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ABSTRACT
Rodent incisors grow throughout the animal0s lives, and the tooth‐forming cells are provided from proximal ends of the incisors where the tooth
epithelium forms a stem cell niche called cervical loop. The committing cells in a cervical loop actively begin to proliferate (pre‐ameloblasts), and
differentiating into ameloblasts. This study showed that the lower incisors of mice null for CD61 (CD61�/�), also known as integrin b3, were
significantly shorter than those of the wild‐typemice at 8‐week‐old. The protein andmRNA expressions levels of Fgfr2, Lgr5, and Notch1, which
are known to be involved in pre‐ameloblastic cell proliferation and stem cell maintenance, were reduced in the cervical loop of 2‐week‐old
CD61�/� mice. The proliferation of pre‐ameloblasts was reduced in CD61�/� ameloblasts. The siRNA‐mediated suppression of CD61 (siCD61)
reduced the proliferation of pre‐ameloblastic cell line ALC, and the expression levels of Lgr5 and Notch1 were reduced by the transfection with
siCD61. The suppression of Lgr5 by transfection with siLgr5 suppressed the proliferation of the ALC cells. These results suggested that CD61
signaling is required for the proper growth of the cervical loop and for the promotion of the proliferation of pre‐ameloblastic cells through Lgr5.
J. Cell. Biochem. 114: 2138–2147, 2013. � 2013 Wiley Periodicals, Inc.
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Unlike other teeth of mammals, incisors of rodents grow
continuously, and therefore, dental stem cells are preserved

throughout their lives. The stem cells of the incisors reside at their
proximal ends where the dental epithelium forms a cervical loop
[Harada et al., 1999]. The cervical loop is composed of stellate
reticulum (SR) in the core and the basal epithelial layer surrounding
the SR region. The basal epithelial layer consists of an inner enamel
epithelium (IEE) facing the dental mesenchyme and an outer enamel
epithelium (OEE) facing the dental follicle. After being committed, the
SR cells enter into the proximal end of IEE and become transit‐
amplifying (TA) cells, called pre‐ameloblasts. Pre‐ameloblasts
actively proliferate, move distally, and differentiate into ameloblasts
[Harada et al., 1999]. The SR cells facing the IEE differentiate
into stratum intermedium (SI) cells, which support ameloblast
function.

Cell proliferation of mouse incisor cervical loops is controlled by
coordination of various signalings including bone morphogenetic
proteins (BMPs) [Munne et al., 2009; Wang et al., 2007], fibroblast
growth factors (FGFs) [De Moerlooze et al., 2000; Ohuchi et al., 2000;
Wang et al., 2007; Klein et al., 2008; Lin et al., 2009; Parsa
et al., 2010], Notch [Harada et al., 1999; Tummers and Thesleff, 2003],
and several transcription factors [Thomas et al., 1997; Laurikkala
et al., 2006]. BMPs expressed in the dental mesenchyme adjacent to
the cervical loop suppress the expression of FGFs in the mesenchyme
[Wang et al., 2007], and the mesenchymal FGFs maintain the SR cells
and promote the proliferation of TA cells. Among those FGFs, Fgf10 is
required for cervical loop formation and promotes the proliferation
of both TA and SR cells [Harada et al., 1999; Harada et al., 2002].
Fgf10 binds to FGF receptor 2 (Fgfr2) [Ohuchi et al., 2000], and the
disruption of Fgfr2 in the dental epithelium causes a strong reduction
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in the proliferation of dental epithelial cells, resulting in the severe
dysplasia of incisors [Lin et al., 2009; Parsa et al., 2010]. TA cells
express lunatic fringe, a Notch signaling modulator that is thought to
maintain SR cells through Notch1 [Harada et al., 1999], and the
disruption of FGF signaling causes the loss of Notch1 expression
[Parsa et al., 2010]. In addition to FGF and Notch signaling, the
expression of leucine‐rich repeat‐containing G protein‐coupled
receptor 5 (Lgr5), a putative epithelial stem cell marker, in cervical
loops has been reported [Suomalainen and Thesleff, 2010].

