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the remnant infectivity in the treated samples. In addition,
a protein misfolding cyclic amplification (PMCA), which is
a highly sensitive method for detecting minute amounts of
PrP>° [17,18], was employed for the detection of residual
PrP5° following the Maillard reaction.

Materials and methods

Maillard reaction. The hamster-adapted scrapie prion strain Sc237 was
propagated in hamsters. The brains of hamsters in the terminal stage of
the disease, titrating 5 x 1083 lethal dose (LDsg) per gram by bioassay [19],
were pooled and homogenized at a concentration of 20% (w/v) in PBS.
The homogenate (250 pul) was mixed with an equal volume of 0%, 10%,
20% or 40% (w/v) of glucose~PBS solution in the presence of 2% (w/v)
sodium hydrogen carbonate. Since the kinetics of the Maillard reaction
depend upon the pH and temperature conditions and the maximum
reaction velocity can be obtained in pH ranges of 9-10 [20-22], sodium
hydrogen carbonate was added to the reaction buffer as a pH-controlling
reagent. After incubation for 30 min at room temperature, the samples
were heated to 100 °C and kept for 3 h. After the above treatment, the
samples were cooled down to the ambient temperature and the resultant
materials were stored at —80 °C until further use.

Western blotting and sequential PMCA. The samples treated by the
Maillard reaction and a control sample were mixed with an equal volume of
2x SDS sample buffer and incubated at 100 °C for 5 min. The samples were
separated by SDS-PAGE and transferred onto a polyvinylidene fluoride
membrane (Millipore, Bedford, MA). After blocking, the membrane was
incubated for 1h with horseradish peroxidase-conjugated 3F4 (1/2500;
Signet Laboratories, Dedham, MA) or SAF32 (1/2500; Cayman chemical,
Ann Arbor, MI) monoclonal antibodies. After washing, the blotted mem-
brane was developed with the ECL + Plus Western Blotting Detection

System (Amersham Biosciences, Buckinghamshire, England) according to -

the manufacturer’s instructions. The chemiluminescence signals were ana-
lyzed using the Light Capture System (ATTO, Tokyo, Japan).

We used the PMCA procedure described in our previous study [19).
Briefly, normal hamster brains were homogenized at 10% (w/v) in PBS-
containing complete protease inhibitors (Roche Diagnostics, Mannheim,
Germany), 1% Triton X-100, and 4 mM EDTA. The supernatant was
separated by brief centrifugation and used as the PrP source. The sample
was diluted 1:10 in normal brain homogenate, and one round of the
PMCA reaction was carried out by performing 40 cycles of sonication
followed by incubation at 37 °C for 1 h. Next, the process of dilution
(1:10) of the PMCA product and its subsequent amplification was repe-
ated two times. In the case of PMCA products, before and after each
round of amplification, samples (10 ul} were mixed with 10 pl of pro-
teinase K (PK) solution (100 pg/ml) and incubated at 37 °C for 1 h. The
digested materials were analyzed by Western blotting using the 3F4
antibody as described above.

Bioussay. The inactivated samples were ultrasonicated immediately
before inoculation. In the preliminary experiments, convulsions developed
in the mice inoculated with the samples containing 5% or 10% glucose at
final concentration, and some mice died within 15 min. Therefore, the
samples with 20% glucose at final concentration and those without glucose
(temperature control) were injected intracerebrally into five or six
Tg52NSE mice (20 pl per mouse) that exhibited over expression of ham-
ster PrPC in their nerve system [23]. All animal experiments were per-
formed according to the guidelines of the National Institute of Animal
Health.

Results
Characterization of PrP> after the Muaillard reaction

Fig. 1 illustrates the results of Western blotting follow-
ing the Maillard reaction. The signal intensities of both
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Fig. 1. Western blot analysis of prion protein in the Sc237-infected
hamster brain homogenate following the Maillard reaction. A 20% brain
homogenate and 0-40% of the glucose solution were mixed in equal
quantities: the mixture was then incubated at 100°C for 3h in the
presence of 2% sodium hydrogen carbonate. The samples were separated
by SDS-PAGE, and the blotted membranes were then incubated with 3F4
(A) or SAF32 (B) antibodies. The lanes labeled “C” were the controls in
which no glucose was added to the mixture before heating. The positions
of molecular-weight standards (15-250 kDa) are also shown.

