontal Ligament Stem Cells by Regulating the MEK/ERK Signaling Pathway

LI Suxia, YU Yifeng, YUAN Fang*
(Department of Stomatology, Cangshan Campus, Joint Logistics Support Force Ninth 00 Hospital, Fuzhou 350002, China)

Abstract  This study was to explore the effect of PCA (protocatechuic acid) on LPS induced inflammatory inju-
ry in PDLSCs (periodontal ligament stem cells) by regulating the MEK (mitogen-activated protein kinase kinase)/ERK
(extracellular signal-regulated kinase) signaling pathway. In this study, PDLSCs were divided into the control group,
LPS (1.0 pg/mL) group, LPS+5 pumol/L PCA group, LPS+10 pmol/L PCA group, and LPS+10 pumol/L PCA+U0126
(20 umol/L MEK inhibitor U0126) group. After 24 h, cell proliferation was detected by the CCK-8 method; levels
of inflammatory factors (IL-1p, IL-6, and TNF-a) were measured using ELISA kits; apoptosis was detected by flow
cytometry. PDLSCs from each group were incubated in osteogenic induction medium, subsequently, alizarin red

staining was used to detect mineralized nodules; the content was measured by ALP Kkit; the expression levels of os-

ek H 4: 2025-07-22 He52 H : 2025-09-30
HEISIEE . Tel: 13675023607, E-mail: yfangd76@163.com
Received: July 22, 2025 Accepted: September 30, 2025

*Corresponding author. Tel: +86-13675023607, E-mail: yfang476@163.com


https://cstr.cn/32200.14.cjcb.2025.12.0017

R 5 LR IR U MEK/ERKAS 5 18 B8 X LPS 155 5 1) 2 J&) JIE -4 Ff 8 P 45349 A 52w 3193

teogenic factors and inflammatory factors were detected by qRT-PCR; and the expression levels of proteins related
to the MEK/ERK pathway were detected by Western blot. The experimental results showed that, compared with the
control group, the LPS group showed a decrease in Daso, ALP, staining intensity/D562, RUNX2 (runt related transcrip-
tion factor 2) mRNA and protein, OCN (osteocalcin) mRNA and protein, MEK, and p-ERK/ERK expression, and an
increase in apoptosis rate, IL-1B, IL-6, and TNF-a levels and mRNA expression (P<0.05). Compared with the LPS
group, the LPS+5 pmol/L. PCA group and LPS+10 pmol/L PCA group showed an increase in Daso, ALP, staining in-
tensity/D562, RUNX2 mRNA and protein, OCN mRNA and protein, MEK, and p-ERK/ERK expression, and a de-
crease in apoptosis rate, IL-1p, IL-6, and TNF-a levels and mRNA expression, with prominent differences between the
groups (P<0.05). Compared with the LPS+10 umol/L PCA group, the LPS+10 pmol/L PCA+inhibitor group showed
a decrease in Dyso, ALP, staining intensity/D562, RUNX2 mRNA and protein, OCN mRNA and protein, MEK, and p-
ERK/ERK expression, and an increase in apoptosis rate, IL-1p, IL-6, and TNF-a levels and mRNA expression (P<0.05).

PCA activates the MEK/ERK signaling pathway to alleviate LPS induced inflammatory injury in PDLSCs.
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WMRAEEHAA TR A A, RS S5 RRO47TA)
i) H TaKaRa/A @ ; SYBR Green Pro Taq HSTHijRE 7!
qPCRIRFE (LS ES008) I |~ M AR B AWk
BT PUAIIER (LS : A101214). HBZEKKL GILS
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Table 1 Sequences of qRT-PCR primers
512 FR(NCBUZ IR 7 516 53 5) T3 1F1] JFH(5'—3") A4 /bp
Primer name (NCBI nucleic acid sequence accession Direction Sequence (5'—3") Base number /bp
number)
TNF-a (NM_000594.4) F CCC AGG GAC CTC TCT CTA ATC 125
R ATG GGC TAC AGG CTT GTC ACT
IL-6 (NM_000600.4) F AGG AGA CTT GCC TGG TGA AA 185
R GCATTT GTG GTT GGG TCA GG
IL-1p (NM_000576.4) F GGA CAG GAT ATG GAG CAA CAAGTG G 143
R TCATCT TTC AAC ACG CAG GAC AGG
RUNX2 (NM_004348.4) F CCA CCGAGA CCAACAGAGTC 164
R TCA CTG TGC TGA AGA GGC TG
OCN (NM_007541.4) F CCA CCG AGA CAC CAT GAG AG 137
R CGC CTG GGT CTC TTC ACTAC
B-actin (NM_001101.5) F CTT CGC GGG CGA CGAT 125
R CCA CAT AGG AAT CCT TCT GAC C