Lgr5, also known as GPR49, is a seven‐transmembrane‐domain
receptor of the R‐spondin family, and is known as a one ofWnt target
genes [van de Wetering et al., 2002; Van der Flier et al., 2007; Glinka
et al., 2011; de Lau et al., 2011]. The expression of Lgr5 is observed in
TA cells of several epithelial tissues, including the gastrointestinal
tract and hair follicles, and Wnt signaling has been shown to induce
the expression of Lgr5 in these tissues [Sato et al., 2006; Barker
et al., 2007; Jaks et al., 2008]. Lgr5 positive cells can form a complete
epithelial structure of hair follicle, stomach, intestine, and colon in
vitro [Sato et al., 2006; Jaks et al., 2008], and can regenerate a colon
epithelial structure from a single cell in vivo [Yui et al., 2012]. Thus,
Lgr5 is thought to be a stem cell marker for these tissues. In mouse
dental epithelium, the expression of Lgr5 is observed in SR cells of
embryonic cervical loops of embryonic Day 16 E16) and E18
[Suomalainen and Thesleff, 2010]. However, unlike other tissues, the
cervical loops of mouse lower incisors do not express anyWnt ligand,
nor do they exhibit canonical Wnt signaling [Suomalainen and
Thesleff, 2010].

CD61, also known as integrin b3, is a cell surface molecule
belonging to the integrin family. CD61 forms heterodimers with
integrin aIIb or av, and these heterodimers bind to various
extracellular matrices [Nieswandt and Watson, 2003]. Previous
studies have shown that CD61 signaling is related to various
physiological processes including stem‐cell maintenance and platelet
function [Nieswandt and Watson, 2003; Asselin‐Labat et al., 2007;
Umemoto et al., 2012]. Mutations in human CD61 cause Glanzmann
thrombasthenia (GT), which is characterized by impaired platelet
function [George et al., 1990; Chen et al., 1992]. Because mice lacking
CD61 (CD61�/�) exhibit abnormalities similar to those of GT patients,
CD61�/� mice are recognized as an animal model of GT [Hodivala‐
Dilke et al., 1999]. CD61�/� mice also exhibited osteosclerosis and
intimal hyperplasia after vascular injury [McHugh et al., 2000; Smyth
et al., 2001]. In mouse teeth, CD61 is expressed in the epithelial rests
of Malassez (ERM), and is thought to be related to the proliferation of
ERM cells during tooth movement and in primary culture [Talic
et al., 2004; Nezu et al., 2011]. The present study investigated the teeth
of CD61�/� mice, and found that lower incisors were shorter than
were those of wild‐type mice. Although physiological importance of
the integrin signaling, the role of integrin signaling for tooth growth
is largely unknown. The aim of this study is to investigate the mech-
anism that integrin signaling control the ameloblast proliferation.

MATERIALS AND METHODS

ANIMALS
C57BL/6‐Ly5.2 and C57BL/6‐Ly5.1 mice were obtained from Sankyo
Labo Service (Tokyo, Japan), and CD61�/� mice were obtained from

The Jackson Laboratory (Bar Harbor, ME, USA). All of the animal
experiments were performed according to the “Guidelines of Tokyo
Women0s Medical University on Animal Use,” the “Principles of
Laboratory Animal Care” formulated by the National Society for
Medical Research, and the “Guide for the Care and Use of Laboratory
Animals” prepared by the Institute of Laboratory Animal Resources
and published by the National Institutes of Health (NIH Publication
No. 86‐23, revised 1985).

X‐RAY COMPUTED TOMOGRAPHY (CT)
Skeletal preparations of 8‐week‐old mouse skulls were prepared as
previously described [Mustonen et al., 2003]. Micro‐CT images of the
mandibular skeletal preparations were obtained using a SkyScan1076
(Skyscan, Kontich, Belgium). The micro‐CT images were recon-
structed, and scatter and X‐ray images were obtained using VG
Studio MAX (Nihon Visual Science, Tokyo, Japan). Length of the
lower incisor (arch a and b in Fig. 1, Appendix Fig. A1) and mandible
(line a–c–d in Fig. 1, Appendix Fig. A1) [Atchley et al., 1985] were
measured using Image J (National Institutes of Health, Bethesda, MD,
USA).

