DOI: 10.11844/cjcb.2026.05.0010
i E A AE Y 2424 9] Chinese Journal of Cell Biology 2026, 48(5): 1376-1385 CSTR: 32200.14.¢jcb.2026.05.0010

[ 77183 B R B AR xR B S i A 2 S P E
MR B HER BT

5231,2,3# é%%ilj,}# Et?;;l gjﬁ%]galj,} %\E%bl ﬂl—_—gil,lﬂ* %H]&dﬂg\lj,}*
(" ZE R K S Sk 2 24 Bt 5 — B B R B A 2 A0 B, 13k 014010, 26083k 52 24 B oh 22 bR i iE 7T,
3k 014010; *IW T BiE XA A BHAESTRGBE TREE AT L, £k 014010)

BWE SR ERIIZR T, fHSDk&u’i)ﬁwﬁ&Buﬂs’;érﬂﬂbxiﬂfiﬁﬁ’l/%i}‘ e sk, 5
PR R AT RS, MK R AT AERLE TR IR I A PR A KL F T AER .
I I3 H %/‘SDkffoJ\%%{EX/‘? 4&&}1145%4&3)9@ uJM] F 3ot AR 3% I 0 AR o I 4w L 45T IR
71, CCK-8F= %5 %% pX, S5 A48 A% izt 2 4 L3 78 0L, TUNEL 4 &A% 0 A% fls J52 4m it 69 8] = 1 oL, 4B 4m
e L, fﬂi%'wi«’fmﬂl?l‘dﬁ‘ 18 3T AR AR A 3 RO AR I 4w AL OB b AR R RE A 64
Bty IR ) AL R 04 R R IR R B 4m AP ib AR G PR iR 3 AR, B R AR ALPE €A AR 4a i
éﬁﬁv’ﬂ 87, 0 R HE FPCRAMARFARR ARG R LI, ERET, B RIHEA R D
JE e E, 0 e FA A8 7) Ak, 2 A WY INB R @8 B 3 69 R 45 B A8 X 69 miRNA(miR-21-5p.
miR-132. miR-20a. miR-204), K & 3 6% B8 Jls I 4m 09| b AR T vASE 3% FRB 40 .69 AR RE 70, JE ) )
R PR B AR 5 I 2 RSN s AR G PRR 40 iR 3T IR AL 95 38 0% PR a0 AR A8 A, FHAR PR dm i
#9Runx2. OPNA=OCNE XK -FHE Ao, AR LN, ARAGRIRBELEATAERL T FAEEE
AR, B )5 AR AR R 6 R AL PRE G A KR T, A e R L6 PR ARE 506 97 6915 29 X
89 RAF R I AR I AR IE
KHEIR R ARG, S AA R 4E i miIRNA VA%

Study on the Role of Pressure in Regulating the Osteogenesis of Cranial

Cells through the Exosomes of Immature Dural Cells

WANG Yu'**, HAN Yanjun'**, WANG Lei', ZHANG Chunyang'*?, SUN Jianying',
ZHAO Zhijun'***, ZHANG Xiaolu'***

(‘Department of Neurosurgery, First Affiliated Hospital of Baotou Medical College, Inner Mongolia University of Science and Technology,
Baotou 014010, China; *Institute of Neurosurgical Diseases, Baotou Medical College, Baotou 014010, China; *Engineering Technology
Center for Bone Tissue Regeneration and Injury Repair, Inner Mongolia Autonomous Region, Baotou 014010, China)

Wk H 3: 2026-01-08 $252 H#1: 2026-04-13

FEHAFIF IS (S . 82160250, 81960238, 82360188). W5 i H AR 4 (M5 . 2025MS08095). W L ENMr T H (ks
YSXH2024KYF072. YSXH2024KYF074). N5 A EEFERHIFEC G L SRR (IHES : 2024GLLHO0504) A3kl TUAE i BERHE TF &I (ke 5
2024wsjkkj24) FI4 Sk e 27 B 5 AR RHE A R THRIAHE S - BYJI-QNGG202402) 7 B R

LR —FH

MEIEIEE . Tel: 15849244616, E-mail: 15849244616@163.com; Tel: +86-15947129616, E-mail: 41419731@qq.com

