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Cancer Stem Cell Theory and Head & Neck Cancer

Atsushi Suehiro and Shin-ichi Kanemaru

(Kyoto University)

Cancer stem cells (CSCs) are a sub-population of cancer cells that are the main tumorigenic cells in
tumors. These cells possess characteristics normally associated with stem cells. CSCs have stem cell
properties such as self-renewal and the ability to differentiate into multiple cell types, therefore these
cells are supposed to be derived from normal adult stem cells or progenitor cells. The cancer stem cell
theory suggests that only CSCs within the tumor can self-renew and proliferate extensively to form new
tumors. In several different types of cancer, it has been demonstrated that a distinct subset of cells ini-
tiates tumors i vivo, whereas the remaining cells do not. Development of flow cytometry, iz vifro bioas-
say, and immunodeficiency mice have contributed to rapid progress in CSC research. CSCs were identi-
fied for the first time in human acute myeloid leukemia, in 1997. Thereafter, CSCs have been identified
in breast cancer, brain cancer, colon cancer, and pancreatic cancer. As for the head and neck region, in
2007, Prince et al. reported that all cells that have tumorigenic potential were contained within the
CD44~Lin~ population in head and neck squamous cell carcinoma. To date, CSCs have not been found in
thyroid cancer, or salivary cancer. Tumors often respond to chemotherapy initially, but frequently recur,
suggesting that residual stem cells remaining after therapy are responsible for tumor recurrence. CSC-
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targeting chemotherapy should lead current cancer treatment to a new stage.

Key words : cancer stem cell, head and neck cancer, chemotherapy
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ORIGINAL ARTICLE

In situ tissue engineering of canine skull with guided bone regeneration

HIROO UMEDA!, SHIN-ICHI KANEMARU', MASARU YAMASHITA',
TSUNEHISA OHNO', ATSUSHI SUEHIRO’, YOSHIHIRO TAMURA',
SHIGERU HIRANO', TATSUO NAKAMURA?, KOICHI OMORI’ & JUICHI ITO'

' Department of Orolaryngology—Head and Neck Surgery, Graduate School of Medicine and, 2Department of Bioartificial
Organs, Institute for Frontier Medical Sciences, Kyoto University, Kyoto and >Department of Otolaryngology, Fukushima
Medical University, School of Medicine, Fukushima, Japan

Abstract

Conclusion: Calcium alginate (CA) membrane prevents excessive fibrous tissue intrusion and/or dislocation of a bone
scaffold. However, CA membrane did not always accelerate cranial bone regeneration. Objective: We previously reported
skull regeneration using a bone substitute material (BSM), which consisted of collagen-coated beta-tricalcium phosphate
and autologous bone fragments, and bone marrow-derived stromal cells (BSCs). However, excessive fibrous tissue intrusion
or dislocation of the BSM occasionally interrupted bone regeneration. To avoid such problems, we examined CA
membrane, which is useful for guided bone regeneration (GBR), to investigate whether this material maintains the bone
regenerative space. Materials and methods: Bone defects (2 x 2 cm) were created in the skulls of 12 adult beagle dogs using
the same clinical procedure. Four experimental models were tested with or without BSM plus BSCs or CA membrane. In
group I, the original free bone flap was replaced at the defect. In group II, after replacing the bone flap, the defect was
covered with CA membrane. In group III, BSM plus BSCs were used as a gap filler. In group IV, BSM plus BSCs and CA
membrane were applied. Histological examinations were performed 3 and 6 months after the operation. Results: In groups I
and II, bone regeneration was not observed but fibrous tissue intrusion was prevented in group II. Bone neogenesis was
more observed in group III than in group IV at 3 months (p <0.05). At 6 months, the regenerated areas were larger than
those observed at 3 months, burt the differences between groups III and IV were not statistically significant.