RNA EXTRACTION, cDNA SYNTHESIS, AND POLYMERASE CHAIN
REACTION (PCR)
Cervical loop collection, RNA extraction, cDNA synthesis, and PCR
reaction were performed as previously described with some
modification [Yoshida et al., 2012]. The following TaqMan probes
were used: Amelogenin (Amelx, Mm01166221_m1), E‐cadherin
(Cdh1, Mm01247357_m1), Bmp4 (Mm00432087_m1), CD61 (Itgb3,
Mm00443980_m1), Fgf3 (Mm00433289_m1), Fgf10 (Mm00433275_
m1), Fgfr2 (Mm01269930_m1), Lgr5 (Mm00438890_m1), Notch1
(Mm00435249_m1), Rpl4 (Mm01171353_g1), Shh (Mm00436528_
m1). Rpl4 were utilized as the internal control genes.

TISSUE PREPARATION, HISTOLOGY, AND IMMUNOHISTOCHEMISTRY
The mouse tissues were fixed with 4% paraformaldehyde, and
decalcified withMorse0s solution [Morse, 1945; Nakatomi et al., 2006]
before embedding in paraffin. Immunostaining was performed as
described previously [Laurikkala et al., 2006; Yoshida et al., 2010].
The following primary antibodies were used at the indicated dilutions
after antigen retrieval using Antigen Unmasking Solution for 10min
(H3300, Vector Laboratories, Burlingame, CA): Fgfr2 (1:1, ab27481,
Abcam, Cambridge, UK), Lgr5 (1:100, ab27526, Abcam), Notch1
(1:100, ab75850, Abcam), phospho‐histone H3 (1:800, 06‐570,
Millipore, Billerica, MA), type IV collagen (1:500, ab19808, Abcam),
and E‐cadherin (1:200, 13900, Life Technologies, Carlsbad, CA,
1:200).

ALC CELL CULTURE, siRNA TRANSFECTION, AND CELL
PROLIFERATION ASSAY
The ALC cells were cultured as previously described [Nakata
et al., 2003]. Each siRNA was mixed with Opti‐MEM (Life
Technologies), and transfected into cells with Lipofectamine
RNAiMAX (Life Technologies) using the reverse transfection method
according to the manufacturer0s protocol. The siRNAs for the
following genes were purchased from Life Technologies (Cat. No.
4390771): CD61 (Itgb3, s233398), Notch1 (s70699), and Lgr5
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(s65961). Silencer Select Negative Control (siCont, 4390846) was used
as a negative control. The cells were plated in 96‐well plates at a
density of 1.5� 103 cells/well, and the number of cells was measured
at 48 h after transfection using the CellTiter 96 AQueous One Solution
Cell Proliferation Assay (Promega, Fitchburg, WI). The absorbance of
the medium was normalized to that of the siCont transfected cells.

WESTERN BLOT ANALYSIS
Proteins were extracted using lysis buffer (9803S, Cell Signaling,
Beverly, MA) supplemented with a protease inhibitory mix (1:100 80‐
6501‐23, GE Healthcare, Little Chalfont, United Kingdom) and Halt
Phosphatase Inhibitor Cocktail (78420, Thermo Fisher Scientific,
Waltham, MA). The samples (50mg per lane) were applied to Nupage
Bis–Tris Precast Gels (NP0321BOX, Life Technologies), separated by
electrophoresis, and electrotransferred onto nitrocellulose mem-
branes using the iBlot gel transfer system (IB1001, Life Technologies).
The membranes were blocked with 5% ECL prime blocking reagent
(RPN418, GE Healthcare) in TBST (blocking solution), followed by
incubation with antibodies against CD61 (1:1,000, Ab75872, Abcam),
the phosphorylated form of JNK1/2/3 (pJNK, 1:1,000, 2155‐1,
Epitomics, Burlingame, CA), total JNK (1:1,000, #9258, Cell
Signaling), pErk1/2 (1:500, V803A, Promega), Erk1/2 (1:1,000,
#4695, Cell Signaling) pAkt (1:1,000, 2118‐1, Epitomics), Akt
(1:1,000, #9272, Cell Signaling), and b‐actin (1:1,000, MAB1501R,
Millipore), at the indicated concentrations in the blocking solution.
The membranes were incubated with peroxidase‐linked anti‐rabbit or
anti‐mouse IgG (NA934VS, NA931VS, GEHealthcare, respectively) at

