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ARTICLE INFO SUMMARY

Although vascular invasion (V1) is recognized as an important predictor of lymph node metastasis and a
significant prognostic factor in head and neck squamous cell carcinoma (HNSCC), there is. currently no
common definition for. the pathological evaluation of VI status. We reviewed the medical records of 63
consecutive resected primary oral tongue SCCs (OTSCCs) without preoperative treatment between June
1999 and April 2008, and evaluated VI status by investigating lymphatic vessel invasion (LVI) and blood
vessel invasion (BVI) by using immunohistochemistry (IHC) with monoclonal antibody D2-40 (D2-40)
and Elastica van Gieson (EVG) staining, respectively. Subsequently, we analyzed their correlations with
cervical lymph node metastasis and prognosis. LVI was found in 16 of the 63 tumors (25.4%) and BVI
was in 32 tumors (50.8%). Univariate analysis revealed that the presence of LVI is statistically correlated
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gqiangof?ien carcinoma with lymph node metastasis. Moreover, multivariate logistic regression analysis revealed that LVI is an
D2-40 independent risk factor of nodal metastasis (odds ratio=4.262, 95% confidence interval =1.262~
Elastica van Gieson stain 14.397, p = 0.020). In contrast, Kaplan-Meier survival analysis revealed that patients with BVI had a sig-
Lymph node nificantly shorter disease-free survival (DFS) and overall survival (OS) rates than those without BVI (68.6%
Metastasis . versus 90.3%, p = 0.028 and 68.6% versus 93.5%, p = 0.013, respectively). The present study clearly demon-
Prognosis strated that LVI at primary OTSCC had significant correlation with lymph node metastasis, and that BVI
was significantly associated with recurrence and poor prognosis. Evaluation of VI status, as LVI and BVI
 status separately, using IHC with D2-40 and EVG staining may be useful in predicting lymph node metas-

" tasis and poor prognosis in OTSCCs.
© 2011 Elsevier Ltd. All rights reserved.
Introduction The importance of LVI in lymph node metastasis and prognosis

It is generally accepted that tumor invasion to vascular is the

first step in the development of a metastatic focus in general solid

malignant tumors. Vascular invasion (V1) includes lymphatic vessel
invasion (LVI) and blood vessel invasion (BVI), both of which are
thought to be the beginning of lymphogenous and hematogenous
metastasis, respectively.'?
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in various kinds of solid tumor is clearly recognized.'*-° However,
little attention has been placed upon VI in relation to oral malig-
nancies and the development of lymph node metastasis and prog-
nosis. One of the main reasons for this may be that interobserver
variability in the evaluation of LVI and BVI cannot be neglected
because of the difficulties in recognizing lymphatic channels and
veins using standard hematoxylin and eosin (HE) staining -
alone.10-13

Recently, immunohistochemistry (IHC) and special staining for
identifying lymphatic channels and vessels have been widely used
to determine VI in various tumors.’®" For example, IHC with the
monoclonal antibody D2-40 (D2-40) not only highlights lymphatic
channels, but this antibody also reacts with O-linked sialoglyco-
protein (MW: 40 kda) on the surface of the lymphatic endothelium,
making it a new selective marker that enables us to distinguish
lymphatic channels from vessels.>~141¢ [dentification of vessels
has been further aided by Elastica van Gieson (EVG) staining,
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which stains elastic fibers located in the venous wall dark violet.
Thus, EVG staining significantly improve the accuracy of BVI eval-
uation.'>17-19 '

In this study, we therefore attempted to evaluate the VI status of
oral tongue squamous cell carcinomas (OTSCCs) by investigating LVI
status using IHC with-D2-40 and BVI status using EVG staining of pri-
mary OTSCCs, and we subsequently examined the association be-
tween VI status and cervical lymph node metastasis and prognosis.

Materials and methods
Materials

The medical records of 63 consecutive OTSCC patients who had
undergone curative surgery at Maxillofacial Surgery, University
Hospital of Dentistry, Tokyo Medical and Dental University (Tokyo,
Japan), between June 1999 and April 2008 were reviewed for this
study. No patients underwent preoperative treatment. All proto-
cols were reviewed and approved by the Research Ethics Commit-
tee of Tokyo Medical and Dental University, and informed consent
was obtained from all patients in accordance with our Institutional
guidelines, Detailed patient characteristics are described in Table 1.
Primary tumors were resected then immediately fixed-in 10% (v/v)
formalin and embedded in paraffin. Serial 4-um sections were pre-
pared from each sample forroutine HE staining to obtain patholog-
ical information (Tables 1). Pathological T staging, cellular
differentiation and the mode of invasion of primary tumors were
defined on the basis of the International Union Against Cancer
TNM classification,?® the World Health Organization (WHO) classi-
fication,?! and the modification of the criteria of Jakobsson
et al.>*?3 respectively. Pathological data included LVI and BVI in
primary tumors. One or two (mean: 1.6) additional paraffin blocks
of aggressive sections were used for IHC with D2-40 and EVG stain-
ing to evaluate LVI and BVI, respectively.

Table 1
Correlation between LVI/BVI and clinicopathological parameters.
Clinicopathological LVI+ LVI- P BVI+ BVI- P
parameters value value
Gender '
Male 12 37 NS 25 24 NS
Female 4 10 7 7
Age (yrs)
<58 6 22 NS 15 13 NS
>58 10 25 17 18
Growth pattern
Superficial 1 9 NS 3 7 NS
Exophytic 7 19 11 15
Endophytic 8 19 18 9
Pathological T stage
1-2 13 41 NS 26 28 NS
3 3 6 6 3
Cellular differentiation
Well/ Moderate 15 39 NS 26 28 NS
Poor 1 8 6 3
Mode of invasion :
1-3 9 31 NS 15 25 0.005
4C-4D 7 16 17 6
Pathological lymph node metastasis
Negative 5 31 0.015 16 20 NS
Positive 11 16 16 11
Recurrence/Metastasis :
Negative 13 37 NS 22 28 0.034
Positive 3 10 10 3
Survival
Alive 12 39 NS 22 29 0.012
Dead . 4 8 10 2

LVI; lymphatic vessel invasion, BVI: blood vessel invasion, NS: not significant.

Immunohistochemistry and Elastica van Gieson staining

Paraffin sections measuring 4 pm in thickness were dewaxed
and hydrated, then after inactivation of endogenous peroxidase
with 3% hydrogen peroxidase for 20 min, they were reacted with
anti D2-40 monoclonal antibody (prediluted) (COVANCE, CA) over-
night at 4 °C. This was followed by incubation with secondary anti-
bodies (Envision+; Dako, CA). The reaction was visualized using
3,3-diaminobenzidine, and nuclei were lightly counterstained with
hematoxylin. LVI positive was defined as the presence of tumor cell
aggregates within the D2-40 stained lymphatic lumen or invasion
of the media of a vessel with ulceration of the intima (Fig. 1B). It is
easier and more accurate to detect LVI using D2-40 than HE stain-
ing (Fig. 1A and B).

