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Abstract 

 

CPNE7 Induces Biological  

Dentin Sealing in a  

Dentin Hypersensitivity Model 

Sohyun Park 

Department of Conservative Dentistry 

The Graduate School of Dentistry  

Seoul National University 

 

Dentin hypersensitivity commonly occurred due to opened dentinal tubules for 

many reasons. In our previous study, copine7 (CPNE7) could induce dentin 

formation for indirect pulp capping model in vivo. This study aims to investigate 

the formation of tertiary dentin when CPNE7 is applied to intentionally exposed 

dentin with nothing over it in vivo, whether it affects microleakage of the teeth, and 

the penetration ability of CPNE7 molecules through dentinal tubules in vitro. 

Tertiary dentin formation reduces dentinal fluid flow due to occluded tubules or 

discontinuity with primary or secondary dentin. The in vivo hypersensitivity model 

with anterior teeth of beagle dogs showed newly formed tertiary dentin at dentin-

pulp boundary in recombinant CPNE7 (rCPNE7)-treated tooth when compared to 

rCPNE7-untreated control group in histological analysis. And the scanning 



electronic microscope analysis revealed that there were occluded sites with mineral 

deposition of intratubular dentin. In permeability test, the mean microleakage value 

of CPNE7-treated group were significantly lower than the control group (P<0.05). 

The tubular penetration of rhodamine B combined CPNE7 was confirmed under 

confocal laser scanning microscope. Therefore, CPNE7 induces formation of 

tertiary dentin through shallowly exposed dentinal tubules, which makes decrease 

dentin permeability.  
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I. Introduction 

 

Dentin hypersensitivity (DHS) is defined as pain due to exposed dentin in response 

to chemical, thermal, or osmotic stimuli. DHS is painful and hardly predictable 

treatment conditions in dentistry.[1] For explaining the physiological process which 
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causes DHS, there are some theories. The ‘Hydrodynamic Theory’ is the most 

accepted hypothesis[2] and according to this theory, the basis for the sensation 

transmissions is on the movement of interstitial fluid within the dentinal tubules.[3] 

By occluding the fluid flow in the dentinal tubule, reduction of the painful 

symptoms of DHS is often mediated and so disturbing the delivery of stimuli is 

followed.[4] The most widely used treatments in the DHS symptoms can be 

classified as: connective tissue graft, anti-inflammatory agent, restorations, protein 

precipitants, tubule occluding agents, tubule sealant, and laser.[5] But the outcomes 

of these therapies are not  predictable or reproducible.[6] 

In terms of the dentinal structure’s, hypersensitive dentin is permeable, but 

relatively non-sensitive but exposed dentin is impermeable.[7] Because the tubules 

of tertiary dentin don’t continue from the primary or secondary dentin, the 

formation of tertiary dentin could be effectual blocker to reduce permeability of the 

dentin.[8] Like that, one of the feasible treatment methods of DHS is laser, which 

can cause cellular metabolic activity of the odontoblast, induces the interaction 

with the dental pulp, and obliterating the dentinal tubules with intensifying the 

formation of tertiary dentin.[9] If it is possible that clinicians can induce the tertiary 

dentin formation whenever they want, it could be feasible to obtain effectual 

biological dentin sealing for many situations that directly or indirectly bully the 

pulp. Tertiary dentin can be induced and regulated by numbers of growth factors 

especially, copine 7 protein (CPNE7). Originally CPNE7 was identified during 

examining epithelial-mesenchymal interaction on odontogenesis at the bell stage, 

one of the steps at which during tooth development, odontoblasts become 

differentiated to form dentin.[10, 11] More closely, we previously observed that the 
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preameloblast-conditioned medium (PA-CM) induceds the human dental pulp stem 

cell to differentiate odontoblasts and to cause the formation of dentin. Using the 

high-throughput proteomic analysis, among the constituents of PA-CM, CPNE7 

was identified that played a leading role in odontoblast differentiation.[10] It was 

subsequently found that CPNE 7 secreted from preameloblast during the early 

stage of ameloblast differentiation was translocated from preameloblasts to 

odontoblasts, then it can induced the differentiation of dental mesenchymal stem 

cells into odontoblasts and dentin formation.[11]  

To evaluate whether it is valuable in clinical situations or not, CPNE7 was 

applied on the exposed dentin close to the pulp in vivo, which situation has to be 

treated in a way as indirect pulp capping, and induction of tertiary dentin formation 

was observed.[12]The confirmation of tertiary dentin generation by CPNE7 going 

into the opened dentinal tubule not close to the pulp could suggest the clinical 

value of CPNE7 for more general situation such as DHS. Therefore, the aim of this 

study is to investigate whether the formation of tertiary dentin can be induced in 

vivo when CPNE7 is topically applied to the shallowly exposed dentin cavity 

model which mimic the clinical situation of DHS, using microleakage test, 

histological, scanning electronic microscope, and confocal laser scanning 

microscope observation.  

