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ABSTRACT 
 

INTRODUCTION. Periodontal disease and permanent tooth loss are rampant worldwide.  

Periostin, a “matricellular” protein within the periodontal ligament (PDL) of humans and 

mice, conveys change in mechanical loading to influence cell function, cell-matrix 

interactions, and periodontal tissue homeostasis.  Unlike humans, mice have continually 

growing incisors.  We hypothesized that growing incisor sheer stress and molar occlusal 

force mandate differential expression of Periostin isoforms to account for functional 

differences in cell-matrix communication in the PDL of these unique tooth domains. 

METHODS. Using a model of human periodontal disease, we evaluated dental tissue and 

alveolar bone changes in Postntm1Jmol homozygous mice using micro-CT scanning, photo-

radiography and histology.  Using reverse transcriptase and the polymerase chain reaction 

(RT-PCR), differential expression of Periostin isoforms in wild-type soft tissue 

surrounding the molar and incisor teeth was assessed. SUMMARY. Anatomical 

evaluation of mandibles from 3 week old and 4-7 month-old Periostin mutant and wild-

type mice revealed a space between the molars and the underlying incisor (n=4, U=0) in 

only the 4-7 month old homozygous mutant mice.  RT-PCR showed that the mouse 

(C57Bl/6J) only expresses a single isoform lacking 2 exons (ΔbΔe), unlike the 5 isoforms 

expressed in human PDL. CONCLUSIONS. We quantified an increase in the distance 

between mandibular molars and the underlying incisor in Postntm1Jmol homozygous 

mutants.  This is most likely the result of a functional/structural degradation of the 

periodontium and supporting bone suggesting a functional niche for Periostin exists, that 

is distinct from that found in the PDL. While we expected to find multiple PDL isoforms 

of Periostin that would correlate with functionally unique PDLs, our evidence suggests 

that only one isoform (ΔbΔe) of Periostin exists in adult mouse PDL. 
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INTRODUCTION  
 

Periodontal disease destroys the supporting structure of teeth (periodontium) 

including alveolar bone. Chronic inflammatory periodontal disease is initiated by an 

invasion and proliferation of bacteria into the gingiva and is perpetuated by constant 

challenge from the oral microbiome. Periodontitis appears to result from overexpression 

of pro-inflammatory pathways, as well as failure to activate inflammation resolving 

pathways to restore homeostasis (Cerutis et al., 2015). 

 

Periodontium 

The Periodontium is comprised of three specialized tissues that surround and 

support the teeth, allowing them to maintain function. It is comprised of alveolar bone, 

cementum, and periodontal ligament (PDL). Each of these components are distinct in 

their location, tissue composition, function, and method of adaptation.  

 

Alveolar Bone 

The portions of the maxilla and mandible that support the roots of the teeth is 

known as the alveolar process. They are comprised of the alveolar bone proper and its 

surrounding supporting bone. Alveolar bone proper is the thin shell comprised of 

compact bone that lines each socket and surrounds each tooth. This process serves as the 

bony attachment for the fibers of the PDL. The supporting bone consists of the compact 

cortical plates on the outer surfaces of the alveolar processes and the spongy bone 

between the cortical plates and the alveolar bone proper. The alveolar process develops as 
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a result of the eruption and radicular elongation of individual teeth. The thin bony plates 

separating individual tooth sockets are known as the interdental septums (IDS), while the 

developing bony septums between the roots of multi-rooted teeth are known as the 

interradicular septums (IRS). Alveolar bone will mature and elongate as teeth grow into 

functional occlusion and their roots become fully grown. If eventually the teeth are lost, 

the alveolar process will disappear, illustrating that teeth are important in the 

development and the maintenance of the alveolar bone (Avery et al., 1994).  

The alveolar bone proper is made up of a modified form of compact bone that 

contains fibers, known as Sharpey’s fibers, which perforate into the boney matrix. The 

collagenous fibers pierce into the alveolar bone proper at right or oblique angles to the 

bone. These fibrous connections are how the PDL attaches to the bone. This type of 

compact bone with frequently embedded bundles of collagen fibers is also known as 

bundle bone. Radiographically, this thin layer lining the tooth sockets appears 

radioopaque and is known as the lamina dura. The radioopacity of the lamina dura is due 

to mineral orientation around the bundles of fiber and the lack of nutrient canals 

supplying the area. This region of bone is maintained and remodeled by occlusal forces. 

Sites of compression exhibit bone resorption, while sites of tension exhibit bone 

deposition (Avery et al., 1994). 

The supporting bone is comprised of both compact and spongy bone. The 

compact bone in the alveolar process begins at the alveolar crest and extends to the lower 

border of the sockets on the lingual and buccal or labial sides. Histologically this tissue 

will contain radiating lamellae with osteocytes trapped in lacunae, canaliculi connecting 

adjacent lacunae, Haversian canals and Volkmann’s canals (running perpendicular to 
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Haversian canals. The spongy bone of the alveolar process is comprised of heavy 

trabeculae, which serve as supporting struts for the compact alveolar bone proper. 

