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RNA-binding protein Lin28 is associated with injured 
dentin-dental pulp complex in Sprague-Dawley rats
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Abstract: Reactivation of Lin28 accelerates hair, cartilage, bone and mesenchyme regrowth after ear and digit in-
juries. However, the relationship of Lin28 to reparative dentin has been under investigation. The aim of the present 
study was to examine whether Lin28 participates in the reparative dentin process and lipopolysaccharide (LPS)-
stimulated human dental pulp cells (HDPCs) and to identify the underlying signaling pathway mechanisms. The 
study established a wound-healing model of the dentin-dental pulp complex in vivo and LPS-induced dental pulp cell 
inflammation in vitro. In vivo, the results of hematoxylin and eosin staining demonstrated the obvious appearance 
of reparative dentin and odontoblast-like cells were arranged along the reparative dentin. Immunohistochemical 
examination demonstrated that Lin28 expression was increased by 72 h after cavity preparation but was decreased 
by 21 d after cavity preparation. In vitro, HDPCs were exposed to 100 ng/ml LPS for 24 h, and the expression of 
Lin28 was increased. Overexpression of Lin28 was associated with the downregulated expression of let-7b, let-7g 
and miR-98. These findings suggest that the wound-healing model was successfully established. Lin28 was involved 
in the reparative process of the dentin-dental pulp complex and HDPCs exposed to LPS, and Lin28/let-7 may be the 
underlying mechanism.
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Introduction

Dental pulp is considered a source of mesen-
chymal stem cells that are suitable for tissue 
engineering applications [1, 2]. It is known that 
dental pulp stem cells have the potential to dif-
ferentiate into several cell types, including 
odontoblasts, neural progenitors, osteoblasts, 
chondrocytes, and adipocytes [3, 4]. Damage 
to the dentin dental pulp by microbial irritan- 
ts and chemical and mechanical stimuli leads 
to the deposition of reparative dentin [5, 6]. 
Reparative dentin formation is essential for 
maintaining the integrity of the dentin structure 
during disease or trauma [7-9].

Lin28 is an RNA-binding protein that was first 
described in a Caenorhabditis elegans scre- 

en for heterochronic genes that regulate de- 
velopmental timing, and the protein plays an 
important role in stem cell biology, develop-
ment, metabolism and dysregulation in many 
human diseases [10, 11]. Recently, Shyh-Chang 
and George demonstrated that Lin28 can 
enhance tissue repair in mice [12, 13]. Con- 
ditional reactivation of Lin28 in adult mice 
markedly accelerates the wound-healing pro-
cess in the injured tissue of transgenic mice. 
Lin28 reactivation accelerates the regrowth  
of mesenchyme, cartilage, and bone follow- 
ing finger and ear injuries and improves hair 
regrowth by promoting anagen in hair follicles 
[13]. Lin28 might be capable of promoting 
repair in other postnatal tissues as well; how-
ever, whether it participates in the dentin-den-
tal pulp healing process remains unknown.
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The mammalian let-7 family comprises twelve 
members, including let-7a-1, let-7a-2, and let-
7a-3; let-7b; let-7c; let-7d; let-7e; let-7f-1 and let-
7f-2; let-7g; let-7i; and miR-98 [14-18]. Lin28 
stops the mature processing of let-7 at both the 
pri- and pre-miRNA steps. During embryogene-
sis, mature let-7 rises as Lin28 levels decline 
during ESC differentiation, fetal development 
and aging [11, 18, 19]. Ranging from emb- 
ryonic development to cancer and metabolic 
processes, the Lin28/let-7 axis is now recog-
nized as being central to maintaining a pro- 
per cell fate and to coordinating proliferation, 
growth, and energy utilization at the cellular 
level as well as metabolism, growth, develop-
mental timing, and tissue homeostasis in 
organisms [20, 21].

Lipopolysaccharide (LPS), a major component 
of the cell wall of gram-negative bacteria, se- 
rves a key role in pulpal, periodontal and peri-
apical disease through the production of vari-
ous proinflammatory-cytokines, including inter-
leukin (IL)-1β, IL-6, IL-8 and tumor necro- 
sis factor-α (TNF-α) [22, 23]. Human dental pu- 
lp cells (HDPCs) also have the ability to produce 
proinflammatory-mediators such as IL-1β and 
IL-8 and express adhesion molecules such as 
vascular cell adhesion molecule-1 (VCAM-1) 
and intercellular adhesion molecule-1 (ICAM-1) 
in response to LPS [24]. The purpose of this  
in vitro study was to evaluate the effect of  
LPS on Lin28 expression in HDPCs.