 

II. Material and Method 

1. Experimental Dentin Hypersensitivity Animal Model 
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Five beagles aged 6 months old were obtained from the Experimental Animal 

Center of College of Dentistry and Use Committee of Seoul National University 

(SNU-160509-6). On maxillary six incisors, the cervical areas were cleaned with 

0.5% chlorhexidine. To expose dentin surface shallowly, just to expose dentin area 

far away from the pulp tissue, class V-like lesions were prepared to expose dentin 

surface shallowly in depth ~ 1.0 mm and in dimension of ~ 4 mm in diameter into 

dentin using round bur (FG 4, Komet, Lemgo, Germany). The smear layer on 

dentin surface was removed by applying 17% EDTA for 2 min. After that, prepared 

sites were gently washed and dried with three - way syringe. Half side of the six 

maxillary incisors were adapted with recombinant CPNE7 protein (rCPNE7, 

Origene, Rockville, MD, U.S.A. total 1 ㎍ of CPNE7 per tooth in a buffer 

containing 25 mM Tris-HCl, 100 mM glycine, and 10% glycerol) for 5 minutes as 

the experimental group. The other half side was control group, and there was no 

treatment of EDTA or CPNE7 after preparation. All defects were exposed without 

any restorations, and beagles were sacrificed after 4 weeks. Vital perfusion fixation 

was performed with Karnovsky solution.  

 

2. Microleakage Analysis 

The maxillary incisor of the beagle was extracted and the root canal was 

exposed by cutting 3 mm of apical site using a high-speed diamond bur (TF-13, 

MANI, Tokyo, Japan) for measuring fluid penetration. And 2 mm entrance at root 

end along the root canal was removed using a carbide bur (FG # 330, SSwhite, 

Seoul, Korea) to provide a space for a metal tube in diameter 0.9 mm. At here, 32% 
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phosphoric acid (3M ESPE, St Paul, MN, USA), adhesive agent (Singlebond 

Universal, 3M ESPE, St Paul, MN, USA) and flowable resin composite (Denfil 

flow, Vericom Co., Seoul, Korea) were applied in order to bonding with 

sandblasted and inserted metal tube. To obstruct any other leakage, the nail varnish 

was painted to all areas several times except the defect area. The prepared 

specimens were stored in distilled water immediately. 

The machine (NanoFlow, IB Systems, Seoul, Korea, Fig 1A) recognizing the 

bubbles movement due to leakage was used to measure microleakage by flowing 

distilled water from tooth apex to exposed dentin at 70 cmH2O. The metal tube 

portion of the specimen was connected to the fluid-measuring apparatus using a 

perfectly sized silicon tube so that no liquid would leak out. The T-connector was 

opened and the instrument was activated so that the light sensor could indicate the 

movement of fluid-air interface. The initial 20 min outflow was excluded and the 

20 min outflow was recorded, so all measurements were taken at 40 min after the 

specimen was connected.   

 

3. Histological and Scanning Electronic Microscopic 

(SEM) Analysis 

Samples from beagle dogs were harvested and fixed in 4% paraformaldehyde, 

decalcified in 10% formic acid, embedded in paraffin. They were longitudinally cut 

through the roots in 5-mm sections using a microtome (Leica RM 2145 Microtome; 

Leica Microsystems, Nussloch, Germany). Then the sections were stained with 

hematoxylin-eosin (H-E) (Vector Labs), and pulp-dentin complex below the defect 
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area of each tooth was observed under the light microscope (Olympus BX40; 

Olympus, Tokyo, Japan). For immunohistochemistry, the sections were incubated 

overnight at 4°C with rabbit polyclonal dentin sioloprotein (DSP) and bone 

sialoprotein (BSP) produced as described previously[13] at a dilution of 1:150. 

Biotin-labeled goat anti-rabbit IgG (Vector Laboratory) was incubated with the 

sections at room temperature for 30 min, which were then reacted with the avidin-

biotin-peroxidase complex (Vector Laboratory). Signals were converted using a 

diaminobenzidine kit (Vector Laboratory). Nuclei were stained with hematoxylin. 

And in each group, the third incisors of beagle were extracted. The teeth were 

trimmed using a low-speed water-cooled diamond saw (Isomet, Buehler Ltd, 

Düsseldorf, Germany) to obtain a cross-section view of the dentinal tubules. 