LAY B SR, £H10% SDS-PAGEAEK
NEEELAEN, MEEE, HH, £4 °CFH—
PU(MEK. p-ERK. ERK){RMLH , —PisBEtt
1:1 000, b5 7E = I T 51 4 1 HRPAREC P &
2 h, “HiRREEL 912 000, ECLA GIRFIIRG, 13
Image) 73 4> 1 07 2% 7 K AR
1.11 Gt

SPSS 26.03 73t 45 , LAIIE AR EZE (x-ts)
FREAE, BRI R RS AT T 255, R
DRI 28 7 2290 BT, 24 B DR 36 0 22 90 W 45 SR SR s 4L ) A7
TG 72 7, PP HLBUAT SNK-g 56, P<0.05% 7R
ERA G R L

2 HFR
2.1 PCAIRSEPDLSCsH D5 fE

x4 A L, LPSHL DysoF& (% (P<0.05); 5
LPSAAHLL, LPS+5 umol/L PCAZH. LPS+10 pumol/
L PCAZ Duso¥ i1 (P<0.05); 5 LPS+5 umol/L PCA
ZHAHEL ) LPS+10 umol/L PCAZH D.sod 11 (P<0.05);
5 LPS+10 umol/L PCAZHAH L, LPS+10 umol/L
PCA+UO01262H Dusof#4I%(P<0.05); W11,
2.2 PCAHIHIPDLSCs)HT-

5t ZHAH LG, LPSZHIH T3 91 (P<0.05); 5
LPSZHAHEL, LPS+5 umol/L PCAZH. LPS+10 umol/L
PCAH P T2 F [F#IK (P<0.05); 5 LPS+5 umol/L PCA
HAH L, LPS+10 pmol/L PCAZLIE T [A1K(P<0.05);
5 LPS+10 umol/L PCAZHA L, LPS+10 pmol/L

PCA+UO126ZH A 1= 23 N (P<0.05); W.E2F1E3.
2.3 PCA#IFHEIPDLSCsH IL-1f. IL-6F0 TNF-a
mRNARIA

S AL, LPSZHIL-18. IL-6. TNF-a
mRNA KA K38 11 (P<0.05); 5 LPSZAAM L,
LPS+5 pumol/L PCAZH. LPS+10 pumol/L PCAZ IL-
1B+ IL-6. TNF-a mRNARIEKFFEK (P<0.05); 5
LPS+5 umol/L PCAZHH L, LPS+10 umol/L PCAZ
IL-1B. IL-6. TNF-o. mRNAZRIE/K T FEE (P<0.05);
5 LPS+10 umol/L PCAZHAH L, LPS+10 umol/L
PCA+UO12641IL-18. IL-6. TNF-a mRNAZ kKT
¥ hn(P<0.05); W4,
2.4 PCA_LAPDLSCsH RUNX2, OCN mRNA
HIFRIE

ExtEA M, LPSARUNX2. OCN mRNAZ L
ISP B (P<0.05); SLPSZAHLE, LPS+5 pumol/L PCA
44, LPS+10 umol/L PCA4LRUNX2. OCN mRNA
FIKIKFHE 0 (P<0.05); 5 LPS+5 pmol/L PCAZHAH
tt, LPS+10 pmol/L PCAZ RUNX2. OCN mRNAF
KK (P<0.05); 5 LPS+10 pmol/L PCAZHAH
v, LPS+10 pmol/L PCA+U01264 RUNX2. OCN
mRNAFRILKFFR{K(P<0.05); W5,
2.5 PCAZ{EPDLSCsHIL-1B. IL-6F1TNF-af
KFE

53 e, LPSZHIL-1B. IL-6£1 TNF-o18
J1(P<0.05); 5 LPSAAHLL, LPS+5 pmol/L PCAZ.
LPS+10 pmol/L PCAZHIL-1B.IL-6 AT TNF-af#1i%(P<0.05);
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*P<0.05, 5L LA *P<0.05, SLPSZ HLEL; €P<0.05, S5LPS+5 pmol/L PCAZL LA $P<0.05, 5LPS+10 pmol/L PCAZH EL%S .