EVG staining was performed according to the standard protocol.
BVI was easily identified with EVG ‘staining because the elastic fi-
ber of the veins was stained dark violet (Fig. 1C and D). BVI positive
was defined as the presence of tumor cell aggregates within the
dark violet stain or invasion of the media of a vessel with ulcera-
tion of the intima (Fig. 1D).

All slides were evaluated independently by two authors (CM.
and KXK.), neither of whom had knowledge of the clinical data.
LVI and BVI were considered positive only when both observers
agreed.

Statistical analysis

VI status was compared with the patient’s clinicopathological
information using the chi-square test. After initial screening by
univariate analysis, multivariate logistic regression analysis was
applied to analyze the significant risk factors of lymph node metas-
tasis. The disease-free survival (DFS) rate and overall survival (0S)
rate were estimated using the Kaplan-Meier method and statistical
significance was determined using the log-rank test. DFS time was
defined as the interval between the date of first visit and the date
of development of local, regional recurrence and distant metastasis
after surgery. OS time was also calculated from the date of initial
examination to the date of death, or to the date of the five-year fol-
low-up. All statistical analyses were performed using SPSS for Win-
dows (version 17.0, SPSS, Inc., Chicago, IL). P values less than 0.05
were considered statistically significant.

Results
Clinicopathological data

Patients included 49 males (77.8%) and 14 females (22.2%) with
a mean age of 57.9 years (range, 20-89). The median follow-up
period was 41.5 months (range, 8.3-60.0). The growth pattern of
the primary tumor was classified as superficial (n = 10, 15.9%), exo-
phytic (n =26, 41.3%), or endophytic (n =27, 42.8%). Of the 63 pa-
tients, 23 (36.5%) presented with T1, 31 (49.2%) with T2, 9 (14.3%)
with T3 tumors. Of the 63 patients, 27(42.9%) had positive nodes.

Staining

To evaluate the presence of LVI and BVI in primary OTSCCs, IHC
with D2-40 and EVG staining were preformed (Fig. 1). LVI is found
in 16 of the 63 tumors (25.4%), and BVI is found in 32 (50.8%).

Association with clinicopathological parameters

The association between LVI/BVI status and the clinicopatholog-
ical parameters in the OTSCC patients are summarized in Table 1.
There were no significant correlations between LVI and gender,
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Figure 1 Lymphatic vessel invasion and blood vessel invasion (original magnification: 100x). (A) It is difficult to judge lymphatic vessel invasion (LVI) on HE staining. (B) LVI
is easily identified because the lymphatic endothelium is highlighted with D2-40 staining. (C) It is difficult to identify blood vessel invasion (BVI) on HE staining. (D) BVl is
easily identified because the elastic fiber of the vein is stained dark violet with EVG staining.

age, growth pattern, pathological T stage, cellular differentiation,
mode of invasion, and disease recurrence or survival. In contrast,
LVI was significantly correlated with lymph node metastasis
(p=0.015).

On the other hand, although BVI was not associated with lymph
node metastasis, BVl was significantly associated with mode of
invasion (p=0.005), disease recurrence (p=0.034) and survival
(p=0.012).

LVI impact on lymph node metastasis

To investigate the risk factors of lymph node metastasis, multi-
variate logistic regression analysis was conducted with gender,
age, pathological T stage, cellular differentiation, mode of invasion,
and the LVI/BVI status of the primary OTSCCs as variables. As a re-
sult, LVI was shown to be a significant independent risk factor of
lymph node metastasis (odds ratio = 4.262, 95% confidence inter-
val =1.262-14.397, p = 0.020; Table 2).

BVI impact on recurrence and survival
To assess the impact of LVI or BVI status on survival, survival

data was compared between the groups, those that were LVI/BVI
positive and negative, respectively. Kaplan-Meier survival curves

Table 2

Independent risk factor of pN in multivariate logistic regression analysis.
Variables OR 95% CI P value
Gender - — NS
Age e = NS
Pathological T stage - - NS
Cellular differentiation - - NS
Mode of invasion — — NS
LVI 4.262 1.262-14.397 0.02
BVI - - NS

pN: pathological lymph node metastasis, OR: odds ratio, CI: confidence interval,
LVI: lymphatic vessel invasion, BVI: blood vessel invasion.

for DFS and OS are presented in Fig. 2. With regard to LVI status,
five-year DFS rates were 78.7% for LVI negative and 80.8% for LVI
positive patients. Five-year OS rates were 83.0% for LVI negative
and 75.0% for LVI positive patients. Therefore, LVI status has a little
or no effect on both DFS and OS in OTSCCs. On the contrary,
five-year DFS and OS rates were significantly lower in patients with
BVI positive tumors than those with negative tumors (68.6% versus
90.3%, p=0.028 and 68.6% versus 93.5%, p = 0.013, respectively),
suggesting that the presence of BVl may have an adverse impact
on the DFS and OS in OTSCCs.

Discussion

Although VI is recognized as an important predictor of lymph
node metastasis and a significant prognostic factor in HNSCC, there
is currently no common definition for the pathological evaluation of
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Figure 2A Kaplan-Meier curve for disease-free survival according to LVI status.
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Figure 2D Kaplan-Meier curve for overall survival according to BVI status.

VI status.”*"*® One of the main reasons is that interobserver dis-
crepancy cannot be neglected, and such discordance may result
from difficulties in evaluating VI status by conventional HE staining
alone. Several studies have revealed diagnostic inconsistency be-
tween conventional HE staining and [HC with D2-40 or EVG stain-
ing for the evaluation of pathological state.'’” ' Using a series

comprising 221 stage IA non-small cell lung cancers, Hashizume
et al.”® found that HE staining showed both many false-negative re-
sults and false-positive results compared with D2-40 immunostain-
ing in detection of LVI. In addition, Saad et al.'” reported that using
D2-40 instead of HE staining increased detection of LVI in colorectal
cancers. Moreover, investigating BVI status in 124 T1 colorectal
cancer specimens, Suzuki et al."’ concluded that EVG staining sig-
nificantly increases the positivity rate for BVI and reduces interob-
server discrepancies. These findings suggest that VI status should
be evaluated by LVI and BVI using IHC with monoclonal antibody
D2-40 and EVG staining, respectively, to evaluate VI status precisely
and to minimize interobserver variability. Therefore, in the present
study, we attempted to precisely evaluate the VI status of OTSCCs
according to the above-mentioned methods. Subsequently, we
clearly demonstrated that LVI is a risk factor for cervical lymph
node metastasis and that the presence of BVI correlates signifi-
cantly with recurrence and poor prognosis in patients with OTSCCs.
To our knowledge, this is the first study to precisely evaluate LVI
and BVI separately in primary OTSCCs and reveal the significant
correlation between status and clinicopathological factors.