Histologically spongy bone will contain osteocytes trapped in lacunae within the matrix, 

while the matrix will have osteoblasts or osteoclasts on the surface of the trabeculae. 

Between the bony trabeculae and compact bone will be medullary cavities that contain 

osteogenic cells, adipose tissue, and blood cells in various degrees of maturation (Avery 

et al., 1994). 

 

Cementum  

The calcified tissue covering the roots of the teeth is known as cementum. 

Cementum is less mineralized than bone, but histologically appears similar as it also 

contains cells within lacunae and exhibits incremental deposition lines, but lacks 

Haversian canals, blood vessels and nerves within its matrix. Cementum is typically 

limited to the root surface and is thinnest at the cementoenamel junction and thickest at 

the root tip where it surrounds the apical foramen. Cementum deposited prior to the tooth 

in functional occlusion is known as primary cementum, while secondary cementum is 

deposited after the tooth is in functional occlusion. The primary cementum that is 

deposited on the cervical 2/3 of the roots is acellular with extrinsic fibers (acellular 

extrinsic fiber cementum, ACEFC). The initial type of secondary cementum is deposited 

on the mid-to-apical 1/3 of the root and contains cells and intrinsic fibers (cellular 

intrinsic fiber cementum, CIFC). A mixture of cellular and acellular cementum with 

intrinsic fibers is formed by cementoblasts and fibroblasts near the apex of the tooth 
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(cellular mixed fiber cementum, CMFC). Collectively cementum functions to anchor the 

tooth to the alveolar bone by attaching to the fibers of the PDL (Avery et al., 1994). 

 

Periodontal Ligament 

The PDL is a specialized connective tissue that attaches teeth to the adjacent 

alveolar bone proper. Fibers of this ligament are embedded into the cementum on one 

side and alveolar bone on the other. The developing fibers of the PDL run obliquely in 

coronal fashion from tooth to bone. This ligament is in a constant state of remodeling 

throughout the lifespan of the entire tooth to accommodate for tooth shedding, eruption, 

and occlusal movements. This ligament is highly cellular and contains a rich nerve and 

blood supply. The fiber bundle groups of the PDL that connect the cementum and 

alveolar bone are named the principal fiber groups. Each principal fiber group is named 

for their unique orientation with respect to the tooth. The alveolar crest group is in the 

cervical region, the horizontal fibers appear mid-root, the oblique fibers are below the 

horizontal fibers, and the apical group are located at the apical area of the root. The 

gingival group of principal fibers contains the circumferential, transseptal, free, and 

attached fibers which function to attach the gingiva to the alveolar bone and cementum. 

Throughout the ligament are additional smaller fibers known as oxytalan fibers that 

surround vessel walls and run with the long axis of the tooth. Oxytalan fibers serve to 

support the surrounding principal fiber groups. Fibroblasts are the most prevalent cells 

within the PDL as they are responsible for manufacturing the high density of collagen 

found within the matrix. In addition to fibroblasts, osteoclasts and cementoclasts may be 

seen as large multinucleated cells sitting in their resorption lacunae and are responsible 
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for remodeling the hard tissues surrounding the PDL to allow for tooth shedding, eruption 

and movement (Avery et al., 1994).  

 

 

Periostin Protein 

Within the periodontium, periostin is specifically abundant in the periodontal 

ligament in humans and mice, where it functions as the mechanosensor to regulate the 

dynamic changes of occlusion based mechanical loads to influence cell-to-matrix-

interactions and cell function in order to mediate periodontal tissue homeostasis 

(Romanos et al., 2013). Periostin is expressed mainly in collagen rich tissues such as the 

C 

Periostin mRNA expressed by PDL fibroblasts(A & B). A) Low magnification of 
Periostin in situ hybridization signal (red) localizes to PDL fibroblasts. B) Higher-
magnification demonstrates PDL fibroblasts, but not osteoblasts or the cementoblasts, 
express Periostin mRNA. C). The murine Periostin gene has 23 exons and encodes 
838 amino acids. The known protein domains include and EMI domain, four 
consecutive FAS I domains (RD 1-4) and a hydrophilic carboxy-terminal region 
(CTR), which contains a heparin binding site.  A & B from (Rios et al. 2008).  	  

Figure 1. Periostin mRNA localization, exon structure and protein domains.  
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periosteum, periodontal ligament (PDL), placenta, cardiac valves, and vasculature. It has 

been shown to be upregulated during times of mechanical stress and tissue generation and 

repair (Hoersch et al., 2010). 

Periostin (Postn) is a murine gene which is 838 amino acids and 23 exons in 

length. It is orthologous to the human specific periostin protein with an 89.6% similarity 

according to Lipman-Pearson alignment. The known protein domains include an EMILIN 

family (EMI domain), followed by four consecutive fascilin-1 (FAS I) domains (RD 1-4), 

an extensive, hydrophilic carboxy-terminal region (CTR), which contains a heparin 

binding site (Figure 1). Through an unknown mechanism the EMI domain of periostin 

allows it to directly interact with type I collagen, fibronectin, and Notch I. Through its 

Fascilin I domains periostin interacts with Tenascin-C, Bone Morphogenic Protein-I 

(BMP-I), and transforming growth factor β (TGFβ-1) (Romanos et al., 2013) (Figure 2). 