Keywords: Cranial bone regeneration, in situ tissue engineering, beta-tricalcium phosphate, calcium alginate membrane,
guided bone regeneration

Introduction ’ In our previous experiments, cranial bone regenera-
tion was confirmed using a bone substitute material
(BSM), which consisted of collagen-coated beta-
tricalcium phosphate (B-TCP) and autologous bone
fragments [1,2], and bone marrow-derived stromal
cells (BSCs) [2] with in situ tissue engineering
techniques [3]. However, cranial bone regeneration
was not seen in every case. In these failures, disloca-
tion of the scaffold and intrusion of fibrous tissue into
the regenerative site were observed, preventing bone

We have previously reported attempts at cranial bone
regeneration with tissue engineering techniques to
resolve difficulties in conventional skull repair [1,2].
Conventional skull repairs have been performed by
fixing the bone flap to surrounding bone with
artificial devices such as metal plates or meshes.
These repairs cause deformation of the reconstructed
site after surgery and have the additional disadvan-

tage of creating imaging artifacts in computed regeneration. Moreover, the volume of regenerated
tomography (CT), magnetic resonance imaging bone was <70% of that of original bone. To resolve
(MRI), and radiographs. We have previously found these disadvantages, the packed BSM needs to be
that when we apply bone regeneration techniques in a kept in place, especially given the incipient volume
clinical setting, bone regeneration should be assured. decrease.
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There is a tissue-engineered concept known as
guided bone regeneration (GBR), which is popular
for alveolar bone regeneration in oral surgery and
dentistry [4]. The objective of GBR is to promote
bone formation by offering a suitable environment
for bone regeneration using a barrier membrane. A
barrier membrane is designed to maintain the
regenerative space [4,5] and to prevent fibrous tissue
intrusion [5,6] and infection of the bone defect [7].
If the barrier membrane works properly in cranial
bone regeneration, it would be possible to resolve the
problems encountered in the previous study. There-
fore, we applied the concept of GBR to cranial bone
regeneration.

In cranial bone regeneration, the barrier mem-
brane should be biodegradable because it is difficult
to remove after surgery. Calcium alginate (CA) has
been reported to be an effective material for GBR
[8-10]. CA, which is abundant in brown algae, is
biodegradable, safe, and cheap. It is widely used as a
food additive, such as a thickening agent for soups,
jellies and ice cream, and in the health-care industry
for antacid preparations and burn dressings [11]. In
this study, we investigated whether a CA barrier
membrane could function as a barrier membrane in
canine cranial bone regeneration.

Materials and methods
Bone substitute materials

B-TCP (Osferion; Olympus Co. Ltd, Tokyo, Japan)
was used in this experiment (Figure 1A). This
bioceramic has interconnected pores with a porosity
of approximately 75%. There are two types of pores
— microscopic and macroscopic. The macroscopic
pore diameter is 100400 pm (Figure 1B) and
microscopic pore size is <5 pum (Figure 1C). The
composite scaffold was made of B-TCP and collagen
(Figure 1D-F). Two milliliters of 1% v/w collagen
hydrochloride solution and 1 g of granular B-TCP
were mixed and cast into sheet shape, then the
mixture was freeze-dried. To control the rate of
bioabsorption, the mixture was subjected to dehy-
drothermal (140°C, 24 h) treatment in vacuo, which
resulted in cross-linking of the collagen molecules
[12]. B-TCP was coated with collagen that was
extracted from porcine skin by enzymatic treatment
with pepsin (Nippon Meatpackers, Ibaraki, Japan).
The collagen consisted of 70-80% type I and 20-30%
type III [12]. Removal of the telopeptide from the
collagen eliminated its antigenicity. The dry weight
ratio of B-TCP and collagen was 98:2. A mixture of
bone shavings obtained by drilling burr holes in
the skull and fibrin glue (Bolheal; Kaketsuken,
Kumamoto, Japan) was used as bone putty. The
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same amounts of autologous bone putty and compo-
site scaffold were mixed and used as a BSM [2].