The present study investigated the dentin-den-
tal pulp complex for dentin regeneration in  
an animal model. Responses of odontoblasts 
and pulp cells to cavity preparation were in- 
vestigated in the upper first molar teeth of  
rats. By constructing the wound-healing mo- 
del of the dentin-dental pulp complex in vivo 
and LPS-induced dental pulp inflammation in 
vitro, we examined whether Lin28 can partici-
pate in the repair process and investigat- 
ed the molecular mechanism of the repair pro- 
cess with the aim of gaining novel insights into 
the treatment of dentin-dental pulp damage.

Materials and methods

Construction of the wound-healing model

Fifty-six adult Sprague-Dawley (SD) rats (28 
male and 28 female), weighing 180-220 g, 

were obtained from Xi’an Jiaotong University 
Animal Care (Xi’an, China) and were approv- 
ed for use by a committee at Xi’an Jiaotong 
University (Xi’an, China). The rats were kept  
for approximately one month at room tem- 
perature with free access to food and were  
randomly divided into seven groups; one con-
trol and six experimental. Maxillary bones were 
collected in each of the groups at intervals  
of 0 h, 72 h, 7 d, 14 d and 21 d after cavity pre- 
paration. 

Tissue preparation

The animals were anesthetized by intraperito-
neal injection of Nembutal (40 mg/kg of body 
weight). A groove-shaped cavity was prepar- 
ed on the mesial surface of the upper first 
molar by using an air turbine with a tungs- 
ten carbide bur (0.5 mm in diameter). The cavi-
ty depth was ~0.5 mm (~2/3 of the dentin)  
and was left without any further treatments 
such as air drying or filling. The control ani- 
mals were left without any treatment. The 
whole procedure was carried out by an experi-
enced clinician, so that the size of the ca- 
vity prepared by the bur was standard. The ani-
mals were perfused with physiological sa- 
line until the pouring liquid became clear and 
the limbs of the rat became white, and then 
were perfused with 4% paraformaldehyde. The 
maxillae were removed and immersed in 4% 
paraformaldehyde for an additional 48 h at 
4°C, and then decalcified in 10% disodium eth-
ylenediaminetetraacetic acid (EDTA) for one 
month (pH 7.4). The specimens were dehydrat-
ed and embedded in paraffin. Sagittal sections 
were ~5 μm thick.

Hematoxylin and eosin staining

Sagittal sections were approximately 5 μm 
thick. The sections were dewaxed by xylene I,  
II for 20 min and immersed in 100% alcohol I,  
II for 10 min, after which they were immers- 
ed in 95%, 80% and 70% alcohol for 5 min. 
Hematoxylin was used to stain the sections for 
5 min, followed by eosin staining for 15 s at 
room temperature. Finally, the sections were de- 
hydrated and sealed by neutral balsam.

Immunohistochemical staining

After deparaffination, the sections were wash- 
ed three times in phosphate-buffered saline 
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(PBS) and then treated with 3% H2O2 in  
PBS for 30 min at room temperature to in- 
hibit endogenous peroxidase. Before incuba-
tion with primary antibodies, normal goat 
serum was used for blocking non-specific bind-
ing at room temperature for 20 min. Sections 
were incubated overnight at 4°C with Lin28 
(1:50 dilution; ab46020; Abcam, Cambridge, 
UK) primary antibodies. After rewarming for 1 h 
at 37°C, sections were incubated with goat 
anti-rabbit IgG conjugated with peroxidase 
polymer (Boster Bioengineering, Wuhan, China) 
for 40 min at 37°C. Detection was perform- 
ed by 3,3’-diaminobenzidine (DAB) and hema-
toxylin. These sections were observed under a 
light microscope. 