Sonication for 5 minutes was done for removal of smear layer. SEM (S-4700, 

HITACHI, Tokyo, Japan) was used for imaging and observing samples.  

 

4. Confocal Laser Scanning Microscope Analysis 

Human third molars were collected at the Seoul National University Dental 

Hospital (Seoul, Korea), and the experimental protocol was approved by the 

Institutional Review Board (IRB No: S-D20140007). Teeth were decoronated to 

2~3 mm using safe diamond disc to eliminate the coronal enamel layer in order to 

expose the dentin surface. 5 ml of 37% phosphoric acid solution was treated for 5 

min in order to completely open the dentinal tubules. To remove the residual smear 

layer, specimens were ultrasonicated in deionized water for 5 min for 2 times and 

then rinsed with PBS for 3 times. 
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rCPNE7 protein was tagged with rhodamine B dye using the rhodamine fast 

conjugation kit (ab188286, Abcam, Cambridge, MA, USA) according to the 

manufacturer’s instructions. Rhodamine B labeled rCPNE7 (1 ug) were applied 

into dentin surfaces of specimen with the help of the disposable microbrush for 1 

min and then specimens were washed with PBS for 3 times. Subsequently, 

Specimens were longitudinally sectioned in slices (thickness of 0.5 mm) by using 

safe diamond disc. The sections were mounted onto glass slides and scanned under 

a confocal laser scanning microscope (LSM 700; Carl Zeiss, Jena, Germany). 

 

5. Statistical Analysis 

Statistical analyses were performed by using SPSS 23.0 (SPSS Inc., Chicago, 

IL, USA). Mann-Whitney U test was performed to analyze the amount of 

permeability between two groups.   

 

 

III. Result 

1.  Evaluation of Permeability and Sealing Ability by 

Newly Formed Tertiary Dentin  

The mean microleakage value of the rCPNE7-treated group was 0.032 ± 0.022 

nl/sec/cmH2O whereas that of control group was 0.39 ± 0.41 nl/sec/cmH2O 
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(P<0.05, Fig 1B).  

2. Tertiary Dentin Formation at the Dentin-Pulp Interface 

In the control group, newly generated mineralized tissue was hardly shown in 

the pulp side (Fig. 2A and B). However, tertiary dentin was detected beneath the 

remaining dentin of prepared sites in the rCPNE7-treated group (Fig. 2C and D). 

This newly formed dentin was considered as tertiary dentin, and odontoblasts 

arranged as layer form beneath it. 10 out of 12 specimens of experimental group 

showed tertiary dentin formation, and no tertiary dentin was observed in the 

histological images of all control group. 

And it was investigated that whether the CPNE7-induced hard tissue retains the 

characteristics of physiologic dentin. The expression patterns of DSP, a cleaved 

protein form of the terminally differentiated odontoblast maker dentin 

sialophosphoprotein,[14] and Nestin, a neuronal intermediate filament expressed in 

the processes of mature odontoblasts, were analyzed by immunohistochemistry.[15, 

16] DSP stained positive in the newly formed tertiary dentin matrix, as well as in 

the remaining dentin, although to a lesser extent (Fig. 2E and F). Nestin also 

stained positive in the tertiary dentin matrix (Fig. 2G and H), presumably in the 

cytoplasmic processes of odontoblasts involved in the regeneration of dentin. 

 

3. SEM of Dentinal Tubules Beneath the Exposed Dentinal 

Defect 
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The morphologic features of the dentin area right under the prepared cavity 

were investigated from the vertical sections of the samples by using SEM analysis 

(Fig. 3). In the rCPNE7-treated group, intratubular dentin was occluded with 

mineral deposition at specific site (Fig 4B, C and D). In control group, all dentinal 

tubules were remained open (Fig 4F, G and H). 

 

4. Confirmation of Dentin Penetration of CPNE7 Using 

CLSM 

The abundant penetration of CPNE7 tagged with rhodamine b into the 

dentinal tubules was shown and no tubular penetration or fluorescence was 

observed in the control tooth (Fig 5).  

 

 

IV. Discussion 

In this study, the group treated with rCPNE7 showed significantly low 

permeability compared to the untreated control group. And the formation of tertiary 

dentin was observed at histologic and SEM images in the rCPNE7-treated group. 

