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Results

Histological change in the injured dentin-pulp 
complex 

The odontoblast layer, the cell-free zone, the 
cell-rich zone, and the subjacent pulp tissue 
could be seen clearly in the control teeth after 
cavity preparation (Figure 1A, 1B). The preden-
tin became clearly thick and had neonatal 
blood vessels by 72 h after cavity preparation 
(Figure 1C). The inflammatory responses under 
the cavity were obvious. The cells were obvi-
ously proliferated with reparative dentin forma-
tion by 7 d after cavity preparation (Figure 2A, 
2B). The cells proliferated markedly. A large 
amount of reparative dentin formed in the area 
by 14 d after cavity preparation (Figure 2C, 2D). 
Reparative dentin had formed corresponding to 

after cavity preparation was significantly differ-
ent (P < 0.05). By 7 d after cavity preparation, 
cells contributing to the dentin formation exhib-
ited a positive reaction for Lin28 (P < 0.05) 
(Figure 4A). By 14 d after cavity preparation, 
the reparative dentin had weak expression, 
while the odontoblasts beneath the reparative 
dentin were stained (P < 0.05) (Figure 4B). 
However, a lower level of activity of Lin28 was 
observed in the odontoblasts and pulp cells  
by 21 d after cavity preparation (P < 0.05) 
(Figure 4C, 4D), compared with the expression 
of Lin28 expression by 7 d and 14 d.
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tory cytokines

To evaluate the effect of LPS on inflammatory 
cytokines expression in HDPCs, we exposed 

the cavity preparation. The 
newly differentiated odonto-
blasts were arrayed in an 
orderly fashion along the 
reparative dentin, which was 
mineralized intensely. The 
dentinal tubules were array- 
ed in a disorderly fashion by 
21 d after cavity preparation 
(Figure 2E, 2F).

Expression of Lin28 in the 
injured dentin-dental pulp 
complex

The protein expression of 
Lin28 in the injured dentin-
dental pulp complex was ex- 
amined. Compared with that 
in the control teeth (Figure 
3A), the expression of Lin28 
by 72 h after cavity prepara-
tion showed a significant dif-
ference (P < 0.05), while the 
expression of Lin28 by 0 h 
showed no difference (P > 
0.05) (Figure 3B). Immunohis- 
tochemical staining revealed 
a higher level of activity of 
Lin28 in the odontoblasts and 
the pulp cells adjacent to the 
cavity by 72 h, compared with 
those of the control teeth (P < 
0.05) (Figure 3C, 3D). Com- 
pared with the expression in 
control teeth, the expression 
of Lin28 by 7 d, 14 d and 21 d 

Figure 3. Immunolocalization of the expression of Lin28 protein by 0 h and 
72 h and in the control teeth after cavity preparation. (A, B) Weak immuno-
reactivity expression of Lin28 protein was observed by 0 h (B, ×100) and 
in the control teeth (A, ×100). (C, D) A higher level of activity of Lin28 was 
observed in the odontoblasts and the pulp cells adjacent to the cavity by 72 
h (C, ×100; D, ×200). (E) The percent of Lin28 protein expression by 0 h, 72 
h and in the control teeth after cavity preparation. *P < 0.05 vs the normal 
dentin-dental pulp. The data are presented as the mean ± SEM.
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Figure 4. Immunolocalization of expression of Lin28 protein by 7 d, 14 d 
and 21 d after cavity preparation. (A) Some cells contributing to the dentin 
formation showed a positive reaction for Lin28 by 7 d (A, ×100). (B) The re-
parative dentin exhibited weak expression, while the odontoblasts beneath 
the reparative dentin were stained positively by 14 d (B, ×200). (C, D) A lower 
level of activity of Lin28 was observed in the odontoblasts and pulp cells by 
21 d than was observed by 7 d and 14 d after cavity preparation (C, ×100; 
D, ×200). (E) The percent of Lin28 protein expression by 7 d, 14 d and 21 
d after cavity preparation. *P < 0.05 vs the normal dentin-dental pulp. The 
data are presented as the mean ± SEM.

HDPCs to various concentration of LPS for 24 
h, collected the supernatant and performed 
ELISA. Compared with HDPCs without LPS, 
HDPCs exposed to 10 ng/ml, 100 ng/ml, 1 μg/
ml and 10 μg/ml LPS for 24 h and 48 h showed 
induced upregulation of IL-1β and IL-8 expres-
sion (P < 0.05) (Figure 5A, 5B). Compared with 
HDPCs without LPS, HDPCs exposed to 100 
ng/ml, 1 μg/ml and 10 μg/ml LPS for 24 h 
showed increased expression levels of both 
IL-1β and IL-8 mRNA (Figure 5C, 5D). 

Effects of LPS on the viability of HDPCs

A CCK-8 assay was used to study the impact of 
LPS on cell viability. The viability of cells was 

ed that the expression of let-7b, let-7g and mir-
98 were reduced in the LPS-induced group 
compared with the control, whereas let-7a, let-
7c, let-7d, let-7e, let-7f and let-7i were increased 
(Figure 5I).