Several studies on VI status and its correlation with clinicopath-
ological factors in HNSCC have been published. In 1987, Close
et al.”* found a highly significant correlation between the presence
of VI (LVI and/or BVI) in the primary tumor and the development of
cervical lymph node metastasis in 43 HNSCC patients. This is the
first report that showed a statistically significant relationship be-
tween VI status and lymph node metastasis in HNSCCs. A similar
finding was reported by Woolgar et al.>® in which logistic regres-
sion analysis of 45 OSCC patients revealed that VI was a significant
predictor of nodal metastasis. More recently, Jones et al.?’ investi-
gated 72 OSCC patients using univariate analysis and found that
LVI, not VI, correlated significantly with lymph node metastasis.
In the present study, we retrospectively examined 63 patients with
OTSCCs, and univariate analysis revealed that LVI significantly cor-
relates with lymph node metastasis. Moreover, multivariate logis-
tic regression analysis showed that the presence of LVI is an
independent risk factor of nodal metastasis. Although direct com-
parison with previous reports regarding VI status in HNSCCs
should be performed with caution, due to the different evaluation
methods of VI status (HE staining alone versus IHC and EVG stain-
ing), the present results are consistent with previous findings.

Regarding survival, Close et al.”® showed in a series of 65 HNSCC
cases that VI correlates with both recurrence and survival. They
also revealed that only VI had a significant impact on survival
when using multivariate analysis for examining multiple clinico-
pathological factors. Recently, two different findings were pre-
sented. Jones et al.?’ investigated LVI status, not VI status, and
following multivariate analysis reported that the presence of LVI
had the greatest impact on survival in 72 OSCC patients. On the
other hand, Rahima et al.>® showed that LVI did not correlate with
recurrence and survival in 101 HNSCC cases. These controversial
results may be the result of the difficulty of the precise evaluation
of LVI/BVI status by conventional HE staining alone. Thus, in this
study, we tried to evaluate the LVI/BVI status of OTSCCs using
[HC and special staining. Consequently, we clearly demonstrated
that LVI status correlates significantly with lymph node metastasis
and that BVI status has a significant adverse impact on recurrence
and survival in OTSCC cases, suggesting that the status of LVI and
BVI is related to different clinical factors. These observations indi-
cate the importance of separately evaluating LVI and BVI status
using IHC and special staining.

As expected, we showed that LVI, but not BVI, was significantly
associated with the presence of lymph node metastasis in patients
with OTSCC by univariate and multivariate analysis. Based on the
hypothesis that LVI at the primary site is the first step in the devel-
opment of a cervical metastatic focus, this finding seems to be rea-
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sonable.? Of particular interest, although BVI was not correlated

with hematogenous spread such as distant metastasis (data not

shown), Kaplan-Meier survival analysis revealed that patients
" with BVI had a significantly shorter DFS and OS. This observation

showed the difference feature between cancer cells which can in-
. vade blood and lymphatic vessels. In general, there are anatomical
differences in the walls of blood and lymphatic vessels.-Blood ves-
sels have elastic fiber and muscle in their wall, whereas lymphatic
vessels consist of epithelial cells.2??3° Thus, when cancer cells in-
vade blood vessels, they can penetrate the basement membrane
and migrate through the endothelial tight junctions of the ves-
sel.229 Therefore, these cancer cells are more aggressive in nature,
and the presence of BVI at the primary site may be a significant
marker for tumor aggressiveness.

In conclusion, LVI at the primary site evaluated by IHC with

D2-40 was significantly associated with cervical lymph node
metastasis. In addition, the presence of BVI evaluated by EVG stain-
ing correlated with poor outcome in OTSCC patients. Evaluation of
VI status using IHC with D2-40 and EVG staining may be useful for
predicting lymph node metastasis and poor prognosis in OTSCC
cases. To establish a standardized staining protocol and reveal
the clinical significance of both LVI and BVI in patients with OTSCC,
a larger multicenter prospective study is required.
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Ectopic productlon of hair keratin constitutes Rushton’s
hyaline bodies in association with hematogenous deposits

Kei Sakamoto, Rumana Khanom, Miwako Hamagaki, Akira Yamaguchi

Sections of Oral Pathology, Tokyo Medical and Dental University, Tokyo, Japan

A Rushton’s hyaline body (HB) is a concretion occasion-
ally found in odontogenic cysts. Unspecified substances
produced by the lining epithelium or derived from blood
components have been suggested as possible causes of
HB formation, but the origin of HBs is still elusive. This
study aimed to clarify the origin of HBs. Ten specimens
with HBs were obtained from 400 odontogenic cysts. HBs
were stained by orcein and Congo red. Immunohisto-

chemical examination revealed that HBs were positive

for hair keratin and keratin 17. Hair keratin was corni-
centrated in HBs, and cells with hair keratin expression
were hardly seen, while cells with keratin 17 expression
were observed near HBs. HBs were also posmve for
hemoglobin alpha chain. The presence of hair keratm in
HBs was confirmed by Western blot analysis. The pres-
ent study suggests that HBs are formed asa consequence
of two independent events: unusual alteration of epithe-
lial differentiation so as to provide hair 'kerat and

hemorrhage so as to provide erythrocy’clc substances '

Although the ectopic production of hair keratm appears
more essential, our results reconcile, the long-standmg
debate between two theories, the ker in theory versus
the hematogenous theory, concluding that both sub-
stances are required for the genesis of HBs, and also
suggesting that they might be novel non-pathological
amyloidogenic proteins.