Bone marrow-derived stromal cells (BSCs): tsolation
and cultivation

Under general anesthesia with ketamine and xyla-
zine, an initial 2 ml of bone marrow was aspirated
from each dog’s humerus. The bone marrow cells
were placed in a 200 cm® flask with 15 ml Dulbec-
co’s modified Eagle’s medium (DMEM; Gibco,
Invitrogen Co., Carlsbad, CA, USA) containing

.10% fetal bovine serum (FBS) and an antibiotic-

antimycotic mixture (Gibco, Invitrogen Co.). The
cells were cultured at 37°C (MCO-17AIC carbon
dioxide incubator, Sanyo Co., Osaka, Japan) for 48 h
to allow the BSCs to adhere to the bottom of the
flask. The medium was subsequently changed twice
a week until the cells reached confluence. Non-
adherent cells were removed during the medium
change procedure. When BSCs were confluent, the
cells were detached enzymatically from the flask with
0.25% trypsin with ethylen diamine tetra-acetic acid
(EDTA; Gibco, Invitrogen Co.), and passaged twice
to further expand the BSC culture in 500 cm> flasks.
Just before transplantation, the BSCs were again
detached from the bottom of the flasks with 0.25%
trypsin with EDTA. After neutralization of the
trypsin solution and thorough washing of the cells
with DMEM containing 10% FBS and antbiotic-
anitimycotic mixture, the BSCs were counted with a
hemacytometer (Bright-Line; Becton Dickinson,
Franklin Lakes, NJ, USA) and collected by centri-
fugation at 3500 rpm for 3 min (LX-120 centrifuge;
Tomy Co., Tokyo, Japan), and then diluted by
adding 0.2 ml PBS for the operation. The average
number of BSCs used in the operation was 15 mil-
lion (range 6-24 million). The number of implanted
BSCs was not statistically different in groups III
and IV.

Preparation of CA membrane

A 3 ml aqueous 2% sodium alginate solution (31131-
85, Nacalai Tesque Inc., Kyoto, Japan) was prepared
and was spread evenly onto a petri dish (10 cm
diameter). A 3ml aqueous 3% calcium chloride
solution (039-00475, Wako Pure Chemical Indus-
tries Ltd, Osaka, Japan) was added to the solution of
sodium alginate for 3 min. The reaction liquid was
removed and the generated membrane was washed
with distilled water. Both solutions for this reaction
were sterilized by ultraviolet exposure for 30 min.
The CA membrane was cut to size to cover the whole
defect gap in one sheet. The approximate size of the
membrane was 3.5 x 3.5 cm (Figure 2A, B).
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Figure 1. (A-C) B-Tricalcium phosphate (B-TCP). (D-F) Composite scaffold. (A, D) Macroscopic image, scale bar =10 mm. (B, C, E, F)
Scanning electron microscopy micrographs: (B, E) scale bar =200 pm; (C, F) scale bar =20 pm. (B) The macroscopic pore diameter is
100400 pm. (C) Microscopic pore size is <5 pm. (E, F) Collagen was coated on the surface of p-TCP.