Discussion

Dentinogenesis occurs after intense injuries by 
a deposition of a protective layer of repara- 
tive dentine that is secreted by odontoblast-like 
cells at the injured dentin-dental pulp inter- 
face [26, 27]. However, the differentiation of 
dental pulp cells and the formation of repara-
tive dentin have complex mechanisms at the 
molecular level and requires further resear- 

determined by measuring the 
optical density (OD) value at 
450 nm. HDPCs were cultured 
for 24 h and the OD values 
were compared with those of 
the control cells. The results 
indicated that the viability of 
the cells exposed to 10 ng/ml, 
100 ng/ml, 1 μg/ml and 10 
μg/ml LPS for 24 h exhibited 
little difference from those of 
the control group (P > 0.05) 
(Figure 5E).

Effects of LPS on the expres-
sion of Lin28 in LPS-induced 
HDPCs 

To examine the effect of  
LPS on the expression of 
Lin28 in HDPCs, we perform- 
ed Western blot and qRT-PCR 
analyses. In accordance with 
the mRNA expression level 
(Figure 5F), the Western blot 
analysis demonstrated that 
the 100 ng/ml group ex- 
pressed a higher protein level 
than the control group did 
(Figure 5G, 5H).

Expression of the let-7 miRNA 
family in LPS-induced HDPCs 

The mRNA expression levels 
of members of the let-7 family, 
which are known to be regu-
lated by Lin28, were exam-
ined. The results demonstrat-



Lin28 is related to injured dentin-dental pulp complex

4392	 Int J Clin Exp Pathol 2018;11(9):4385-4394

ch. The results of the present study demon-
strated that Lin28 was expressed in the injur- 
ed dentin-dental pulp complex.

In the present study, the operative procedures 
of cavity preparation were similar to those 
described previously [28-30]. In vivo, the inves-
tigation performed on animals provided di- 
rect evidence that Lin28 participates in the 
repair process of the dentin-dental pulp com-
plex. By 72 h, obvious inflammatory respon- 
ses were observed. Reparative dentin formed 7 
d after cavity preparation, which was consis-
tent with the results of a previous study. By  
14 d, Lin28 immunostaining was more visible 
around the zone of reparative dentin. By 21 d 

after cavity preparation, the newly differentiat-
ed odontoblast-like cells were located beneath 
the reparative dentin. Lin28 was seen in cells lin- 
ing this irregular matrix. Lin28 protein ex- 
pression levels were obviously increased by  
7 d, 14 d and 21 d after cavity preparation, 
which was the precise time of reparative dentin 
formation. The level of activity of Lin28 was 
reduced by 21 d after cavity preparation, which 
revealed that the reparative dentin reached 
stability and that the proliferation process 
weakened.

The present in vitro study utilized LPS extract- 
ed from Escherichia coli O111:B4 LPS at a  
concentration of 100 ng/ml, as this concent- 

Figure 5. The expression of Lin28 and let-7 families in normal HDPCs and HDPCs treated with LPS. A, B. The 
amounts of IL-1β and IL-8 in culture supernatants were determined by ELISA. C, D. The mRNA expression of IL-1β 
and IL-8 were determined by qPCR. E. The CCK-8 assay was used to assess the viability of normal cells and cells 
treated with LPS. F. Lin28 mRNA was examined by qPCR in normal cells and in cells treated with 100 ng/ml LPS 
for 24 h. G, H. Lin28 expression was determined in normal cells and in cells treated with 100 ng/ml LPS for 24 h 
by western blot. I. Expression of let-7 family miRNAs was determined by qPCR. β-Actin expression was used as a 
control. *P < 0.05 vs cells without LPS. The data are presented as the mean ± SEM.
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ration has been demonstrated to induce in- 
flammatory reactions such as upregulation  
of IL-6, IL-8, IL-β, TNF-α, matrix metallopro- 
teinase (MMP)-2, MMP-9, ICAM-1 and VCAM-1 
in HDPCs [31, 32]. It was observed that 100 
ng/ml LPS stimulated HDPCs and upregulat- 
ed the expression of inflammatory factors,  
such as IL-8 and IL-β, consistent with previ- 
ous research. Moreover, it was demonstrat- 
ed that Lin28 expression was increased while 
let-7b, let-7g and mir-98 were downregulated  
in the inflammatory cells, and let-7a, let-7c, let-
7d, let-e, let-7f and let-7i had no significant dif-
ference, compared with the levels in control 
cells. 

In conclusion, the present study demonstrat- 
ed the participation of Lin28 in dentin rege- 
neration in animal models. Additionally, the 
results indicated that let-7 may be the targets 
of Lin28 in the formation of reparative dentin 
and may constitute a very useful tool for pulp 
therapies. Future studies should focus on the 
specific regulatory mechanisms in order to pro-
vide novel directions for curing tooth diseases 
and promoting the development of effective 
therapies for other injuries.
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