J Oral Pathol Med (2012)

Keywords: amyloid; hair keratin; hemoglobin; hyaline bodies;
odontogenic cyst; orcein; Rushton bodies

Introduction

The hyahne body (HB), a structure first reported in 1918
by Dewey (1), was described in detail by Rushton (2).
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HBs are hyaline concretions of linear, curved or circular
shapes, meaSuring up to about 0.1 mm in length, and
they are found in the hnlng epithelium of odontogenic
cysts (2). They occur in between 4% and 10% of
radicular cysts or dentigerous cysts (2—4), producing a
positive result with aldehyde fuchsin and Prussian blue
reaction for iron (2) and with orcein (4 5). They are
negative with von Kossa stain for calcium and the
periodic acid-Schiff reaction for mucopolysaccharides
(2). Based on the results of histochemical examinations
and electron microscopic observations, certain sub-
stances, such as keratins produced by the odontogenic
epithelium, may play a role in HB formation (2, 3, 6-8).
‘As histochemical reactions of HBs are similar to those of
dental cuticles and different from those of epithelial
keratins, particular secretory proteins other than kera-
tins. have also been considered (4, 5). Alternatively,
research has suggested that HBs might be derived from
blood components, because HBs histochemically react
to hemoglobin and iron stains. This hints at a hema-
togenous origin, although a histochemical reaction for
hemoglobin is not specific (9, 10). Electron microscopic
examination suggested that HB was formed of degen-
erating erythrocytes (11), not of a keratinous product of
epithelial cells (11, 12). However, Browne et al. (13)
disproved the possibility of both keratin and erythrocyte
origin, based on the negative results of immunohisto-
chemical staining. There have been few subsequent
investigations (14; 15), and the origin of HBs is still
elusive.

Our interest in the topic derives from an article by
Kusama et al., (16) which showed that ectopic expres-
sion of hair keratin could be detected specifically in the
ghost cells of calcifying cystic odontogenic tumor
(CCOT). We confirmed the result and further found
that hyaline substances in odontogenic epithelial
tumors, such as odontoma and adenomatoid odonto-
genic tumor, were also positive for hair keratin (our
unpublished observation). Considering the histological
similarities between these hyaline substances in odonto-
genic tumors and HBs in odontogenic cysts, these
observations prompted us to check the possibility that
HB formation might be related to ectopic expression of
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_hair keratin in the lining epithelium. In this study, we
test this hypothesis, as well as the hematogenous theory,
using current immunohistochemical techniques.

Materials and methods
Clinical specimens
Four hundred odontogenic cysts, mcludmg 245 radicu-

lar cysts, 146 dentigerous cysts and nine residual cysts, -

were screened for HBs through the archives of the
Dental Hospital of Tokyo Medical and Dental Univer-
sity, and 10 specimens that contained HBs were
obtained. Two specimens of CCOT. and one specimen
of skin containing hair follicles were also collected and
used for controls. The experiment was approved by the
university ethics committee.

Staining

Immunohistochemical staining was performed . using
Shandon’s cassettes. For antigen retrieval, the sections
were autoclaved in TE buffer (10 mM Tris (pH = 9.0)
and 1 mM EDTA) at 120°C for 10 min. The primary
antibodies used in this study were anti-hair keratin
H (AE13; Santa Cruz Biotechnology, CA, USA), anti-
keratin 17 (E3; Dako, Glostrup, Denmark), anti-keratin

19 (EP1580Y; Epitomics, CA, USA), and anti-hemo-
globin alpha chain (EPR3608; Epitomics). The antibod-

ies were diluted 1:500 in 50 mM Tris (pH = 7.6)/0.1%

- Tween 20. As a negative control, the primary antibodies

were replaced by normal rabbit or mouse IgG and
incubated at 4°C overnight. Envision Dual link (Dako)

was used as the secondary antibody. Coloration was .

carried out in DAB substrate. Prussian blue staining,
orcein staining, and amyloid staining were pelformed as
previously described (17). Amyloid staining was also

performed with Direct Fast Scarlet 4BS (Muto Pure

Chemicals, Tokyo, Japan) replacing Congo red

Protein extraction and Western blot analyszs
Paraffin-embedded specimens were secuoned at a thick-
ness of 10 pm and depaIafﬁmzed Tissues were manually
dissected under a microscope. The co]lected tissues were
heated at 95°C for 1h and then at 60°C for 4 h in
extraction buffer (2.6 M thiourea, 5 M urea, 50 mM
Tris-HCI (pH = 8.5), 1% CHAPS, and 5% 2-mercap-
toethanol). SDS-PAGE and Western blot analyses were
performed as previously described (18).

Results

We examined 10 odontogenic cysts (five radicular, four
dentigerous, and:one residual) with HBs, which were
eosinophilic amorphous bodies that were rod-shaped or
curved, or occasionally globular in the lining epithelium
(Fig. 1A): Inflammation was variably observed. Hem-
orrhage or hemosiderin-laden macrophages were
observed in all cases (Table 1). All HBs were strongly
stained by orcein and Congo red (and direct fast scarlet)
(Fig. 1A, Table 1). Birefringence was faintly observed.
Prussian blue stain showed variable results: some HBs
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were strongly stained while the others were almost
negative (Table 1). We next performed immunohisto-

- chemical examination. The anti-hair keratin antibody

was first submitted to validation study, which showed
distinct staining localized in the hair cortex and medulla’
(Fig. 1B). In CCOT, ghost cells and hyahne substances
were positive for hair keratin (Fig. 1C). Hair keratin
was detected specifically in HBs of all the cases. The
staining intensities tended to be less in the cases with
extensive inflammation or hemorrhage (Table 1), sug-
gesting that HB formation is still underway. The
expression of hair keratin in the lining epithelium was
faint, even in cells surrounding HBs (Fig. 1A). We also
examined keratin 17 (K17), which is an epithelial keratin
that is expressed in the external root sheath and medulla
(Fig. 1C) and is usually absent in odontogenic cysts (19,
20). K17 was observed in HBs of all cases and also in the
lining epithelium in a scattered fashion (Fig. 1A). In
addition, HBs were consistently positive for hemoglobin
alpha chain (Fig. 1A). To confirm the immunohisto-
chemical observation, the tissue regions containing HBs
were dissected and protein was extracted for Western
blot analysis. Protein of sufficient quality and quantity
was obtained from two specimens with HBs, which
exhibited a“single band of the expected size (Fig. 1D).

‘Protein samples from cysts without HBs did not reveal

the Western signal. Collectively, these results indicate
that HBs consist of hair keratin, epithelial keratins, and
hemoglobin. Notably, hair keratin, which is not usually
detected in the odontogenic epithelium, was concen-

trated specifically in HBs.

Discussion

The restricted and consistent presence of hair keratin
strongly suggests its essential role in HB genesis. HBs
show a histological appearance that suggests a highly
resilient nature (2), and, in fact, during tissue manipu-
lation we found that HBs were hardly breakable. This
seems consistent with the elastic property of keratin.
The development of hair and teeth is governed by
similar molecular mechanisms (21), and a tendency of
transdifferentiation from odontogenic to trichogenic
cells may occur in tumor cells (16, 22, 23). Hair keratin
production in odontogenic cysts may be understood as a

similar transdifferentiation, or it may be mere dysregu-
lation of keratin expression, as seen in certain cancer

cells. Ectopic induction of truncated hair keratin (ker-
atin 81) occurs in breast cancer cells by activation of a
cryptic promoter (24, 25). Truncated hair keratin
synthesis in HBs seems plausible, and this possibility
should be checked in future studies because some

~ electron microscopic observations have failed to identify

keratin fibers in HBs (11, 12).