1:20,000 in blocking solution, followed by detection using the ECL
PrimeWestern Blotting Detection Reagent (RPN2232, GE Healthcare).
The chemiluminescence was visualized using LAS 4000 UV mini
(Fujifilm, Tokyo, Japan), and the intensity of each band was
quantified using Multi Gauge (Fujifilm).

DATA ANALYSIS
All of the values are expressed as the mean� SEM. All of the samples
were analyzed using Student0s t‐tests, and values of P< 0.05 and
P< 0.01 were considered statistically significant.

RESULTS

CD61 DEFICIENT MICE EXHIBITED SHORTER LOWER INCISOR
CD61was expressed in the cervical loop, and the quantitative RT‐PCR
revealed the lack of wild‐type (WT) CD61 mRNA in CD61 deficient
(CD61�/�) mice (Appendix Fig. A2). Skeletal preparations of 8‐week‐
old WT and CD61�/�mice revealed that CD61�/� mice had a normal
head size, number of teeth, and no abnormalities with respect to size,
shape, and color were observed in molars (data not shown). However,
the lower incisors of CD61�/� mice lacked pigmentation on their
labial surfaces [Yoshida et al., 2012], and the positions of cervical
loops were lower than were those in the lower incisors of WT mice
(Fig. 1A–F). No significant abnormality was observed in the enamel
structure of the CD61�/� lower incisors [Yoshida et al., 2012].
Statistical analysis revealed that relative length of the CD61 mutant

Fig. 1. Micro‐CT analysis of the mandibular skeletal preparations. Micro‐CT images of the mandibles of 8‐week‐old WT (A,B), CD61þ/� (C,D), and CD61�/� (E,F) mice. A,C,E:
Scatter images of the mandibles from the lingual side. A ridge corresponding to the proximal end of the lower incisor is observed in the middle of the mandibular ramus (arrowhead)
in WT and CD61þ/� mice (A,C), but is barely observed in the CD61�/� mandible (E). B,D,F: X‐ray images of the mandibles. G: Relative length of the lower incisors of the WT,
CD61þ/�, and CD61�/� mice. The bars and lines represent the means and SEMs of five samples (�P< 0.05, ��P< 0.01).
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lower incisors were significantly shorter than length of the WT lower
incisors in genotype dependent manner (Fig. 1G).

Histological analysis confirmed the lower position of cervical loops
in CD61�/� mice relative to the position in WT mice. The proximal
ends of cervical loops were closer to mandibular 2nd molars in
CD61�/� mice than in WT mice (Fig. 2A,D). Two‐week‐old CD61�/�

mice had slightly shorter lower incisors than that inWTmice (Fig. 2G,
J). No significant histological abnormality was observed in the
cervical loop structure, ameloblasts, and dentin and enamel
formation appeared normal in both 2‐ and 8‐week‐old mice
(Fig. 2A–L).

GROWTH OF CERVICAL LOOP WAS REDUCED IN CD61-/- MICE
The expression levels of Fgfr2, Notch1, and Lgr5 were reduced in
proximal ends of the CD61�/� lower incisors compared with that in
the WT lower incisors, whereas the expression levels of ameloblastic

genes, including Amelogenin, Shh, and E‐cadherin and dental
mesenchymal genes, including Fgf3, Fgf10, and Bmp4, were
comparable (Fig. 3).