*P<(.05 compared with the control group; *P<0.05 compared with the LPS group; “P<0.05 compared with the LPS+5 pmol/L PCA group; *P<0.05
compared with the LPS+10 pmol/L PCA group.
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Fig.1 The D,s, changes in PDLSCs
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Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC

B2 &4EPDLSCsHIET-E
Fig.2 The changes in apoptosis of PDLSCs in each group
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= 1PpPS
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© 30— B [ PS+10 pmol/L PCA+U0126
2
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Z 20
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[=]
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#P<0.05, 50 A LA #P<0.05, HLPSZ HL#L; “P<0.05, 5LPS+5 pmol/L PCAZH L $P<0.05, S5 LPS+10 pmol/L PCAZH LK.

*P<0.05 compared with the control group; “P<0.05 compared with the LPS group; “P<0.05 compared with the LPS+5 pmol/L PCA group; *P<0.05
compared with the LPS+10 pmol/L PCA group.

[E3 PDLSCsHUBT-HRI{L
Fig.3 The changes in apoptosis rate in PDLSCs
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AITNF-a34 1(P<0.05); WLEl6. fiX, ALP. GL5m )i /Dse,f#AIK (P<0.05); 5 LPSALMHLL,
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mRNA expression

0- [
IL-6 IL-1B

Control
LPS
LPS+5 umol/L PCA

LPS+10 umol/L PCA
E 1 PS+10 umol/L PCA+U0126

il

TNF-a

#P<0.05, SXTHRZLLLEL; *P<0.05, HLPSALLLEL; “P<0.05, 5LPS+S pmol/L PCAZLLLEL; $P<0.05, S5LPS+10 pmol/L PCAZLLLAZ .
*P<0.05 compared with the control group; “P<0.05 compared with the LPS group; “P<0.05 compared with the LPS+5 pumol/L PCA group; *P<0.05

compared with the LPS+10 pmol/L PCA group.

E4 PDLSCsHIL-1f. IL-6, TNF-a mRNAZFIEZ L
Fig.4 The mRNA expression changes of IL-1f, IL-6, and TNF-a in PDLSCs

mRNA expression
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HE 1PS
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RUNX2
*P<0.05, 5% AL L #K; *P<0.05, SLPSALELE; “P<0.05, HLPS+5 pmol/L PCAZLEL#H; *P<0.05, 5LPS+10 pmol/L PCAZ EL#%
*P<(.05 compared with the control group; “P<0.05 compared with the LPS group; “P<0.05 compared with the LPS+5 pumol/L PCA group; *P<0.05
compared with the LPS+10 pmol/L PCA group.
El5 PDLSCs®FRUNX2, OCN mRNAZRIXZE{L,
Fig.5 The mRNA expression changes of RUNX2 and OCN in PDLSCs
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Levels of inflammatory factors
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LPS+5 pmol/L PCA

LPS+10 pmol/L PCA
x = [ PS+10 pmol/L PCA+U0126

IL-6 -1

TNF-a

*P<0.05, 5XF AL LA *P<0.05, SLPSALHLESE; #P<0.05, 5LPS+5 pmol/L PCAZLELE:; $P<0.05, S5LPS+10 umol/L PCAZH L% . n=6.
*P<(.05 compared with the control group; “P<0.05, compared with the LPS group; “P<0.05 compared with the LPS+5 pumol/L PCA group; *P<0.05

compared with the LPS+10 pmol/L PCA group. n=6.

&6 PDLSCsHIL-1f. IL-6F1TNF-0Z5{t
Fig.6 The changes of IL-1f, IL-6 and TNF-a in PDLSCs
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+U0126
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Fig.7 Observation of mineralized nodule changes in PDLSCs by alizarin red staining
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Fig.10 Protein expression changes of MEK, p-ERK/ERK, RUNX2, and OCN in PDLSCs
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