We could not ﬁnd cells that were strongly posmve for
hair keratin in ‘our HB samples, suggesting that the
induction of hair keratin expression occurred as a
localized and temporary event. As hair keratins are
induced during terminal differentiation (26, 27), the cells
that produced hair ‘keratins may have already disap-
peared. In contrast, K17 was observed in both the HBs
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Figure 1 Kecratins and hemoglobin constitute hyaline bodics. (A) Hyaline bodics in the lining epithelium of odontogenic cyst. stained with
hematoxyline and cosin (HE), dircct fast scarlet (DFS). anti-hair keratin (HK), anti-keratin 17 (K17). and anti-hemoglobin alpha chain (HBA)
antibodics. The antigen-retricval procedure detached some of the hyaline bodics from the glasses, causing a decrcase in their numbers in
immunologically stained slides (HK. K17, HBA). (B) Hair kcratin and K17 expression in hairs and hair follicles. Hair keratin is expressed
specifically in the medulla and cortex of hair. K17 is expressed in the external root sheath and weakly in the medulla. K17 is also cxpressed in the
myocpithelial cells of the sweat gland. (C) Hair keratin in ghost cclls and hyaline substances in calcifying cystic odontogenic tumor. (D) Western
blot analysis of the protein extracted from paraffin-embedded specimens. Cysts with hyaline bodics cxhibited a signal corresponding to hair keratin
(HK). Keratin 19 (K19) was uscd as a loading control.

Table 1 Clinicopathological summarics. and histochcmical and immunohistochemical results of the hyaline bodics. The site of the lesion is
represented by FDI's two-digit system

Age, sex Site BD Inflammation Hemorrhage Orcein - Congo red™ Fe HK K17 HBA
29, m 11,21 ra i + + + + + + +
42 f 21,22 ra + + + + = + el K
43, m 21,22 ra ++ ++ + + + +73 + 5
47. m 47 ra + o ++ + + 44 +*3 4 +
73.m ~ 2] ra =31 + + - + + + ot
12, 45 de ++ + + + ¥4 L*s - v
13. m 11, 21 de + + + + + + + + +
40. m 48 de +" +"2 + + . + o +
46, m 47 de - +72 + + — + + 4
43. m 36 re + + % e + + + + +

PD. pathological diagnosis: Fe. Prussian blue stain; HK. hair keratin: K17, keratin 17: HBA, hemoglobin alpha chain: ra. radicular cyst; de.
dentigerous cyst: re. residual cyst: *1. inflammation only in the cyst wall excluding the lining epithelium: *2. no hemorrhage. but hemosiderin-laden
~macrophages arc obscrved: *3. although the evaluation was carried out by dircct fast scarlet staining. the title of ‘Congo red” was used because it is
morc familiar as amyloid staining. *4, weak staining; *5. weak staining.

J Oral Pathol Med
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and the cells, which may reflect the differentiation fate of
K17-expressing cells as presumptive precursors of the
medulla (28, 29). .

A piece of evidence that has been used to disapprove
the contribution of keratin to the genesis of HBs was the
different histochemical reactions between HBs and
keratin. HBs are stained by orcein and aldehyde fuchsin,
which do not stain either the epithelium or hair. These
dyes are highly reactive to sulfonic acids. Keratin
contains a high amount of cysteine, and the epithelium
and hair, which are normally unstained, become reactive
to these dyes after oxidization (30, 31). Keratins in HBs
may not be at normal biochemical conditions, but may
have been highly oxidized. As we noticed that orcein
stained the degenerated and fused erythrocytes, which
were virtually negative for keratin (data not shown),
these histochemical reactions in HBs may occur against
hematogenous substances, but not with keratins.

The erythrocytic substances seem to be subsidiary
deposits because of hemorrhage that frequently occurs
in jaw cysts; still, they are indispensable constituents of
HB. The interaction between keratins and hemoglobin

would occur extracellularly, because each protein

derives from cells of different lineages. HBs were
positive for Congo red (and direct fast scarlet), suggest-
ing cross fB-sheet fibrils. Both keratin and hemoglobin
are o-helix-rich proteins. However, extracellular hemo-

globin can convert from o-helix to B-sheet, especially

under acidic conditions (32) Keratins K8 and K18 also
convert to cross B-sheet in hepatocytes of liver dlseases
(33) and aggregate to form inclusions called Mallory—
Denk bodies (34, 35). This conversion is an intracellular
event, but the keratins also spontaneously change their
conformations in vitro when extracted (33). As for the
reason why the hair keratin among other keratins' is
required for HB formation, we think that the ectopic
hair keratin may fail to arrange into filaments because of
the absence of the binding partners. Once keratin fibers
are formed, they are very stable, but a monomeric
keratin would be susceptible to conformational change.
Collectively, we assume that keratins and hemoglobin
are released from dead epithelial cells and erythrocytes,
respectively, undergo B-sheet conversion during degen-
eration, and aggregate to form HBs. Abundance of both
proteins would permit swift formation of HBs, which is
crucial to be histologically recognized, because they will
eventually move out into the cystic space by turnover of
the lining epithelium. Although HB is not a pathogenic
amyloid as seen in protein conformation diseases, our
results would add novel keratins and hemoglobin to the
list of amyloidogenic proteins. Recently, orcein has been
shown to strongly bind to protofibrils of amyloid-B
precursor protein (36). If such is the case, the above-
mentioned orcein reactivity to degenerated erythrocytes
may suggest proamyloid formation by hemoglobin prior
to keratin aggregation.