Hence, CPNE7 has the ability to be used for DHS treatment by decreasing 

permeability of dentin fluid within the dentinal tubules in consequence of causing 

tertiary dentin formation from dentinogenesis process. 
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It was hardly known that which mechanisms lead to the formation of tertiary 

dentin. Bone morphogenetic protein 2,[17] dentin sialoprotein 1, dentin matrix 

protein, [18] bone sialoprotein[19] have been suggested and studied as biological 

factors for dentinogenesis so far. Recently, CPNE7 secreted from pre-ameloblast 

became a strong candidate for directly regulating odontoblast differentiation and 

dentinogenesis.[10, 11, 20] CPNE7 not only serves to differentiate mesenchymal 

stem cells into odontoblasts, but also acts on odontoblasts to increase the secretion 

of dentin sialophosphoprotein and induces dentinogenesis.[11, 20]  

In a previous study,[12] rCPNE7 was treated to exposed dentin to confirm 

whether the protein could react through the dentinal tubule in vivo. They made 

cavitation at beagle teeth until the dentin was shown as 'reddish gray' which means 

adjacent to the pulp. And after application of rCPNE7, cavity was sealed with 

mineral trioxide aggregator (MTA) or glass ionomer cement right after topical 

application of rCPNE 7. In this study, rCPNE7 was only topically treated; dentin 

was just exposed by removing enamel shell, and cavity was unfilled after treatment 

of rCPNE7 5 min. rCPNE7 was then allow to get washed out in oral environment 

until beagles were sacrificed. Nonetheless, at the dentin-pulp interface tertiary 

dentin was formed well. This result suggests that CPNE7 can penetrate rapidly and 

spread into dentin fluid well through narrow tubules, and it might stimulate 

odontoblast process stretched in dentinal tubules. The CLSM results support that 

CPNE7 can diffuse well into the dentinal tubules and penetrate from the exposed 

site to the pulp side in spite of brief exposure. Additional experiments will be 

needed to optimize time of application. 

Many studies were done with permeability test about how effective at treating 
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DHS and occluding dentinal tubules.[21-25] In our study, Nanoflow (IB system, 

Seoul, Korea), a sub-nanoliter scaled fluid flow measuring device capable of 

distinguishing nano-scale volume change (0.2 nL), was used to assess the 

permeability. Nanoflow, first introduced in 2008, measures permeability when the 

optical sensor senses the bubble movements in the capillary and transfers the 

current to the comparator. This is done through a series of steps and then back to 

the servo-motor which drives a lead screw for causing the photo-sensor to move 

along the air-water border in real time.[26, 27] It has the advantage of better 

resolution and automated readings compared to other devices used in other studies. 

Using this Nanoflow, we found that the flow rate was significantly reduced in 

rCPNE7 treated group (p<0.05). Decreased permeability may be associated with 

reduced symptoms of DHS clinically. As shown from the histological images, the 

newly formed tertiary dentin below the exposed dentin could reduce the 

permeability because it disturbs the continuity of the dentin. And the result that the 

middle of the tubules was narrowed could be related to decreased permeability as 

shown in the SEM images. The occluded dentinal tubules in SEM can be thought 

of as two causes; Odontoblast was stimulated by CPNE7 and progressed 

mineralization in dentinal tubules or, the CPNE7 molecule itself reacted with 

calcium ions in the dentinal fluid due to its high calcium affinity[12] and 

calcification was done.  

Unlike other DHS agents or treatment methods, CPNE7 can be forecasted to 

have a more lasting effect on decreasing DHS. Previously known methods of 

desensitizing the pulpal nerve or occluding the tubules allow for DHS reduction but 

fail to relieve the symptoms permanently with frequent recurrence.[28] But based 
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on the histology and SEM studies, CPNE7 can corroborate lasting changes, not 

temporary occlusion of dentinal tubules. Moreover, it was observed that even with 

topical application to the shallowly exposed dentin without any restorations 

protecting defects, CPNE7 could go through well and tertiary dentin was 

effectively formed. These results suggest that CPNE7 may provide efficiently 

biological dentin sealing for many clinical situations in which dentin is exposed, 

such as gingival recession, non-carious cervical lesions, prepared tooth, cementum 

loss after periodontal treatment, or deep caries, in order to reduce DHS. 

CPNE7 successfully induced the formation of tertiary dentin when intending 

dentin exposure states in the teeth of beagle dogs in vivo. And this would be 

effective in decreasing symptom of DHS by reducing dentin permeability. However, 

this study is limited to in vivo animal study. The efficacy of biologic dentin sealing 

in DHS treatment warrants further testing in a clinical trial, after confirmation 

about toxicology test, and whether affecting bonding ability or mechanical property 

of dental restoration materials.  