Through TGFβ-1 periostin has high binding affinity to integrin receptors to influence 

fibroblast activity. Mechanical strain activates TGFβ-1, which increases Postn mRNA 

levels expressed in PDL fibroblasts to maintain homeostasis of the tissue. The C-terminal 

region has proven to impact the function of the Periostin and has been known to vary 

between different region specific isoforms of this gene (Yamada et al., 2014).  

Previous studies have shown that in culture, pro-inflammatory cytokines initially 

increase periostin levels in mechanically loaded human PDL fibroblasts, but chronic 

exposure significantly decreases periostin mRNA and protein production. This suggests 

periostin in the ECM has a threshold concentration necessary to maintain homeostasis of 

the periodontium (Hoersch et al., 2010). Microarray analysis and quantitative RT-PCR 

demonstrate significant temporal mRNA expression changes of inflammation related 
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genes that define gene networks in human primary gingival fibroblasts (Cerutis et al., 

2015). These data suggest that periostin secreting mouse PDL fibroblasts could 

communicate inflammatory signals into relevant gene expression changes. It is important 

to know if periostin plays any role in this communication because if Postn does not 

promote the PDL fibroblast response to inflammatory signals, then periostin could be a 

useful therapeutic to treat periodontal inflammation in vivo. Chronic periodontal disease 

could result from a deregulation of PDL fibroblast communication with the matricellular 

protein periostin, in order to prove this, further research involving POSTN needed to be 

conducted.  

Figure 2.  Actions of periostin in oral biology.   
Mechanical loading and tooth eruption Periostin protein stimulates direct effects on 
PDL cells and other cell matrix interactions, acting as a hub for promoting several 
key signaling pathways to exert effects on 4 key functions which includes the 
morphogenesis and maintenance of dental tissues (Adapted from Romanos et al., 
2013).   

PDL Morphogenesis 
PDL Maintenance 
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Table 1.  Engineered Postn gene mutations in mouse.   

 

Three independent research groups have engineered distinct null mutations in the 

mouse periostin (Postn) gene: Postntm1Jmol, Postntm1kudo, and Postntm1Sjc (Table 1).  All 3 

have found heart phenotypes and 2 of the 3 groups have demonstrated defective tooth and 

PDL morphology/histology (Ma et al., 2011; Rios et al., 2008; Kii et al., 2006; Rios et al., 

2005). The B6:129 Postn, Postntm1Jmol has not been characterized with respect to tooth 

and PDL morphological and histological defects. It will be essential to evaluate the 

phenotype of these Postn null mice in this mixed genetic background and confirm the 

oral craniofacial phenotype and thus its utility as a future model to study what effect 

periostin will have on the biology of the cell-to-cell interaction in the periodontium.  

If knockout (KO) mice exhibit a periodontitis like phenotype then data would 

support a signaling cascade from inflammation to alveolar bone loss that must operate 

through periostin. If true, future work would focus on identifying pathways in the 

periodontal disease pathogenesis and progression that involve cell-matrix biology 

through periostin.  

Allele 
Symbol Category Deletion/Replacement Periodontal 

Citations 
Total 

Citations 

PostntmJmol Targeted 
Null/Knockout 

Exons 4-
10/Neomycin 0 9 

PostntmKudo Targeted 
Null/Knockout Exon 1/Lox P site (Kii et al., 2006) 12 

Postntm1Sjc 
Targeted 

Null/Knockout, 
Reporter 

Partial Exon 1/LacZ-
Neomycin 

(Ma et al., 2011; 
Rios et al., 2008; 
Rios et al., 2005) 

15 
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Mouse Mandible Anatomy 

In order to recognize an abnormal mouse mandible phenotype, it is necessary to 

know what normal looks like. The mouse mandible or lower jaw is a paired bone that 

develops within the mandibular arch, embedding the teeth and forming an articulation of 

the jaw within the cranium through the temporal-mandibular joint. The early mouse 

mandible forms via intramembranous ossification, but secondary growth cartilages at its 

proximal end contribute to endochondrally-ossified components at later stages. It consists 

of coronoid, condylar, and angular processes attached to a ramus. The teeth are housed in 

two separate alveolar processes, a dorsal alveolar process supports three molars, and a 

larger ventrally located process supports the incisor. The mouse incisor is unlike the 

molars in that it is continuously growing within the alveolar bone and demonstrates all 

stages of tooth development at any one time. The labial crown and root of the incisor is 

covered with enamel while the lingual crown and root are covered with cementum. The 

incisor has an alveolus related aspect and a tooth related part. The former is localized 

closer to the alveolar bone while the latter is the zone that moves during the continuous 

eruption. Separating the alveolus related aspect from the tooth related aspect is the shear 

Figure 3.  Anatomy of the Mouse Mandible.   
(Adapted from Atchely et al., 1992).  	  
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zone of the PDL, where its fibers are constantly torn during the continuous eruption of 

the incisor (Atchley et al., 1992). 