LPS-induced dental pulp inflammation

Extracted third molars or premolars were col-
lected from patients (18-25 yr old) at Sto- 
matology Hospital, Xi’an Jiaotong University. 
Informed consent was obtained from the pa- 
tients, and the study was performed with the 
approval of the ethics committee of Xi’an 
Jiaotong University. The tooth was split with a 
hammer, and the dental pulp tissue was  
separated from the tooth, minced into small 
pieces by surgical scissors, and digested with  
3 mg/ml collagenase type I (Sigma, St Louis, 
MO, USA) for 30 min at 37°C. The tissue pieces 
were seeded into a 35-mm2 cell culture plate 
(Corning Incorporated, Corning, NY, USA) and 
cultured in α-minimum essential medium 
(α-MEM, HyClone, Logan, Utah, USA) supple-
mented with 20% fetal bovine serum (FBS, 
Gibco, Grand Island, NY, USA). After the cells 
reached 70-80% confluence, the HDPCs mi- 
grated from the tissue were collected and  
subcultured. The cells obtain-ed between pas-
sages three and five were used in the subse-
quent experiments.

Enzyme-linked immunosorbent assay 

Cells were incubated with 10 ng/ml, 100 ng/
ml, 1 μg/ml and 10 μg/ml E. coli LPS (Sig- 
ma, St. Louis, MO, USA) for 24 h. The medium 
of each sample was collected and assay- 
ed. The levels of IL-1β and IL-8 were determin- 
ed by means of an enzyme-linked immunosor-
bent assay kit (ELISA, cat. No. EHC008. 
Shenzhen, China) according to the manufac-
turer’s protocol and calibrated spectrophoto-

metrically with a standard curve. The experi-
ments were performed in triplicate. 

Cell proliferation assay

The proliferation activity of HDPCs was mea-
sured using a commercial CCK-8 kit (Dojindo, 
Dongjing, Japan) according to the manufactur-
er’s protocol. Cells were plated in 96-well plates 
at a density of 4×103 cells/well in α-MEM  
supplemented with 10% FBS at 37°C in 5% 
CO2. When the cells reached 40% confluence, 
the HDPCs were treated with 10 ng/ml, 100 
ng/ml, 1 μg/ml and 10 μg/ml E. coli LPS for 24 
h. Then, 10 μl of CCK-8 solution was added  
into each well and the cells were further cul-
tured for 4 h in a humidified atmosphere. The 
absorbance of each group (n=5) was measur- 
ed at a test wavelength of 450 nm on 96-well 
plates using a microculture plate reader and 
was directly proportional to the number of liv- 
ing cells. The proliferation assays were per-
formed three times. The background absor-
bance of the medium without cells was 
subtracted.

Real-time RT-PCR

Total RNA was isolated from the cells with 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's protocol. The 
quantity and quality of the isolated RNA was 
tested using a NanoDrop 2000 spectrophotom-
eter measuring the absorbance at 260/280 
nm. Reverse transcription was performed in a 
10 µl RT reaction containing 500 ng of total 
RNA, while the mature miRNA was reverse tran-
scribed using miRNA-specific primers, accord-
ing to the manufacturer’s protocol (Takara, 
Dalian, China). qRT-PCR was performed with 
SYBR-Green Real-Time PCR Master Mix Plus 
(Takara, Dalian, China) in a 20 μl reaction mix-
ture using an FTC-3000TM System (Funglyn 
Biotech Incorporated, Toronto, Canada). The 
thermocycling conditions were 95°C for 30 s 
for initial denaturation, followed by 40 cycles  
of 95°C for 5 s, 60°C for 30 s and 72°C for  
30 s. The primers used are listed in Table 1. 
Each measurement was performed in triplicate 
for each sample and a dissociation curve analy-
sis was conducted for each PCR. U6 and β-actin 
were used as controls for the miRNA and mRNA 
levels, respectively. Relative quantitation was 
calculated using the 2-ΔΔCt [25] method.
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Western blot analysis

Total protein was extracted from cells treat- 
ed with 100 ng/ml LPS, in a growth medium  
for 48 h, using ice-cold RIPA buffer (Beyotime,  
Shanghai, China), containing 1 mM phenyl-
methanesulfonyl fluoride (PMSF). The protein 
concentrations were determined using a BCA™ 

protein assay kit (Thermo Scientific Pierce, 
Rockford, IL, USA). The total quantity of protein 
loaded onto each lane of the gel was 100-300 
μg. The proteins were separated by 10% sodi-
um dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) at 65 V for 45 min and 95 
V for 1 h and transferred to polyvinylidene di- 
fluoride (PVDF) membranes (Pall Gelman La- 

