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[Abstract] Objective To investigate the differences in proliferation and osteogenic differentiation capacities be-
tween rat dental socket stem cells (DSCs) and periodontal ligament mesenchymal stem cells (PDLSCs), thereby provid-
ing a experimental basis for elucidating the functional characteristics of these two distinct sources of mesenchymal stem
cells. Methods This study was approved by the Institutional Animal Care and Use Committee. Twenty-four 6- to 8-
week-old male Sprague — Dawley rats were divided into four groups (n = 6 per group) based on the time points of 0, 1,
3, and 7 days post-extraction by the random number table method. A rat alveolar socket model was established by ex-
tracting the left maxillary molars. Hematoxylin and eosin (H&E) staining was performed to observe the histomorphologi-
cal changes in the alveolar sockets at the specified time points. Immunohistochemistry was used to detect the expression
and distribution of the p75 neurotrophin receptor (P75SNTR). Based on the staining results, an optimal time point was se-
lected to harvest early healing tissues from the alveolar sockets. DSCs were cultured using a combination of tissue block
and enzymatic digestion methods. Concurrently, PDLSCs were isolated from the extracted molars using identical culture
protocols. The surface markers CD44, CD45, CD90, and P75NTR were analyzed via flow cytometry. Cell proliferation
and clonogenic potential were compared using the Cell Counting Kit-8 (CCK-8) assay and colony formation assays, re-
spectively. After adipogenic induction, Oil Red O staining was conducted to observe lipid droplet formation. Following
osteogenic induction, alkaline phosphatase (ALP) activity and alizarin red S (ARS) staining were utilized to evaluate
ALP expression and mineralized nodule formation, respectively. Furthermore, the mRNA and protein expression levels
of osteogenesis-related factors, including ALP and Runt-related transcription factor 2 (RUNX2), were quantified to com-
prehensively assess the osteogenic differentiation potential of both cell types. Results H&E staining revealed that the
alveolar sockets were filled with erythrocytes 0 and 1 days post-extraction. By day 3, significant fibroblastic connective
tissue proliferation was observed within the sockets, and bone formation increased markedly by day 7. Immunohisto-
chemical analysis showed sparse P75NTR-positive staining limited to the inner socket wall 0 and 1 days post-
extraction. On day 3, P7SNTR was distributed throughout the fibrous connective tissue of the socket, with slight stain-
ing on the bone walls. By day 7, the receptor was expressed in the fibrous connective tissue at the edges of the trabecu-
lae. Consequently, day 3 post-extraction was selected as the optimal time point for DSC isolation. Both PDLSCs and
DSCs exhibited similar morphologies in wvitro, characterized by high expression of mesenchymal stem cell markers
(CDY0, CD44) and P75NTR, alongside low expression of the hematopoietic marker CD45. CCK-8 assays demonstrated
that the proliferation capacity of the DSCs was significantly higher than that of the PDLSCs (P < 0.05), accompanied by
a greater colony formation rate (P < 0.001). Both cell types possessed adipogenic differentiation potential, as evidenced
by vacuolar structures in the cytoplasm. Regarding osteogenesis, the DSCs exhibited a larger area and higher density of
ALP staining (P < 0.001). ARS staining indicated that both cells formed orange-red mineralized nodules; however, the
DSCs produced significantly more calcified nodules (P < 0.0001). Additionally, the mRNA and protein expression lev-
els of ALP and RUNX2 were notably elevated in the DSCs compared with the PDLSCs (all P < 0.05). Conclusion Rat
DSCs can be stably cultured in vitro. Compared with PDLSCs, DSCs exhibited superior capabilities in terms of prolifera-
tion, colony formation, and osteogenic differentiation.
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tase
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Table 1  Gene primer sequences

Genes Forward (5'-3") Reverse (5'-3")
RUNX2 GGA GTG GAC GAG GCA AGA GT AGG CGG TCA GAG AAC AAA CT
ALP CGG ACC ATT CCC ACG TCT TC CAT TCT CTC GTT CAC CGC CC
GAPDH TCT CTG CTC CTC CCT GTT CT ATC CGT TCA CAC CGA CCT TC

RUNX2: runt-related transcription factor 2. ALP: alkaline phosphatase. GAPDH: glyceraldehyde-3-phosphate dehydrogenase
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a: the dental socket of left maxillary second molar immediately after tooth extraction (white box), showing an empty socket with minor hemorrhage.

b: the dental socket (white box) of left maxillary second molar at 3 days after tooth extraction, with granulation tissue observed in the socket. Rep-

resentative images from 6 rats (3 maxillary and 3 mandibular molar dental sockets per rat) (a, b)