 

Hypothesis 

As different isoforms of periostin are expressed in different tissues of the body 

that have different functions, it was hypothesized that: the growing incisor sheer stress 

and molar occlusal force mandate differential expression of Periostin isoforms to account 

for functional differences in cell-matrix communication in the PDL of incisor alveolus vs. 

the molar alveolus. The approach was to collect 3-week old and 4-7 month old tissue 

from Postn null homozygotes and their WT littermates in order to validate published 

enamel and molar phenotypes (Ma et al., 2011; Rios et al., 2008; Kii et al. 2006; Rios et 

al., 2005) and to look for PDL isoforms seen in the human system (Yamada et al., 2014).  
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MATERIALS & METHODS 
 

Dissection of Tissue Sample  

Periostin KO mice (PostntmJmol) were generated as previously described (Oka et 

al. 2007).  The animal use protocol was approved by Creighton University’s Institutional 

Animal Care and Use Committee (IACUC) (protocol #0973). Genotyping was 

determined by polymerase chain reaction (PCR) and agarose gel electrophoresis using 

genomic DNA isolated from tail clips and the following primers: Postn-U 5’-CCT TGC 

CAG TCT CAA TGA AGG-3’, Postn-wtL 5’-TGA CAG AGT GAA CAC ATG CC-3’ 

and Postn-mutL 5’-GGA AGA CAA TAG CAG GCA TGC TG.  The WT allele was 691 

nucleotide base pairs (bp) and the mutant KO allele was 500bp.  Tissue samples were 

obtained from mice following IACUC protocol #0973 and were used for three different 

procedures: micro-computerized tomography (µ-CT), radiography and hematoxylin, 

eosin (H&E) sectioning and staining, and RNA isolation for use in reverse transcription 

polymerase chain reaction (RT-PCR) followed by DNA sequencing.   

 

Micro-Computerized Tomography (µ-CT) 

Creighton University’s Osteoporosis Research Center conducted µ-CT in order to 

evaluate bone density and volume of Interdental and Interradicular septa and compare 

them to the total alveolar bone density and volume of wild type and periostin-null 

mandibles (n=2). The distance from the Cemento-Enamel-Junction (CEJ) to the alveolar 

bone crest was also evaluated. Due to a small n value, no statistical tests were performed 

on data obtained from the µ-CT scans.  
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Radiograph of Sample Tissue 

Four (four month old) wild type (n=4) and four (four month old) periostin-null 

(n=4) intact hemi-mandibles were sent to Dr. Tim Walker for lingual and buccal plane 

radiographs using a Planmeca Intra. Conditions that yielded the most contrast were as 

follows: 70Kvp, 8mA, 0.08 second exposure, captured on a #2 XDR (direct sensor) with 

a distance of 4.0 inches as measured from the front of the x-ray tube to the table top. 

From these radiographs four measurements (in mm) of the periodontium were taken in 

triplicate, and averaged to obtain quantifiable phenotypic differences. The measurements 

taken were the width of the first molar, width of the molar alveolus, width of the incisor, 

and the distance between the distal cusp of the first molar to the dorsal surface of the 

incisor. Parametric (T-test) and nonparametric (Mann-Whitney U-test) testing was 

performed to analyze the significance of the obtained measurements.  

 

Statistical Analysis 

The nonparametric Mann–Whitney U test statistic was calculated from rank 

transformations of radiograph measurements to test for differences due to genotype.  A 

table of critical U values for the Wilcoxon Mann–Whitney test was used to determine if 

calculated U values were statistically significant at a non-directional alpha =0.05.   

 

Embedding of Sample Tissue 

Extracted tissues were fixed in 4% Paraformaldehyde (PFA) and demineralized in 

0.5 Ethylenediaminetetraacetic acid (EDTA) for 3 weeks. Decalcified tissues were 
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dehydrated through an ethanol series (10%, 50%, 70%, 100%) and sent out for paraffin 

embedding to Creighton University’s Histology Core. 

 

Tissue Sectioning 

The Leica RM2125 rotary microtome was used to section paraffin embedded 

sections. The blade angle was set between 0o-3o and the section thickness was set to 7µm. 

The individual sections were fished out of the flotation bath in sequential order using 

labeled 75mm x 25mm x 1mm Fisher Scientific glass slides. Deparaffinization of the 

tissue samples occurred following the protocol in Table 2.  