 

 

V. Conclusion  

In conclusion, CPNE7 went through dentinal tubules well which exposed very 

close to enamel side and induced tertiary dentin successfully. And this led to a 

reduction of dentin permeability by producing biological dentin sealing. In these 
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aspects, CPNE7 application to exposed dentin may serve as an effective treatment 

options for DHS, occurring for a number of reasons. 
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Figure 1. Schematic diagram of the microleakage measuring device, 

Nanoflow (IB Systems) (A), and box slot data of measured leakage value 

of each experimental group (B). rCPNE7-treated group: 0.032 ± 0.022 

nl/sec/cmH2O, control group: 0.39 ± 0.41 nl/sec/cmH2O. *P < 0.05 vs. 

control group. rCPNE7, recombinant copine 7. Measuring points in the 

section of crown and inlay (mesiodistally sawed) (X40).   
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Figure 2. Histological analysis after 4 weeks by hematoxylin/eosin staining 

(A-D) and immunohistochemical staining (E-H). Control group (A-B) and 

rCPNE7 treated group. (C-H) Boxed areas in A, C, E and G are shown at 

higher magnification in B, D, F and G, respectively. TD, newly formed 

tertiary dentin; rCPNE7, recombinant copine 7; DSP, dentin sialoprotein. 
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Figure 3. Diagrams of sample preparation for SEM analysis. The sample 

was paralleled sectioned to defect area to observe dentinal tubules between 

defect and pulp. These diagrams explain sectioned area in three dimension 

(A, colored plane) and in horizontal view (B). P, Pulp; D, Dentin; E, Enamel 
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Figure 4. Scanning electron microscopy of vertically sectioned dentinal area 

between cavity and pulp. Control group (A-D) and rCPNE7 treated group 

(E-H). Boxed areas in A and E are shown at higher magnification in B-D, 

and F-H, respectively. Scale bars, 1000 μm (A, E), 50 μm (B, F), 20 μm (C, 

G), and 10 μm (D, H). rCPNE7, recombinant copine 7 
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Figure 5. Confocal images of vertically sectioned human third molar which 

treated rCPNE7. Negative control (A), coronal dentin layer (B) and pulp 

side (C). Scale bars: 100 ㎛; rCPNE7, recombinant copine 7. 
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요약(국문초록) 

 

 

본 연구의 목적은 비글견의 상악 전치에 인위적으로 상아질을 약간 

노출시킨 채로 두어 in vivo로 Copine 7 (CPNE 7)을 처리한 군과 

처리하지 않은 군의 미세구조 및 미세누출 정도를 비교해 상아질 과민증 

상황에서 CPNE 7이 삼차 상아질을 형성하는지 여부를 평가하는 것이다. 

비글견의 상악 전치부의 협측 치경부에 4번 라운드 버를 이용해 

상아질을 얕게 노출시킨다. 상악 전치 6개 중 좌측과 우측을 나누어 한 

쪽에는 CPNE 7 단백질을 5분간 처리하고 다른 쪽에는 처리하지 않는다. 

4주 후 실험동물을 희생시켜 상악 전치들을 발거한다. 주사전자현미경을 

이용해 상아세관의 단면을 관찰하고 H-E 염색을 동반한 조직표본 

관찰로 삼차 상아질 형성 여부를 살펴본다. 또한 미세흐름 측정 장치를 

이용하여 CPNE 7의 상아세관 밀폐효과를 측정 및 비교한다. 그리고 

발거된 사람 제 3대구치의 치관부를 일부 제거하고 5분간 37% 

인산으로 산부식한 후 실험군에는 로다민 B로 표지된 CPNE7을 1분간 

도포하고 대조군에는 도포하지 않은 후 공초점 레이저 주사 현미경으로 
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CPNE7의 상아세관 침투 여부를 관찰한다. 통계 분석은 Mann-Whitney 

U test를 시행하였다(α=0.05).    

 조직학적 분석 시, rCPNE7 처리군에서 상아질-치수 경계에 새롭게 

형성된 삼차 상아질이 보였고, 상아세관 주행에 수직으로 자른 시편을 

관찰한 주사전자현미경 분석에서는 세관 내에 관주상아질이 침착된 것이 

관찰되었다. 미세누출 실험에서는, rCPNE7 처리군이 유의미하게 낮은 

흐름성을 보였다. 로다민 B로 표지된 rCPNE7을 처리한 제3대구치 

군에서는 염색 결과 단백질의 세관 내 침투가 상아질에서 치수 발향으로 

이루어 진 것이 공초점 레이저 주사현미경 하에서 관찰되었다.  

 

 

 

 

 

주요어 : 생물학적 상아질 밀폐, Copine 7, 상아질-치수 재생, 삼차 

상아질, 상아질 과민증 
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