Received: January 8, 2026 Accepted: April 13, 2026

This work was supported by the National Natural Science Foundation of China (Grant No.82160250, 81960238, 82360188), the Natural Science Foundation
of Inner Mongolia Province (Grant No0.2025MS08095), the Inner Mongolia Medical Practitioners Association Project (Grant No.YSXH2024KYF072,
YSXH2024KYF074), the Inner Mongolia Public Hospital Research Joint Fund Science and Technology Program (Grant No.2024GLLH0504), the Baotou City
Health and Medical Science and Technology Plan (Grant No.2024wsjkkj24), and the Baotou Medical College Young Science and Technology Talent Development
Program Project (Grant No.BYJJ-QNGG202402)

*These authors contributed equally to this work

*Corresponding authors. Tel: +86-15849244616, E-mail: 15849244616@163.com; Tel: +86-15947129616, E-mail: 41419731 @qq.com


https://cstr.cn/32200.14.cjcb.2026.05.0010

RIS s g e R R R A R M A AR 2 5 P A AR A R AT 1377

Abstract

cells of SD rats under stress with cranial bone cells, simulating the growth and development process of rat cranial

This study employed in vitro experiments to co-culture exosomes secreted by immature dural

bones, to investigate the role of immature dura mater in cranial bone development. Primary dural cells were isolated
and extracted from 3-day-old SD rats. In vitro experiments were conducted to subject the primary cultured dural
cells to stress, with CCK-8 and colony formation assays used to assess dural cell proliferation, and TUNEL staining
used to detect apoptosis. Cell supernatants were collected, and exosomes were extracted by differential centrifuga-
tion. Next-generation sequencing was employed to analyze the impact of stress on the osteogenic potential of im-
mature dural cell exosomes. Co-cultures of cranial bone cells with exosomes derived from stress-treated immature
dural cells were performed, and osteogenic activity was assessed by alizarin red and ALP staining, while real-time
quantitative PCR was used to measure the expression of osteogenesis-related genes. Results demonstrated that
stress stimulation enhanced the proliferative capacity of immature dural cells, and the exosomes produced contained
higher levels of osteogenesis-regulating miRNAs (miR-21-5p, miR-132, miR-20a, miR-204). Immature dural cell
exosomes promoted osteogenic activity in cranial bone cells, and co-culturing stress-treated exosomes with cranial
bone cells further enhanced osteogenic capacity, accompanied by increased expression levels of Runx2, OPN, and
OCN in cranial bone cells. The study found that the immature dura mater plays a crucial role in skull growth and
development, and stimulation of the immature dura mater by pressure contributes to skull growth and development,

providing a fundamental theoretical basis for selecting appropriate repair methods in clinical skull defect treatment.
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Reverse: AGG TGG ACA GCGAGG CCAGGAT
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A: morphological image of isolated and cultured dural cells in vitro; B: immunofluorescence staining image of Vimentin in dural cells; C: morphologi-

cal image of isolated and cultured skull cells in vitro; D: immunofluorescence staining image of OPN in skull cells.
Ell SDARAEKIRK & M SEE
Fig.1 Identification of cell morphology in dural and skull cells of SD rats
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(KR T2RE 7 AL T . n=6, Fks, **P<0.01, ***P<0.001.
A: quantitative analysis of dural cell proliferation by CCK-8 assay; B: quantitative analysis of colony-forming ability of dural cells by colony formation
assay; C: quantitative analysis of dural cell apoptosis by Tunel staining. n=6, ¥£s, **P<0.01, ***P<0.001.
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Fig.2 Detection of proliferation ability of dural cells
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A: cup-shaped morphology of pressure-stimulated dural extracellular exosomes observed using TEM (transmission electron microscopy); B: particle
size distribution of pressure-stimulated dural extracellular exosomes analyzed using nanoparticle potential analyzer; C: Western blot for protein immu-
noblotting of extracellular membrane markers CD63, TSG101, and B-actin.
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Fig.3 Identification of dural cell-derived exosomes
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A: volcano plot showing differential gene expression between dural cell exosomes from the stress-stimulated group and the non-stimulated group; B:
types of differentially expressed miRNAs; C: top 10 GO functional enrichment analysis of the predicted target genes; D: top 10 KEGG pathway enrich-

ment analysis of differentially expressed genes.
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Fig.4 Enrichment analysis depicting the induction pathway of stress-stimulated dural cells
through the miRNA-mRNA regulatory network
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