 

Table 2. Deparaffinization technique stations 

Station Number Treatment Time (Minutes) 
1 Xylene 5 
2 Xylene 5 
3 Xylene 5 
4 1:1 EtOH (100%): Xylene 2 
5 100% EtOH 3 
6 95% EtOH 2 
7 80% EtOH 2 
8 75% EtOH 2 
9 50% EtOH 2 
10 dH2O 5 

 

H&E staining was performed on all successfully deparaffinized glass slides following the 

protocol in Table 3.   
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Table 3. H&E staining stations 

Station 
Number 

Treatment Duration 

1 1:4 Solution of Hematoxylin to 
dH2O 

5 minutes 

2 dH2O  2 minutes 
3 Acid Alcohol (230 mL EtOH, 70 

mL dH2O, 1 mL 12M HCL) 
30 seconds 

4 dH2O 2 minutes 
5 Ammonia Solution (1 L dH2O, 3 

mL 28% w/v NH4OH stock) 
10-15 seconds 

6 dH2O 5 minutes  
7 80% EtOH 5-10 seconds 
8 1:4 Solution of Eosin to 100% 

EtOH 
2.5 minutes 

9 95% EtOH Dip 5x 
10 95% EtOH Dip 5x 
11 100% EtOH Dip 5x 
12 100% EtOH  

 

Histologic Micrograph Analysis  

Analysis of the H&E stained slides was performed using a Leica DmLs 

microscope at 2.5x, 10x, and 20x magnification. Images were captured using an Olympus 

UC50 camera that interfaced with CellSens Standard software on a computer.  

 

RNA Isolation Technique 

Two extracted tissue samples, one with only molars (Tissue 1) and one with 

molars and incisor (Tissue 2), were placed into a precision machined stainless steel 

mortar and pestle, flash frozen using liquid nitrogen, then pulverized. Three hundred 

(300) µL of lysis buffer was added to the tissue, the tissue and lysis buffer mixture was 

then transferred to 1.5mL microcentrifuge tubes and total RNA was extracted using the 

mirVANA™ miRNA Isolation Kit (Ambion) using the kit’s standard protocol.   
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Table 4.  PCR primers for Hprt and Postn.   

Primer Sequence PCR size 
(bp) 

mHprt-799U 5’-CCTAAGATGAGCGCAAGTTGAA-3’ 
92 

mHprt-890L 5’-AGATGGCCACAGGACTAGAACA-3’ 

mPost-1990U 5’-TACATCCAAATCAAGTTTGTTCGTG-3’ 
390* 

mPost-2298L 5’-GAATTTCTGCAAGGTCTCTCCTG-3’ 

mPost-2276U 5’-CAGGAGAGACCTTGCAGAAATTC-3’ 
310* 

mPost-2585L 5’-CTGTTGGTTGTCATTTCAGATTCTG-3’ 

* size estimates based on full length splice isoform.   

 

RT-PCR Technique 

Reverse transcriptase (RT) random hexamer primers were used for cDNA 

synthesis from 1 µg total RNA isolated from Tissue 1 (molars) and Tissue 2 (molars and 

incisor). RT reactions contained the following components in a total volume of 10µL: 

0.8µL of 100mM each dNTPs, Multigrade™ reverse transcriptase (1µL, 50u/µL), 1.5µL 

10x RT buffer, 1.0µL RNase inhibitor, and 1.5 µL 10x random hexamers. The RT 

reaction were incubated in a thermal cycler as follows: 25°C – 10 minutes, 37°C – 120 

minutes, 85°C – 5sec, and 4°C – Hold.  PCR of the resulting cDNAs were in a total 

volume of 20µL using DNA primer sets to amplify Hprt (used as positive control), Postn 

exons 16-20 (PCR 1) and Postn exons 20-23 (PCR 2).  Figure 4 provides the location and 

overlap of Postn PCR1 and PCR2.  PCR reactions included 2µL RT cDNA, 4pmol of 

each primer, 2µL 10X PCR buffer with 2mM MgCl2, 2µL 100 mM dNTP mix, and 1µL 

FastStart™ Taq DNA Polymerase (Roche) using the following conditions: 95ºC for 2min 
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followed by 35 cycles of 95ºC 30sec, 55ºC 30sec, 72ºC 1min with a final step at 72ºC for 

10min.  

 

 

 

Agarose Gel Electrophoresis 

Electrophoresis of PCR products from Tissue 1 and Tissue 2 were run through 2% 

horizontal agarose gels in 1X TAE buffer.  PCR product sizes were compared to a 100bp 

DNA ladder.  Gel images were captured with a UVP White Darkroom equipped with a 

UV transilluminator (302nM) and digital camera linked to a Windows 98 computer 

running VWorks 3.1 software (UVP, LTD).   

 

Location of the PCR primers to the Postn exons 16-20 (Postn PCR1) and 20-23 
(Postn PCR2) with relative to the POSTN protein’s C-terminal domain. 

Figure 4.  Genomic location of the Postn PCR primers 
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PCR Product Purification 

PCR products (5 replicate 10µL reactions) were pooled and purified by using 

CHROMA SPIN™ (Clontech) +TE-10 columns to remove unincorporated dNTPs and 

DNA primers.  The column buffer was 0.1X TE (1mM Tris 0.01mM EDTA, pH8.0) and 

PCR products were collected in ~100µL of the spin column’s void volume.  Purified PCR 

DNA concentrations were estimated from 260nM absorbance values using a NanoDrop™ 

spectrophotometer (1 OD unit = 50ng/µL).   