Animals and surgical procedures

Twelve adult beagle dogs were used (weight 8-16 kg).
The dogs were anesthetized with ketamine hydro-
chloride (5.0 mg/kg; Sankyo Co. Ltd, Tokyo, Japan)
and xylazine hydrochloride (2.0 mg/kg; Bayer Co.
Ltd, Tokyo, Japan). A 5 cm bow-shaped skin incision
was made in the parietal region of the skull and a
bone defect was made in the temporoparietal region,
using the same methods utilized in a clinical proce-
dure. A bone saw and a perforator (Stryker Total
Performance System Console; Stryker Japan, Tokyo,
Japan) were used for making the bone flap. Each
square bone flap was approximately 2 x 2 cm. Small
full-thickness holes were made above the side of every
flap and cranial bone. The bone flap was fixed to the
original bone with 3-0 nylon sutures (Figure 2C).
Dogs were divided into four groups. In both
groups I (z=2) and II (n =2), the bone defect was
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closed by replacing the original free bone flap
without filling the residual gap. In group II, the
defect was then covered with the CA membrane
(Figures 2A and 3B). These two groups were
designed to check the effect of CA membrane itself
at 3 months. In group III (n =4), autologous BSCs
and the BSM were used to fill the gap (Figure 2D
and Figure 3C). In group IV (n=4), the gap was
filled with autologous BSCs and the BSM and then
covered with the CA membrane, which was fixed
with the fibrin glue (Figures 2A, D and 3D).
The latter two groups were designed to assess
synergetic effects of CA membrane on autologous
BSCs and BSM at 3 and 6 months. Antibiotics
were administered for prevention of postoperative
infection. Animal care, housing, and experimental
procedures were conducted in accordance with the
ethical regulations of the animal research commit-
tee in Kyoto University and in compliance with
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Figure 2. (A) Calcium alginate (CA) membrane, used as a barrier membrane for groups II and IV. Scale bar =10 mm. (B) Scanning
electron microscopy micrographs of a dried CA membrane. Scale bar =200 pm. (C) Design of the bone flap. (D) A mixture made of bone
substitute material (BSM) and autologous BSCs, used as a filler for groups III and IV.

the Guidelines for Animal Experiments of Kyoto
University (1985).

Assessment

Under sufficient anesthesia, all dogs were sacrificed
by intracardiac administration of 10 ml of pento-
barbital sodium (Nembutal; Dainippon Pharma-
ceutical Co. Ltd, Osaka, Japan) 3 and 6 months
after the treatment. Appropriate sections from each
surgery site were excised, fixed in buffered form-
aldehyde, decalcified, and embedded in paraffin.
Histological preparations of the operative regions
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were examined using hematoxylin and eosin.
Groups I and II were evaluated to determine
whether fibrous tissue intrusion was observed,
and how much regenerative space was preserved
at a cross-section of each drilled hole. Image
analysis was performed from cross-sections at the
diameter of each drilled hole in groups III and IV.
According to the position of the original bone, the
area at which regeneration should occur was
defined as 100%. The ratio of the area of new
bone (without B-TCP) or B-TCP was calculated
from histological findings of each hole. Image ]
(open source, developed by National Institute of
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Figure 3. Intraoperative photographs. (A) Group I: the original free bone flap was replaced at the defect. (B) Group II: the defect was
covered with calcium alginate (CA) membrane after replacing the bone flap. (C) Group III: BSM plus BSCs was used as a gap filler. (D)

Group IV: BSM plus BSCs and CA membrane was applied.

Health, USA) was used to analyze both areas. A
Mann-Whitney U-test was used for all statistical
analyses.

Results

Fibrous tissue without bone formation filled the
defect in animals in group I (Figure 4A). Fibrous
tissue also occupied almost the entire defect in
animals in group II (Figure 4C). However, cranial
bone neogenesis was identified around the edge of the
original bone in two holes out of eight (Figure 4C).
Fibrous tissue from the superficial layer did not
intrude over the barrier membrane in five holes
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(p <0.01), although the membrane was weak enough
that it bowed into the regenerative site only to be
kept <70% of original area (Table I). Bone neogen-
esis was observed in many gaps in animals in groups
IIT and IV. The regenerating area of each hole varied
widely, from being absent to being nearly complete
(Figures 5-8). In group IV at 3 months, fibrous tissue
rarely intruded and the surface of the regenerative site
was smooth in contrast with group III. However,
more -TCP and less new bone formation (p <0.05)
were observed. At 6 months, the regenerated areas
were larger than those observed at 3 months, but the
differences between groups III and IV were not
statistically significant (Figure 7). In contrast, the
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