In the cervical loops of 2‐week‐old CD61�/�mice, localizations of
an adherens junction protein E‐cadherin and a basement membrane
component type IV collagen were comparable to those in WT mice
(Fig. 4A,C, data not shown). The expression of a cell proliferation
marker phosphorylated‐histone H3 (pHistone H3) exhibited slight,
but statistically significant, reduction (Fig. 4B,D,E). InWTmice, Fgfr2
was detected in IEE, OEE, and SR of cervical loops (Fig. 4F). Lgr5 was
localized in TA cells of cervical loops (black arrowhead in Fig. 4G),
and Notch1 was detected in SI cells (black arrowhead in Fig. 3H). The
expression of Fgfr2, Lgr5, and Notch1 were reduced in the cervical
loop of 2‐week‐old CD61�/� mice compared with that of WT mice
(Fig. 4I, white arrowhead in Fig. 4J,K). Reductions in the expression
levels of these genes were also observed at 8 weeks (data not shown).

Fig. 2. Histological analysis of WT and CD61�/� mandibles. Hematoxylin and eosin staining of 8‐week‐old (A–F) and 2‐week‐old (G–L) WT (A–C,G–I) and CD61�/� (D–F,J–L)
mandibles. A,D,G,J: Lower‐magnification image of the lower incisor. The position of the 2nd molar is indicated as “2nd.” Scale bars: 250mm. B,E,H,K: Higher‐magnification images
of secretary‐stage ameloblasts. “a,” “e,” “d,” and “o” indicate ameloblasts, enamel, dentin, and the odontoblast layer, respectively. Scale bars: 50mm. C,F,I,L: Higher‐magnification
images of the cervical loop. Scale bars: 50mm.
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CD61 SIGNALING PROMOTED THE PROLIFERATION OF
AMELOBLASTIC CELL
To investigate the role of CD61 in ameloblast proliferation, the
pre‐ameloblastic cell line ALC was used for knock‐down assays.
In ALC cells, transfection with 20 nmol/L or 40 nmol/L siRNA
targeting CD61 (siCD61) significantly reduced both mRNA and
protein expressions of CD61 than the cells treated with control
siRNA (siCont) at the same concentrations after 96 h (Figs. 5A and 6).
The transfection with siCD61 at 40 nmol/L significantly reduced
the expression of Lgr5 and Notch1 compared with that in same

amount of siCont‐transfected ALC cells after 96 h (Fig. 5B).
In contrast, the transfection with siCD61 did not affect the expression
of Fgfr2 after 96 h (Fig. 5B). The transfection with siCD61 at
20 and 40 nmol/L also resulted in the reduction of the ALC cell
number compared with the control cells after 48 h (Fig. 5C).
At that time point, the expression of Lgr5 already exhibited a
significant reduction by transfection with siCD61 at 40 nmol/L
compared with siCont at same amount, whereas the expression of
Notch1 was comparable to that in the siCont‐transfected cells
(Fig. 5D).

Fig. 3. Gene expression in theWT and CD61�/� cervical loops. The expression levels of the indicated genes in the proximal ends of 2‐week‐oldmice lower incisor were analyzed by
real‐time RT‐PCR. The bars and lines represent the means and SEMs of five samples (�P< 0.05, ��P< 0.01).
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The transfections with siLgr5 and siNotch1 significantly reduced
the expression of Lgr5 and Notch1 compared with that in siCont‐
transfected cells after 96 h (Fig. 5E,F). The number of siLgr5‐
transfected cells was significantly reduced compared with that of
siCont‐transfected cells after 48 h, whereas transfection with
siNotch1 had no effect on the ALC cell number (Fig. 5G).

The transfection of siCD61 resulted in the reduction of pJNK
1/2/3, and slight reduction of pAkt whereas the total amount of
each protein and amount of pErk 1/2 was not affected compared
with the transfection of siCont in ALC cells (Fig. 6, data not
shown).

DISCUSSION

This study found that a lack of CD61 in mice caused a shortening of
the lower incisors from 2 weeks of age and that the severity was
dependent on the genotype. Previous studies have reported the
expression of CD61 in ERM, but the role of CD61 signaling in tooth

development is largely unknown. The short lower incisor phenotype is
also observed in mice expressing dominant‐negative Fgfr2, and these
mice show a severe proliferation defect in the dental epithelium [Parsa
et al., 2010]. Thus, the short lower incisors observed in CD61�/� mice
was hypothesized to be caused by the reduced proliferation of
ameloblasts.