 

DNA Sequencing 

Purified PCR products (10ng/µL) and sequencing primers at 10µM (10pmol/µL 

were sent out to Creighton University Molecular Biology Research Core for DNA 

sequencing.  Electropherogram files were analyzed using the SeqMan Pro™ DNASTAR 

software to identify Postn splice isoforms through sequence alignment to previously 

identified published human POSTN and rodent Postn splice isoforms.   
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RESULTS 
 

µ-CT Results 

At the Osteoporosis research center, Dr. Ahkter was able to take µ-CT scan 

through cross sections of one WT and one periostin null mandible (n=2). From his work 

we were able to obtain qualitative and quantitative data about the morphology of the 

Periostin null mandibles. The specific regions of alveolar bone analyzed were the 

interraddicular septa (IRS) and interdental septa (IDS) as well as the cemento-enamel 

junction (CEJ) and the alveolar bone crest. The density of the interradicular and 

interdental septa were measured and their volume was measured and compared to the 

total volume of bone in both the WT and periostin null tissues. Periostin null IRS was 

found to be more dense than the WT (Figure 6) while the periostin null IDS were less 

dense than the WT (Figure 5). The distance between the CEJ and the alveolar bone crest 

was greater in the WT (0.135mm) than the periostin null tissues (0.100mm, Figure 8). 

However, the µ-CT scan through the cross section of the mandibles revealed no 

appreciable alveolar bone loss. What was characterized, was an enlarged PDL 

surrounding the incisor on its dorsal surface demonstrated by the blue arrows (Figure 7). 

This phenotypic difference between the seemingly unaffected molar alveolus and 

enlarged PDL in the incisor alveolus lead us to our hypothesis that an isoform difference 

of Postn must exist between molars and incisors.   
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Figure 5. Comparison of interdental septa density and volume.   
The left side of the figure shows a WT and a Postn null CT image cross section where 
bone volume was measured by manually tracing the outline of the interdental septa. A) 
Comparison of the interdental septum bone density revealed that the Postn-null (-/-) 
interdental septum (989.05mg/cm3) were less dense than the WT (+/+) 
(1029.55mg/cm3). B) The ratio between interdental septum bone volume (BV) and 
total alveolar bone volume (TV) measured was very similar between Postn-null and 
WT mice. 	  
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Figure 6.  Comparison of interradicular septa density and volume.   
The left side of the figure shows a WT and a Postn null CT image cross section where 
bone volume was measured by manually tracing the outline of the IRS. A) Comparison 
of the IRS bone density revealed that the Postn-null (-/-) IRS (1079.02mg/cm3) were 
denser than the WT (+/+) (1073.02mg/cm3). B) The ratio between IRS bone volume 
(BV) and total alveolar bone volume (TV) measured was very similar between Postn-
null and WT mice.   
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Figure 7.  µ-CT comparison of WT and Postn-null mandible.   
Micro-computerized tomography (µ-CT) comparison of WT and Postn-null mandible 
cross sections revealed a large, space dorsal to the incisor and ventral to the molar roots 
in Postn-null mice.  The molar alveolus in Postn-null nice did not appear to show 
major defects in comparison to the WT molar alveolus.  

Figure 8.  µ-CT comparison of distance from CEJ to alveolar bone crest. 
Comparison of the distance between the cemento-enamel-junction (CEJ) to the alveolar 
bone crest height between Postn-null and WT mice revealed that the distance between 
the CEJ and alveolar bone crest was great in Postn-null mice than the WT. 	  
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Radiograph Results 

Eight tissue samples, four WT and four periostin null, were radiographed and 

measured in several dimensions such as their incisor width, molar width, alveolar 

dentition width and distance between molars and the incisor, the latter being the most 

significant.  Comparison between the WT and periostin null mice revealed a significant 

(P=0.05, U test=0, n=4) increase in distance between the mandibular molars and 

underlying incisor.  

 

 

Figure 9.  Relative distance between the distal cusp (DC) of the first molar to the 
incisor.   
Measuring the relative distance between the DC of the first molar to the incisor in 
Postn null and WT mice revealed Postn null mice had a significantly larger distance 
than the WT (P=0.05). The radiographs illustrate this increase -/- mice as they exhibit 
a radiolucient space ventral to the molar alveolus and dorsal to the incisor that is not 
seen in the WT.  
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Histology Results 

In the sampled periostin null mice, incisor PDL showed a large increase in width 

localized caudal to the incisor superior sulcus and no loss of alveolar bone was observed 

(Figure 11). Previous studies had shown the loss of periostin leads to defects in the PDL 

and alveolar bone characterized as a periodontal disease like phenotype (Rios et al., 

2005). The phenotype observed in these H&E slides, micro-CT scans and radiographs is 

inconsistent with the previously documented periodontal disease-like phenotype for the 

other periostin mutations (Postntm1Kudo and Postntm1Sjc).  

 

Figure 10.  Histology of WT mouse mandible.   