Figure 1 Dental socket of the left upper molar in a rat
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a: immediately after tooth extraction. A large accumulation of red blood cells was observed in the dental socket, with a small number of osteoclasts

visible at the bone margin. b: one day after tooth extraction, showing similar histological features to those immediately post-operation. c: three days

after tooth extraction, the amount of red blood cells in the dental socket decreased and was gradually replaced by fibrous connective tissue. d:

seven days after tooth extraction. The formation of new bone cells was observed in the dental socket, with increased quantity but disordered ar-

rangement, forming a large area of bony callus. Proliferation of fibrous connective tissue and many osteoclasts were noted around the callus. Black

arrow: fibroblasts; white arrow: erythrocytes; blue arrow: osteoblasts; yellow arrow: fibrocytes; red arrow: osteoclasts; black dotted line: dental

socket; red box: selected field for high power microscopic magnification. Representative HE staining images selected from histopathological sec-

tions of the left mandibular second molar alveolar sockets in six rats per group (a, b, ¢, d)

Figure 2 Histomorphology of a rat dental socket after tooth extraction
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a: immediately after tooth extraction, slight P7SNTR positivity was observed on the inner wall of the alveolar bone. b: one day after tooth extrac-

tion, mild P75NTR positivity was detected on the alveolar bone wall, with the positive region gradually extending toward the interior of the dental

socket. c: three days after tooth extraction, scattered positive areas were present around the fibrous connective tissue in the center of the dental

socket. d: seven days after tooth extraction, P7ZSNTR was expressed in the fibrous connective tissue surrounding the newly formed cancellous bone.

White arrow: regions with P7SNTR expression; black box: selected field for high-power microscopic magnification. P7ZSNTR: P75 neurotrophin re-

ceptor. Representative immunohistochemistry staining images selected from histopathological sections of the left mandibular second molar alveolar

sockets in six rats (a, b, ¢, d)

Figure 3 P75NTR immunohistochemical staining of a rat dental socket after tooth extraction

B3 KEILT G0 PTSNTR s 4 4b 2=yt

TE 5 BEE 92 0E Hh 5| & i Jey 0 s o B 2R A, PTG ok
RAEAT T ARG H W E B S R R AR
i [, 15 F PDLSCs & A N TR 07 2% 3 Iy 1 e A%
i A YDy fe sz 2w . WA, PDLSCs
3 T e BBURA 0 T 32 FR 200 M 4l B AN 1 S o e Al R
S R B . DA RIS B R
RN R O B X 21 o e 1 O T
2 A KT BR Y 5 A 6 ol R R R B B SR A
0 B V% s IR BRI L 1 DR R AR AL TE
I EES i 4 L 8 A R e, et ML AR S, 25 i
AR BLE S AR R A 5 TR BT A 20 A ) TR 2R 4
218 AE M2 05 40 55 5 0E 40 i i 52 R B
A R JRe W R B i B A S R A R B I e B
F g S8, X S8 B 8 % 0 L2 & R e AL i R
ke w11 NS B A R R S U A N e a4
(i 200, DA TR R R T R e A A A AR Y
KHEH MR o o A s A R e AW ARy

B 1 3h A HAE A B RAE SR AN O R s Y 1)
MEHLANTHUMERNT BB EEAS
RAg TGP kAT 712, B R 5 3 sk R 7 i 38 %2
FIORG A 45, ELAE PR E T UE S A4 1) 50 5 2 I Y
iz E o AN JZ TR A S, A7 2 Fh R a1
f14 1] 3 S5 4 M A X — By B #8 2408 Q1 1AL I
ZIh oA B, FE A AR M B 1S S A AL, DL
20 J A1 3 5T R A AT AL B 2 B B R R
B R R A RIS AT AE
AR B AR B A FE BT A AR
P 40 1) 26 2 St b DX SR 1) S AR AL LT
HIAB S RE T i SCHEAR 7, N a s 1 X
60 M B A7 AR SR R F R e X A
FEEA TR RIS, BRI T HAEGHES
ROR B R OF M s RAE 2R AL, &2 1 R Fe A
Ja, FA UL 25 5 40 M Al Bl 3T IE R 2 R
2R A i m] e A A G e N S A U I T 1



ARERIE 20265108 $£34% F 108
Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2026,Vol.34 No.10 https://www.kqjbfz.com - 947 -

(o) PDLSCs

3001
6001
P3(0.04%)
- 400] —| = 200
g S
< 200] 100
0- 3G 15 116 10T 0
0 10°10* 10° 10° 10 0 10° 10° 10
CD45-Pacifitc Blue P75NTR-PE
4001 ]
P3(89.92%) 2007 p3(98.74%
E E
3 2007 S 100