In conclusion, the present study demonstrates that
HBs are amyloids that are formed as a consequence of
two independent biological events: unusual alteration of
epithelial differentiation so as to provide hair keratin,
and hemorrhage so as to provide hemoglobin. Although
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emphasis should be placed on the ectopic production of
hair keratins, our results reconcile the long-standing
debate between two theories, the keratin theory versus
the hematogenous theory, concluding that both sub-
stances are required for the genesis of HBs. Further-
more, our results would add novel keratins and
hemoglobin to the list of non-pathological amyloido-
genic proteins.
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Abstract

Cholesterol-bearing pullulan (CHP) nanogel is a synthetic degradable biomaterial for drug delivery with
high biocompatibility. Guided bone regeneration (GBR) is a bone augmentation technique in which a mem-
brane is used to create and keep a secluded regenerative space. The purpose of the present study was to
evaluate the effects of the novel CHP nanogel membrane in GBR. Thirty-six adult Wistar rats were used
and bilaterally symmetrical full-thickness parietal bone defects of 5 mm diameter were created with a bone
trephine burr. Each defect was covered with the collagen membrane or the CHP nanogel membrane or un-
treated without any membrane. The animals were sacrificed at 2, 4 and 8 weeks and analysed radiologically
and histologically. Furthermore, after incubating human serum with CHP nanogel or collagen, the amount
of PDGF in the serum was measured using ELISA. New bone formation in terms of bone volume was higher
in the nanogel group than in the control or collagen groups at 2 and 4 weeks. At 8 weeks, both membrane
groups showed higher bone volumes than the control group. Notably, the newly-formed bone in the bone
defect in the nanogel group was uniform and histologically indistinguishable from the original bone,
whereas in the collagen group the new bone showed an irregular structure that was completely different
from the original bone. After incubating with CHP nanogel, the amount of PDGF in the serum decreased
significantly. CHP nanogel GBR membrane favourably stimulated bone regeneration, in which a unique
characteristic of CHP nanogel, the storage of endogenous growth factors, was likely implicated. Copyright

© 2011 John Wiley & Sons, Ltd.
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1, Introduction

Dental rehabilitation of totally or partially edentulous
patients with dental implants has become a routine treat-
ment modality in recent decades, with reliable long-term
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results (Albrektsson et al., 1981, 1986; van Steenberghe,
1989; van Steenberghe et al., 1990; Lindquist et al.,
1996; Buser et al., 1997; Arvidson et al., 1998; Lekholm
et al., 1999; Brocard et al, 2000; Leonhardt et al.,
2002). However, local conditions of the alveolar ridge,
bone volume and bone quality, affect the long-term prog-
nosis. Guided tissue regeneration (GTR) (Nyman et al,
1982, 1990) was originally developed for the treatment
of periodontal defects and then the same concept was
later applied to bone regeneration, which is called guided
bone regeneration (GBR) (Dahlin et al., 1989). Vertical
and horizontal bone augmentation with GBR has been



applied to improve alveolar ridge deformities (Buser et al.,
1993; Simion et al., 1996; Urban et al., 2009). In GBR pro-
cedures, the barrier membrane keeps the bone regenera-
tion space and it also prevents the invasion of fibrous
connective tissue, resulting in new bone formation under
the membrane.

Several different membranes, including non-resorbable
and resorbable membranes, have been developed and
clinically used in GBR. Resorbable membranes have been
generally preferred because the second surgery for its
removal was unnecessary, rendering the procedure less
invasive to patients. Biomaterials such as collagen or
copolylactic/glycolic acid (PLGA) have been developed
as degradable GBR membranes. Since collagen is an
animal-derived material, the risk of unknown infection is
‘undeniable and an unfavourable immune response occurs
in some patients (Charriere et al., 1989; Keefe et al., 1992;
Lynn et al., 2004).

Although PLGA is a completely synthetic material, it
will gradually produce acids, inducing inflammatory
responses. These disadvantages are not clearly noticed
clinically; however, developing more biocompatible syn-
thetic GBR membrane is beneficial.

Hydrophobized polysaccharide, such as cholesterol-

bearing pullulan (CHP), is a unique material for drug de-
livery systems (DDSs) (Akiyoshi et al., 1998, 1999, 2002,
Akiyoshi, 2006). Cholesterol-bearing pullulan (CHP)
self-aggregates to form a monodisperse and stable
hydrogel nanoparticle, in which the domains of the as-
sociated cholesterol groups of CHP provide cross-linking
points in a non-covalent manner (Figure 1). The size
and density of the hydrogel nanoparticle can be con-
trolled by changing the degree of substitution of the
cholesterol groups of CHP. During that substitution pro-
cess, it can incorporate growth factors and act as a mo-
lécular chaperone. We have reported that delivering
prostaglandin E1 with CHP nanogel stimulates wound
healing in rats (Kobayashi et al., 2009). In this previous
study it was surprising to find that CHP nanogel alone
enhanced wound healing. Therefore, the barrier mem-
brane containing CHP nanogel may have great potential
as a GBR membrane. The purpose of the present study
was to evaluate the effectiveness of the novel bioabsorb-
able CHP nanogel cross-linking membrane as a GBR
membrane.

2. Materials and methods
2.1. Collagen mémbrane

A bioabsorbable membrane made of collagen (Koken
Tissue Guide®, Japan) was used.-This material was com-
bined with bovine collagen derived from dermis tissue
and bovine insoluble collagen derived from tendon
(9:1). It was freeze-dried and cross-linked with the addi-
tion of hexamethylenediisocyanate (HMDIC). The colla-

gen membranes were cut into circles with a diameter of -

approximately 6 mm.

Copyright © 2011 John Wiley & Sons, Ltd.
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2.2. Nanogel cross-linking membrane

CHP was synthesized as reported previously (Akiyoshi
et al., 1996). Acryloyl group-modified cholesterol-bearing
pullulan (CHPOA) nanogel was synthesized by the reac-
tion of 2-(acryloyloxy)-ethyl isocyanate (AOI) and CHP.
CHPOA nanogel solution (40.5 pl, 26.7 mg/ml) in Dulbecco’s
phosphate-buffered saline (PBS; pH 7.4) and 5.4 ul DMSO
were mixed and kept at 4°C for 24h. This CHPOA
nanogel solution and 8.1pl solution of PEG-SH in PBS
(481.8 mg/ml) were mixed at the ratio of thiol groups
to acryloyl groups, which was 1:1. Then 13l of the
mixture was placed between two glass slides coated with
Parafilm® for 4h at 37 °C under humidified conditions, to
form a membrane-shaped hydrogel. The diameter and
thickness of the nanogel membrane was 6 and 0.4 mm,
respectively. The prepared membrane was applied to
bone defects of experimental animals within 24 h.

2.3. Animal experiments

The animal experiments in the present study were ap-
proved by the Committee of Animal Experiments, Tokyo
Medical and Dental University.