Histology of WT mouse mandible revealed histological appearance of normal 
phenotype, 2.5 magnification.	  
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RT-PCR, Gel Electrophoresis 

The first gel (Figure 12) was PCR with HPRT to test for contamination. These 

faint bands in the columns without RT do indicate a very low level of contamination, not 

significant enough to affect our results. Tissue 1 contained only molars while Tissue 2 

contained both molars and an incisor. Gel electrophoresis revealed only a single band of 

DNA was present for both Tissue 1 and Tissue 2 using Postn Primer 1 and Postn Primer 

2 (Figure 13 A and B). After product purification gel electrophoresis exhibited that DNA 

from Tissue 1 and Tissue 2 were the same size as each other, but smaller than the 

Figure 11.  Histology of Postn-null mandible.   

Histology of Postn-null mouse mandible at 2.5 magnification revealed histological 
appearance of mutant phenotype. An increase in distance between the molar root tip 
and incisor was observed in comparison to the WT section in Figure 10.  	  
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predicted size of full length Postn so that there was not a Postn isoform difference 

between the molars and incisors (Figure 13, C). 

 

 

 

 

 

	  
Figure 12.  Gel Electrophoresis with HPRT as a negative control.   
1) 100 base pair ladder used for comparing relative size of PCR Products. 
2) Tissue 1 with Reverse Transcriptase (RT).  
3) Tissue 1 without RT.  
4) Tissue 2 with RT.  
5) Tissue 2 without RT. 	  

Figure 13.  Gel electrophoresis of PCR products.   
A) PCR products using Postn Primer 1. For Tissue 1 and 2 only a single band 
appeared for each. B) PCR products using Postn Primer 2. For Tissue 1 and 2 only a 
single band appeared for each. C) PCR products after purification using a Clontech 
spin-chromotography column revealed that there was not an isoform difference 
between the two tissues. 	  
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DNA Sequencing 
 

DNA sequencing of the RT-PCR products using Postn PCR Primers 1 and 2 

confirmed that only one isoform of Postn present in both molar and incisor PDL. The 

single detected isoform of Postn was found to have exons 1-16, 18-20, and 22-23, and 

missing the exons 17 and 21 (Figure 16). In comparison to the known isoforms of Postn, 

the isoform found in the molar and incisors of these mice corresponded with the ΔbΔe 

isoform (Figure 17).  

 

 

 

Figure 14.  DNA sequencing of PCR products 
A) DNA sequencing for PCR products using Postn PCR Primer 1 revealed that 
exons 16 and 18 were present, but exon 17 was missing. B) DNA sequencing for 
products using Postn PCR Primer 2 revealed that exons 20 and 22 were present, but 
exon 21 was missing. 	  

Figure 15.  Comparison of C-terminal mutations of Postn.   
The known C-terminal mutations of the Postn protein. When comparing our DNA 
sequencing results (Figure 14.  DNA sequencing of PCR products) with the known 
splice isoforms of Postn, it was revealed that there was no isoform difference between 
molars and incisors, and that the only isoform detected in this experiment corresponded 
with the ΔbΔe isoform. 	  
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DISCUSSION 
 

The oral phenotype we observed in the PostntmJmol mutant differed from the 

phenotypes observed in the other two knockouts Postntm1Kudo (Kii et al., 2006) and 

Postntm1Sjc (Ma et al., 2011; Rios et al., 2008; Kii et al., 2006; Rios et al., 2005) in that no 

appreciable alveolar bone loss was detected in the PostntmJmol (Table 5). The background 

of the mice used for our experiment may have had an effect on the oral phenotype we 

observed because our mice were from an undefined outcrossed lineage, and the complete 

extent of outcrossing within the other mutant colonies is unknown. Inactivation of single 

gene loci through homologous recombination has proven successful but has also shown 

the single gene phenotype to be modulated by the genotypes at other loci. It is possible to 

see great phenotypic variation amongst genetically identical individuals (Montagutelli, 

2000). With undefined varying genetic backgrounds, we cannot rule in or rule out that 

some of the observed phenotypic characteristics could have been a result genetic 

modifiers within their respective outcrossed backgrounds. However, all three mutant 

colonies exhibited an ameloblast defect, widening of the incisor PDL, and a narrowed 

incisor pulp canal (Table 5), suggesting these are highly penetrant morphological 

characteristics of an inactivation mutation of the Postn gene.  

 

Table 5. Phenotypic characteristics of Postn mutant mice.  