Previous studies have reported that FGF and Notch signaling
promote the proliferation and stem cell maintenance of cervical loop
cells [Harada et al., 1999, 2002; Klein et al., 2008; Lin et al., 2009;
Parsa et al., 2010], and the expression of a epithelial TA cell marker
Lgr5 in cervical loops has also been reported. Although the previous
study showed the expression of Lgr5 in SR region [Suomalainen and
Thesleff, 2010], but the expression of Lgr5 was detected in TA region
in this study. This may reflect the stage difference between these two
studies (E18, and 2‐week‐old, respectively). Both the mRNA and
protein expression levels of these genes were reduced in the cervical
loop of CD61�/�mice. Consistent to these results, the proliferation of
TA cells were slightly reduced in CD61�/� mice compared with
controls, and this was thought to be the cause of shorter lower incisor.

Fig. 4. Protein localization in theWT and CD61�/� cervical loops. Immunostaining analyses of collagen IV (A,C), pHistone H3 (B,D), Fgfr2 (F,I), Lgr5 (G,J), and Notch1 (H,K), and in
the cervical loops of 2‐week‐old WT (A,B,F–H) and CD61�/�mice (C,D,I–K). Scale bars: 50mm. E: Quantification of % pHistone H3 positive nucleus in TA region The bars and lines
represent the means and SEMs of six samples (�P< 0.05).
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However, these abnormalities were muchmilder than those due to the
disruption of FGF signaling, which led to the loss of incisors [Lin
et al., 2009; Parsa et al., 2010]. This result suggested that the residual
expression of these genes was sufficient to promote the proliferation
and differentiation of cervical loop cells, and that CD61 signaling
may play a supportive role in the growth of cervical loop.

The mouse pre‐ameloblastic cell line ALC was utilized in this study
to investigate the role of CD61 signaling in the proliferation of
cervical loop cells in detail. ALC cells are derived from mouse dental
epithelial cells, and express enamel‐related proteins, including
amelogenin and enamelin [Nakata et al., 2003; Takahashi
et al., 2007]. Thus, ALC cells have been used to investigate the

Fig. 5. Effect of siRNA transfection on ALC cells. The bars and lines represent the means and SEMs of three samples (�P< 0.01). A: Real‐time RT‐PCR analyses of CD61 expression
at 96 h after the transfection with siCD61 or siCont. B: Real‐time RT‐PCR analyses of Fgfr2, Lgr5, and Notch1 at 96 h after transfection with siCD61 or siCont. C: The number of ALC
cells at 48 h after transfection with siCD61 or siCont at 20 or 40 nmol/L. D: Real‐time RT‐PCR analyses of Lgr5 and Notch1 at 48 h after transfection with siCD61 or siCont. E: Real‐
time RT‐PCR analyses of Lgr5 expression at 96 h after transfection with siLgr5 or siCont. F: Real‐time RT‐PCR analyses of Notch1 expression at 96 h after transfection with siNotch1
or siCont. G: The number of ALC cells at 48 h after transfection with 40 nmol/L of siLgr5, siNotch1, or siCont.