Table 1. Primer pairs used for quantitative real-time PCR
Gene Primer name Sequence (5’-3’)
Lin28 Forward primer GGAGCCAAGCCACTACATTC

Reverse primer GGGTGAGCATAGAGCAGCAG
IL-8 Forward primer TTTCAGAGACAGCAGAGCACACAA

Reverse primer CACACAGAGCTGCAGAAATCAGG
IL-1β Forward primer CCAGGGACAGGATATGGAGCA

Reverse primer TTCAACACGCAGGACAGGTACAG
β-actin Forward primer AGCGAGCATCCCCCAAAGTT

Reverse primer GGGCACGAAGGCTCATCATT
Let-7a RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACTATA

Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTTGAGGTAGTAGGTTG

Let-7b RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACCAGGGAA
Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTTGAGGTAGTAAGTTG

Let-7c RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACGCTCCAA
Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTTGAGGTAGTAAGTTG

Let-7d RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACTATG
Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTAGAGGTAGTAGGTTG

Let-7e RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACTATA
Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTTGAGGTAGGAGGTTG

Let-7f RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACTAT
Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTTGAGGTAGTAGATTG

Let-7g RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACTGTA
Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTTGAGGTAGTAGTTTG

Let-7i RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACAGCA
Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTTGAGGTAGTAGTTTG

Mir-98 RT-primer GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACAATA
Forward primer ATCCAGTGCGTGTCGTG
Reverse primer TGCTTGAGGTAGTAAGTTG

U6 RT-primer GCTTCGGCAGCACATATACTAAAAT
Forward primer GCTTCGGCAGCACATATACTAAAAT
Reverse primer CGCTTCACGAATTTGCGTGTCAT
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boratory Corporation, Ann Arbor, MI, USA) at 
250 mA for 1 h. After blocking with 5% bovine  
serum albumin (BSA) in Tris-buffered saline 
Tween-20 (TBST) 2 h at room temperature, the 
membranes were incubated with rabbit anti-
human Lin28 (1:1,000) (ab46020; Abcam, 
Cambridge, UK) or mouse anti-human β-act- 
in (1:10,000) (Trans HC201, Beijing, China) 
antibodies overnight at 4°C. β-Actin was used 
as an internal control. Next, the membranes 
were incubated with horseradish peroxidase 
conjugated anti-rabbit (1:5000) (Trans HS101) 
or anti-mouse (1:10000) (Trans HS201) sec-
ondary antibodies in TBST for 2 h at room tem-
perature with gentle agitation. Proteins were de- 
tected using an enhanced chemiluminescence 

Figure 1. Histochemical staining of the injured dentin-dental pulp complex by 0 h and 72 h and the control teeth. (A, 
B) The odontoblast layer, the cell-free zone, the cell-rich zone and the subjacent pulp tissue could be seen clearly in 
the control teeth (A, ×100) after cavity preparation and 0 h (B, ×100). (C) The blood vessels expanded by 72 h, and 
the predentin became thick (C, ×100).

Figure 2. Histochemical staining of the injured dentin-dental pulp complex by 7 d, 14 d and 21 d. (A, B) The cells 
were obviously proliferated with the formation of reparative dentin by 7 d (A, ×100; B, ×400). (C, D) A large amount 
of reparative dentin had formed by 14 d (C, ×100; D, ×400). (E, F) The newly differentiated odontoblasts were ar-
rayed in an orderly fashion along the reparative dentin by 21 d (E, ×100; F, ×400).

kit (Millipore, Billerica, MA, USA). Densitometry 
analyses were performed, and the values for 
target proteins were normalized to those of 
β-actin.

Statistical analysis

Statistical analysis was performed with SPSS 
17.0 software (SPSS, Incorporated, Chicago, IL, 
USA). The data are expressed as the mean ± 
standard deviation. All the experiments were 
performed at least three times. One-way analy-
sis of variance was used to compare between 
groups. The Student’s t-test was used to com-
pare between groups. P < 0.05 was considered 
to indicate a statistically significant difference.
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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.

Effects of LPS on the expression of inflamma-
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-
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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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