Mutation Ameloblast 
defect 

Incisor 
PDL 

widening 

Molar 
PDL 

widening 

Molar 
Enamel 
Defect 

Incisor Enamel 
Defect 

Narrowed 
Pulp 

Canal 

Alveolar 
Bone 
Loss 

PostntmJmol H&E 
 

H&E 
µ-CT    H&E  

PostntmKudo H&E H&E   Macroscopic H&E  
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Postntm1Sjc H&E H&E H&E µ-CT  H&E H&E 
µ-CT 

 

Only the  Postntm1Sjc mutants exhibited an altered molar alveolus, where a 

widening of the molar PDL was observed histologically and a molar enamel defect was 

exhibited through µ-CT scan (Table 5). An important factor in animal work are the 

conditions in which the animal colony is kept and maintained within. The Postntm1Sjc 

colony were fed a National Institute of health (NIH) NIH-31 complete mouse diet 

consisting of distilled water and pellets (Rios et al., 2008). The PostntmJmol colony used 

for this study was fed a similar diet with the same protein percentage (18%, Teklad diet 

2018-S) as NIH-31 which was autoclaved.  Autoclaving the pellets used for mouse chow 

alters the hardness of the diet and the extent of the increase in hardness is unique to the 

individual autoclaving conditions (Tina M. Herfel, Teklad Labs, Madison WI, personal 

communication).  It is not stated if the chow used for the Postntm1Sjc that exhibited molar 

wear in the Postn null mutant was or was not autoclaved, nor was a hardness value stated. 

The WT mice used in the same study by Rios et al., in 2008 also exhibited extensive 

molar wear but without bone loss, suggesting that the observed molar phenotype could 

have been due to a difference in hardness of pellets that then uncovered additional molar 

alveolus phenotypes due to the Postn genetic defect.  

Our data suggests that periostin isoforms do not change with hyperfunction or 

increased occlusal load/shear forces in the incisor PDL. The incisor PDL and the molar 

PDL both have abundant periostin mRNA and protein expression (Rios et al., 2008; Kii 

et al., 2006). Periostin null mandibles demonstrate a clear phenotype difference in PDL 

morphology, where incisor PDL expansion occurs independent of any changes in molar 
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PDL. The continually growing incisor presents a PDL microenvironment which differs 

from molars in terms of including additional force vectors within the PDL. This shear 

force must be resolved and has been shown to correlate with collagen fibril digestion 

which was not seen in Postn-null mice (Kii et al., 2006). The expanded incisor PDL 

indicates that formation of this abnormal ligament results from a lack of collagen 

remodeling and matrix metabolism. Periostin binds to collagen Type I and is a ligand for 

fibroblast expression for integrin αVβ3 or αVβ5 (Gillian et al., 2005). Periostin regulates 

matrix-metalloprotinease-2 (mmp-2) expression through αVβ3 integrin/ERK pathway in 

cultured PDL cells which suggests this pathway may be inactive, and may contribute to 

the formation of the observed abnormal PDL (Watanabe et al., 2012). We should expect 

less mmp-2 activity and this may feedback to an increase in PDL fibroblast mitosis and 

elevated osteoclast and cementoclast activity to compensate for an inactive shear zone 

(Figure 2). New studies will need to address whether defects of PDL remodeling in 

Postn-null influences fibroblast proliferation and promotes changes in osteoclast, 

osteoblast, cementoclast, and cementoblast differentiation and proliferation.  

Isolating cells from primary tissue including Human PDL, dental pulp, gingival 

epithelium and gingival fibroblasts, Yamada and collaborators were able to identify a 

specific isoform of the Periostin gene that is unique to the Human PDL, naming it PDL-

POSTN (Yamada et al., 2014). Its variation in the C-terminal region show it missing the 

exons B, C, and E, which is different than our experimentally identified isoform Δb Δe. A 

difference in procedure could account for the findings of Yamada and collaborators, for 

example they were using in vitro cell cultures for their source of RNA, and it was unclear 

whether these cell cultures were primary. Whereas our source of RNA was in vivo, and 



30 

directly obtained from the mouse oral cavity. The existence of the PDL specific isoform 

of the periostin gene has yet to be seen in vivo by Yamada or other researchers. Our 

experiment was the first ever (to our knowledge) conducted to research splice isoforms 

differences of the mouse Periostin gene exclusively from in vivo tissues of the oral 

cavity. We have a PCR product that showed the absence of exons B and E, we failed to 

see any evidence of isoforms that lacked both B and C1 as one PCR product. One 

strategy to employ as a way to potentially reveal the existence of the PDL-specific 

isoform would be to design a primer that bridges between exons B and C2 in order to 

develop a more specific PCR assay for just the “PDL specific isoform”.   
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CONCLUSION 
 

The quantified increase in the distance between mandibular molars and the 

underlying incisor in Postntm1Jmol homozygous mutants could have been indicative of a 

unique periostin isoform exclusive to incisor PDL, or a difference in mechanical 

signaling by the same periostin. After RNA isolation, RT-PCR, and column purification, 

our results suggest that only one isoform (ΔbΔe) of periostin exists in adult mouse molar 

and incisor PDL, different than the human PDL specific isoform characterized by 

Yamada and collaborators. The observed phenotype of the PostntmJmol differed from the 

other Postn mutants in that it did not express any defects of the molar alveolus or 

appreciable alveolar bone loss. All three Postn mutant colonies did express an ameloblast 

defect, widening of the incisor PDL, and a narrowed incisor pulp canal, suggesting these 

morphological characteristics could be results of their mutation of the Postn gene. 
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