Fig. 6. A: Western blot analysis of CD61 and phosphorylation of proteins involved in integrin signaling in ALC cells. The Western blot analysis of CD61, phosphorylated and
total protein of Jnk1/2/3 and Akt was performed using the protein extracted from ALC cells at 96 h after the transfection with siCont or siCD61. The numbers below the
bands indicate the relative intensities of the bands relative to the b‐actin band. B: Densitometric analysis of A. The bars and lines indicate the means and SEMs of four samples
(�P< 0.01).
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properties of ameloblasts in vitro [Tsuchiya et al., 2009; Lee
et al., 2010]. The TA cells (pre‐ameloblasts) of CD61�/� exhibited
the reduced proliferation and expression of proliferation related
genes, and ALC cells expressed Fgfr2, Lgr5, Notch1 as observed in TA
cells of cervical loop. Thus, the ALC cells were suitable for
investigating the role of CD61 signaling in the present study.
Transfection with siCD61 efficiently suppressed both the mRNA and
protein expression of CD61, and the suppression of CD61 resulted in
the reduction of ALC cell proliferation. Inconsistent with the results of
immunohistochemical and gene expression assays of CD61�/� in
cervical loops, the suppression of CD61 resulted in no effect on the
expression of Fgfr2. Although the expression of Notch1 exhibited
only a slight reduction at 96 h after transfection with siCD61,
transfection with siNotch1 had no effect on ALC proliferation. These
results suggested that Fgfr2 and Notch1 were not direct downstream
of CD61 signaling pathway. Although the reductions of Fgfr2 and
Notch1 might be involved in the development of short lower incisors
in CD61�/� mice, the reduction of Fgfr2 and Notch1 expressions
might be a secondary effects of CD61 deficiency. In contrast, the
expression of Lgr5was severely disrupted by the siCD61 transfection,
and siLgr5 suppressed the proliferation of the ALC cells, consistent
with the results of previous studies showing that Lgr5‐positive cells
actively proliferate [Barker et al., 2007; Jaks et al., 2008; Sato
et al., 2009]. The results of Western blot analysis of phosphorylated
proteins known to mediate integrin signaling suggested that CD61
signaling was predominantly based on the JNK and/or Akt pathways,
and not the Erk pathway. These results suggested that CD61 signaling
promoted Lgr5 expression, which positively regulated the prolifera-
tion of the ALC cells.

Although previous studies have reported the expression of Lgr5 in
lizard dental epithelial stem cells and the mouse cervical loop, the
signal inducing Lgr5 expression in the mouse dental epithelium is not
clear [Handrigan et al., 2010; Suomalainen and Thesleff, 2010]. In the
present study, both in vivo and in vitro results suggested that the
CD61 signaling up‐regulated Lgr5 expression in pre‐ameloblastic
cells. Correlations between integrin and Lgr5 are also observed in hair
follicle and mammary epithelial cells. In hair follicle stem cells, Lgr5‐
expressing cells also express integrin a6 [Jaks et al., 2008], and
mammary progenitor cells express both CD61 and Lgr5 [Asselin‐
Labat et al., 2007; Barker et al., 2007]. This study suggested the
relationship between CD61 and Lgr5, although the underlying
mechanisms remain to be elucidated. In conclusion, CD61 signaling
promoted the proliferation of pre‐ameloblastic cells through Lgr5,
and was partially responsible for the growth of the cervical loop of
mouse lower incisors.
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APPENDIX A

FIGURES A1 AND A2

Fig. A1. The length ofmandible was calculated by the sum of anterior (a–c) and
posterior (c–d) length of mandible (red line) [Atchley et al., 1985]. The length of
lower incisor was represented by the length of arch a–b (yellow line). Length of
each line was measured using Image J. a: anterior terminus of bone dorsal of the
incisor, b: proximal end of lower incisor, c: posterior margin of muscle insertion
area on ventral side of incisor ramus, d: posterodorsal tip of processus angularis
[Boell and Tautz, 2011].
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Fig. A2. Expression of CD61 in the cervical loops of 2‐week‐old mice. A: Immunohistochemical analysis of CD61 using antibody against CD61 (1:200, ab47584, Abcam) in the
cervical loops of 2‐week‐old mice. si, sr, iee, oee, and si indicate the stratum intermedium, stellate reticulum, inner and outer enamel epithelium, respectively. The box in A indicates
the area magnified in A0. Scale bar: 50mm. B: WT CD61 mRNA expression in the cervical loops of 2‐week‐old mice was analyzed by real‐time RT‐PCR. SYBR Green‐based
quantitative RT‐PCR for exon 1, which was removed in the mutant CD61 allele [Hodivala‐Dilke et al., 1999], using following primers; CD61 (forward: cctccgcaggaaaagcag, reverse:
agagcggcccagagttgt), GAPDH (forward: accacagtccatgccatcac, reverse: tccaccaccctgttgctgta). The bars and lines represent the means and SEMs of three samples (�P< 0.01).
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