0_
0 10° 10* 10° 10° 10’
CDY0-FITC

0+ -
0 10° 10* 10° 10° 10’
CD44-FITC

600
3001
4007
_ P3(0.17% ]
: (0.17%) _ 200
= z
200 “ 1007
07 3T 105 16 107 0+ y
0 10°10* 10° 10° 10 0 10° 10° 10
CD45-Pacifite Blue P75NTR-PE
3001
2001
_200]  p39T94%) _ P3(98.56%)
= =i
2 2 1001
S 100] o

O.
010° 10* 10° 10° 107
CD90-FITC

0.
010° 10* 10° 10° 10
CD44-FITC

a: representative images of PDLSCs migrated out from tissue explants and proliferated gradually. Flow cytometry results showed that PDLSCs

highly expressed the mesenchymal stem cell phenotypic markers CD90, CD44 and P75NTR, with low expression of the negative marker CD45.

PDLSCs were isolated from periodontal ligaments of the maxillary and mandibular first, second, and third molars of 24 rats immediately after tooth

extraction. Flow cytometric analyses were performed from three biologically independent repeats. b: representative images of DSCs displayed a

spindle-like morphology and proliferated in aggregated colonies after attaching to the culture surface. Flow cytometry results showed that DSCs

highly expressed the mesenchymal stem cell phenotypic markers CD90, CD44 and P75NTR, with low expression of the negative marker CD45.

DSCs were derived from early healing tissues of the alveolar sockets the maxillary and mandibular first, second, and third molars in 6 rats at 3

days post-extraction. Flow cytometric analyses were performed from three biologically independent repeats. P7ZSNTR: P75 neurotrophin receptor.

PDLSCs: periodontal ligament stem cells. DSCs: dental socket stem cells

Figure 4  Culture and identification of DSCs and PDLSCs
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a: the proliferative differences between DSCs and PDLSCs were determined using a CCK-8 assay. DSCs presented a higher cell quantity than
PDLSCs at days 5, 6 and 7. n = 3 biologically independent repeats. Statistical analysis used analysis of variance, *P < 0.05, ***: P < 0.001. b:
representative gross and microscopic images of the colony formation assay in DSCs and PDLSCs, along with a comparison of colony formation rate
between the two cell types. The DSC group formed a greater number of cell colonies with a larger colony area. n = 3 biologically independent re-
peats. Statistical analysis used ¢ test. ***: P < 0.001. PDLSCs: periodontal ligament stem cells. DSCs: dental socket stem cells. CCK-8: Cell Count-
ing Kit-8
Figure 5 Comparison of the proliferation and colony-forming abilities of DSCs and PDLSCs
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a: representative image of Oil Red O staining in DSCs from 3 biologically independent repeats. b: representative image of Oil Red O staining in
PDLSCs from 3 biologically independent repeats. Red-stained lipid droplets were observed in both cell groups. PDLSCs: periodontal ligament stem
cells. DSCs: dental socket stem cells

Figure 6 Comparison of Oil Red O staining of DSCs and PDLSCs
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a: representative gross and microscopic images of ALP staining and a comparison of the ALP-stained area in DSCs and PDLSCs. The DSC group
exhibited a larger blue-stained area and a higher staining density of ALP compared with the PDLSC group. n = 3 biologically independent repeats.
Statistical analysis used ¢ test. ***: P < 0.001. b: representative microscopic images of ARS staining and a comparison of the staining area in
DSCs and PDLSCs. More orange-red mineralized nodules were formed in the DSC group than in the PDLSC group. n = 3 biologically independent
repeats. Statistical analysis used ¢ test. ****: P < 0.000 1. c: the mRNA expression of RUNX2 and ALP was detected by qRT-PCR. The mRNA

levels of ALP and RUNX2 in the DSC group were higher than those in the PDLSC group. n = 3 biologically independent repeats. Statistical analy-
sis used ¢ test. #**: P < 0.001, ***%: P < 0.000 1. d: representative images of Western blot of RUNX2 and ALP in each group. A quantitative com-
parison of RUNX2 and ALP protein expression showed that the protein levels of ALP and RUNX2 in the DSC group were higher than those in the
PDLSC group. n = 3 biologically independent repeats. Statistical analysis used ¢ test. *: P < 0.05. PDLSCs: periodontal ligament stem cells. DSCs:
dental socket stem cells. ALP: alkaline phosphatase. ARS: alizarin red S. qRT-PCR: real-time polymerase chain reaction. RUNX2: runt-related

transcription factor 2. GAPDH: glyceraldehyde-3-phosphate dehydrogenase
Figure 7 Comparison of the osteogenic differentiation abilities of DSCs and PDLSCs
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