2.4. ,Surgica'l procedures

Thirty-six adult male Wistar rats, 16 weeks old, were used
and divided into three groups. Prior to the experiment,
the overall health of each rat was monitored for 2 weeks.
The rats were kept in a standard cage (Tokiwa, Japan) in
an experimental animal room at 22 = 3 °C at 40-60% hu-
midity and 1 atm, on 6:00-20:00 light, fed a standard lab-
oratory diet (CE-2 CLEA Japan Inc.) and given sterilized
water. The animals were anaesthetized with a combination
of ketamine (40 mg/kg)-xylazine (5mg/kg). In addition,
approximately 0.4 ml local anaesthesia with lidocaine-HCl
containing epinephrine 1/80 000 (2% Xylocain, Astra Japan
Ltd, Fujisawa Pharmaceutical Co. Ltd, Osaka, Japan) was
injected at the surgical site. A cutaneous flap was created
by making a mid-sagittal incision through the skin, which
was raised from the forehead. The periosteum was incised
and elevated to expose the calvarial bone on both sides of
the midline. Two symmetrical, full-thickness bone defects
with outer diameter of 5 mm were created with a bone tre-
phine burr (Tele Components Co., Germany) under contin-
uous saline irrigation. The defects were covered with CHP
nanogel cross-linking membrane or collagen membrane or
without any membrane. The animals were sacrificed under
chloroform anaesthesia at 2, 4 and 8 weeks after the sur-
gery and analysed radiologically and histologically.

2.6. Radiographic evaluation

The calvariae were dissected out and fixed in neutral 10%
formalin and then analysed using micro-CT (uCT;
InspeXio, Shimadzu Science East Corp., Tokyo, Japan) to
measure the bone volume in the defect area.
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Figure 1. Scheme of acryloyl group-modified cholesterol-bearing pullulan (CHPOA). (A) Chemical structure of CHPOA nanogel. (B)
Schematic illustration of CHPOA. (C) Schematic illustration of CHPOA nanogel cross-linking hydrogel (CHPOA-PEGSH)

2.7. Histological analysis

After radiographic analysis the calvariae were decalcified
in 5% formic acid for 2 weeks. The specimens were dehy-
drated in ascending grades of ethanol, embedded in par-
affin and sectioned 5pm thick in the sagittal direction
with a microtome. The sections were stained with haema-
toxylin and eosin (H&E).

2.8. PDGF concentration after incubating serum
with materials, ELISA

Whole blood (50 ml) was obtained from the arm vein of a
healthy, non-smoker male donor aged 34 years. After be-
ing stored overnight in a glass tube at room temperature,
serum was prepared. The serum was incubated in three
different combinations: serum alone, serum with collagen
membrane and serum with nanogel membrane. The di-
ameter of both membranes was 6 mm. These combina-
tions were prepared in Eppendorf-type 1.5ml vials and
incubated for 3h at room temperature. Then, PDGF-BB
concentration in the serum was measured using an ELISA
kit (Human PDGF-BB ELISA Kit, Ray Bio®, Ray Biotech
Inc., Norcross, GA, USA) according to the manufacturer’s
instructions.

Copyright © 2011 John Wiley & Sons, Ltd.

2.9. Statistical analysis

Data, apart from the ELISA result, were first analysed by
one-way ANOVA. When this analysis suggested a signifi-
cant difference between groups, the data were further
analysed by Tukey post hoc multiple comparison tests, us-
ing SPSS software (v 11.5, SPSS, Chicago, IL, USA). For
ELISA assay, statistical evaluation was performed with
Student’s t-tests (SPSS v 11.5). p < 0.05 was considered
to be statistically significant.

3. Results
3.1. Radiographical images

Post-operative soft tissue healing was similar in all three
groups without any membrane exposure in both mem-
brane groups. The radiographical images of all the groups
at 2, 4, and 8 weeks are presented in Figure 2. In the con-
trol group, newly formed bone could be seen only at the
surrounding edge of the defect. In the collagen membrane
group, part of the membrane appeared to be calcified,
whereas in the CHP nanogel membrane group newly
formed bone could be observed in almost the entire
defected area. The surface of new bone in the CHP

J Tissue Eng Regen Med (2011)
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Figure 2. Cross-sectional micro-CT images of the bone defects at 2, 4 and 8 weeks

nanogel group was smooth; however, that in the collagen
group was irregular. Volume of the newly formed bone is
shown in Figure 3. New bone volume in the defect area in
CHP nanogel group was highest at 2 and 4 weeks. At
8weeks there was no statistical difference of newly-
formed bone volume between the collagen and CHP nano-
gel groups. Newly-formed bone volume in the control
group was lowest at the three time points.

Bona volume (mm)
o

2weeks

4weeks

3.2. Histological images

Histological images are presented in Figure 4.
Corresponding to the radiographical images, new bone
formation in CHP nanogel was prominent at 2 and
4weeks compared with the other two groups. Notably,
newly-formed bone in the CHP nanogel group was mature
bone containing less connective tissue (Figure 4c, f, i, 1),

# Control
CGallagen
= Nanogel

Bweeks

Figure 3. Bone volume in the defects at 2, 4 and 8 weeks. The data were obtained with micro-CT analysis. *p < 0.05, **p < 0.01

Copyright © 2011 John Wiley & Sons, Ltd.
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Figure 4. Histological images at 2, 4 and 8 weeks. High-magnification images of the parts of low-magnified images are presented;

H&E staining

whereas in the collagen group less mature irregular bone
was observed (Figure 4b, e, h, k). In addition, in the CHP
nanogel group new bone formation occurred under the
membrane, while it was observed both inside and under
the membrane in the collagen group.

3.3. PDGF concentration after incubating serum
with materials, ELISA

After incubating serum with the membranes, PDGF-BB
concentration in the serum was measured. PDGF-BB con-
centration in the serum was the lowest when the serum
was incubated with CHP nanogel membrane (Table 1),
suggesting that CHP nanogel membrane trapped PDGF-
BB in the material.

4. Discussion

The principle of GBR was originally explored for bone
augmentation of the alveolar process in conjunction with

Table 1. PDGF concentration in the serum after incubating
with collagen membrane or CHP nanogel membrane

Mean =+ SD (pg/ml)

Serum 164.0+5.0 5
Serum + collagen 163.3 +4.7 ;]
Serum + nanogel 151.9+6.7

*p < 0.05, significantly different from one another.

Copyright © 2011 John Wiley & Sons, Ltd.

oral implant therapy (Dahlin et al., 1988; Buser et al.,
1993; Simion et al., 1996; Urban et al., 2009). In GTR
and GBR, a membrane is used to keep regenerative space,
preventing the invasion of the unfavourable surrounding
tissue. The concept of tissue engineering is to provide
the three key players to the regenerative site: cells, signal
molecules and scaffolds; it is obvious that in both GTR
and GBR, cells, signal molecules and scaffolds are endog-
enous. The progenitor cells are derived from the tissue
facing the regenerative site, not from the tissue separated
by a membrane. Signal molecules from activated platelets,
such as PDGF and TGF-f, initially work for proliferation
and differentiation of osteogenic cells. As scaffolds, fibrin
initially plays important roles in regeneration. Collagen
and other extracellular matrices are produced by the cells
in the regenerative space and they work as scaffolds.
Thus, GTR and GBR are characterized as encouraging en-
dogenous regenerative ability by providing a space for
regeneration.

In the present study, a bone defect model of rat calvaria
was used to evaluate two types of GBR membrane. Al-
though bone regeneration in the internal bone defect is
different from external bone augmentation in GBR, the
potential of the material for GBR membrane could be
evaluated in the internal bone defect model of the present
study. The present bone defect of 5mm diameter did not
heal spontaneously at 8 weeks when the defect was left
without a membrane. The proliferation of undesired soft
tissues in the bone defect interrupts the proliferation of
bone forming cells from the periphery of the defect
(Dahlin et al., 1988; Kostopoulos et al., 1994; Himmerle
et al., 1995). Any material with some degree of biocom-
patibility can work as GTR or GBR membrane. Methyl

J Tissue Eng Regen Med (2011)
DOI: 10.1002/term



cellulose was initially used as a GTR membrane. Polyte-

trafluoroethylene (PTFE), polyglycolic and polylactic -

acids (PLGA) and collagen have been clinically applied
as GBR membranes (Bunyaratavej and Wang, 2001). Fur-
thermore, other materials, such as chitin/chitosan and al-
ginate, have also been investigated as GBR membranes
(Eun-Jung Lee et al., 2009). Our previous studies demon-

strated  the high biocompatibility of CHP nanogel

(Kobayashi et al., 2009), which is one of the required
properties for wound dressing and also for GBR mem-
branes. Compared with the other materials, the uniqueness
of CHP nanogel is to trap hydrophobic and hydrophilic
molecules inside. Since CHP nanogel. contains >90% of
water, the water in the gels would be exchanged for tissue
exudates. After incubating in serum for the ELISA assay,
the colour of the nanogel changed into yellow, similar to
the colour of the serum. PDGF is synthesized mainly by
megakaryocytes and is stored in the o-granules of platelets.
When platelets are activated, PDGF is released. In vitro,

PDGF-AA and PDGF-BB enhance the proliferation of

multiple types of bone cells, including both ostecblast and
~ osteoclast lineages (Hadjidakis and Androulakis, 2006;
Zhang et al., 1998). Although long-term exposure to
PDGF reduces alkaline phosphatase activity and minerali-
zation (Hsieh and Graves, 1998), application of PDGF
stimulates regeneration of periodontal tissue and bone
(Nevins et al., 2009). V

In our previous study, CHP nanogel alone stimulated
wound healing in rats (Kobayashi et al., 2009) and we
speculated that CHP nanogel stored endogenous growth
factors in wound exudates. In the present study, the de-
crease in the amount of PDGF-BB in the serum was small
but significant after incubating the serum with CHP nano-
gel membrane. The result of the ELISA assay indicated
that CHP nanogel membrane has an ability to store
PDGF-BB. It is also possible that CHP nanogel membrane
would store not only PDGF-BB but also other growth
factors produced at the regenerative site. In addition to
PDGEF-BB, TGF-f3, VEGF and FGF are also produced in
and around the bone defects. It is likely that after stor-
ing growth factors at the regenerative site, CHP nanogel
membrane would gradually release these growth factors
during membrane degradation; in other words, it is rea-
sonable to conclude that CHP nanogel membrane works
as signal molecule attractant and reservoir at the regen-
erative site.

In the present study, both collagen and CHP nanogel
membrane stimulated bone regeneration compared to
the control, in which no membrane was applied. The
amount of newly-formed bone at the early time point
and the quality of the bone in the CHP nanogel group
were superior to that of the collagen group. The character
of the CHP nanogel membrane, storing and releasing en-
dogenous growth factors, could partly explain this differ-
ence. In the histological images, bone was formed under
the membrane in the CHP nanogel group, whereas it
was formed both inside and under the membrane in the
collagen group. In the uCT images we also observed the
irregular surface of the regenerated bone facing the

Copyright © 2011 John Wiley & Sons, Ltd.
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membrane in the collagen group. It is plausible that the
collagen membrane used in the present study worked
not only as a barrier membrane of GBR but also as a scaf-
fold for bone regeneration. - ‘
CHP nanoge! consists of pullulan and cholestesterol.
Pullulan is a polysaccharide industrially prepared from
starch and its medical application has been approved.
CHP nanogel has already been used clinically for deliver-
ing insulin (Akiyoshi et al., 1998), interleukin 12 (Shimizu
et al., 2008) and cancer antigen (Kageyama et al., 2008);

in these studies, CHP nanogel did not exert any adverse

effect. Therefore, CHP nanogel is an extremely safe mate-
rial. The uniqueness of CHP nanogel is that it can incorpo-
rate growth factors and acts as a molecular chaperone.
Thus, CHP nanogel is an ideal material for delivering
growth factors. We have delivered BMP2 with CHP nano-
gel to the parietal bone of mice and observed new bone
formation (Hayashi et al., 2009). In addition to growth
factors, CHP nanogel can incorporate small biologically
active molecules. Using CHP nanogel we have also deliv-
ered prostaglandin E agonist and prostaglandin E1 to
bone and skin wounds, respectively, and reported the
stimulation of bone and skin regeneration (Kobayashi
et al., 2009; Kamolratanakul et al., 2011). The present
study demonstrated that CHP nanogel membrane alone
stimulated bone regeneration; however, delivering biolog-
ically active molecules, such as BMP and prostaglandin
E1, with CHP nanogel would be effective and promising
in bone regeneration (Hayashi et al., 2009). Although
CHP nanogel membrane is promising as a GBR mem-
brane, we have to solve the following two points before
applying this membrane in GBR clinically. First, the
membrane should be stable for a long time at room
temperature. In the present study, CHP nanogel mem-
brane was prepared within 24h before the surgical
application. It would be possible to make CHP nanogel
membrane durable for a long storage period, because
we observed that dried CHP nanogel membrane was
also effective in the same bone defect model (authors’
unpublished data). Second, enhancement of mechanical
strength of the membrane is absolutely required. The
present CHP nanongel membrane is strong enough to
cover over a relatively small bone defect; however, it is
obviously too weak to be applied for vertical or horizontal
bone augmentation. Combining CHP nanogel membrane
with biodegradable polymer would solve this problem.

5. Conclusion

The present results indicate that novel CHP nanogel cross-
linking membrane would be potentially effective as a GBR
membrane. '
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