3F4 (A) and SAF32 (B) epitopes of prion protein did not
differ greatly in the samples before (lane “C”) and after
heating in the presence of sodium hydrogen carbonate
alone. The 3F4 epitope (MKHM) could no longer be
detected following the Maillard reaction in the presence
of 5-20% of glucose. The chemical modification of the
lysine residue located in the epitope by glucose is probably
responsible for this observation. On the other hand, the
SAF32 epitope within the octapeptide repeat region
(WGQPHGGG) could be detected as broad signals follow-
ing the Maillard reaction. The epitope did not consist of
reactive amino acid residues; therefore, the antigenicity
was maintained after the Maillard reaction. The molecular
weight of the prion protein detected by the SAF32 anti-
body was significantly increased, indicating that the addi-
tion of glucose to the reactive amino acid residues
located outside of the epitope proceeded to various extents
during the reaction. These results suggested that the molec-
ular structure of prion protein was considerably altered by
the Maillard reaction.

Assessment by the bioassay and PMCA

The control mice inoculated with the untreated samples
developed the disease after an average period of
45 + 2 days (average 4 SD, n = 5, Fig. 2). The mice inocu-
lated with the heat-treated (100 °C for 3 h) control sample
died after an average period of 49 4-2 days (n=5). The
onset of the disease in the mice inoculated with the sample
containing 20% glucose at final concentration treated by
the Maillard reaction was significantly delayed; however,
they died after an average period of 1154 30 days
(n=6). The reduction in infectivity was estimated to be



K. Suyama et al. | Biochemical and Biophysical Research Communications 356 (2007} 245-248 247

100

75 + )
'
N
50 r

% survival

1 :

0 50 100 150 200
days post inoculation

Fig. 2. Survival curves of Tg52NSE mice inoculated with the infected
brain homogenates. Dotted line, no treatment; broken line, heat treatment
(100 °C, 3 h) alone; solid line, the Maillard reaction with 20% glucose at
final concentration.
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Fig. 3. PMCA of the sample containing 20% glucose at final concentra-
tion following the Maillard reaction. The sequential PMCA was
performed according to the procedure described in our previous report
[19]. The samples were analyzed before (—) and after (+, in duplicate) each
round of amplification by Western blotting following digestion with PK.
The lanes labeled “NS” were the controls in which the uninfected brain
homogenate (PrP€ only) was treated in the same manner. No signals were
detected in these samples. The lanes labeled “Heat treatment” denote the
controls in which the infected brain homogenate was subjected to only
heat treatment (100 °C, 3 h). The arrows indicate the positions of the
molecular-weight markers corresponding to 30 and 20 kDa. nt, not tested.

107> on the basis of the incubation time obtained from
the previous study [19].

Fig. 3 shows the results from the amplification of the
samples treated by the Maillard reaction. In the first and
second rounds of amplification, no protease-resistant PrP
(PrP™) signals were detected in the samples. However,
after three rounds of amplification, the PrP"* signals could
be detected in both the duplicated samples. These results
suggested that a minute amount of PrP>° remained unmod-
ified in the sample treated by the Maillard reaction.

Discussion

The Maillard reaction has been considered to be the
chemical reaction responsible for the browning and the loss
of nutritive value of foods. The reaction involves the

formation of CO, from the carboxyl group of the amino
acid residue of proteins and the development of brown pig-
ments (melanoidins), which might be nitrogen-containing
polymeric substances of proteins. There are numerous
reports describing the chemistry of this complex reaction
to identify its various pathways, including reaction param-
eters such as pH, temperature, time, sugar reactivity, con-
centration of the reagents, water content, and glass
transition temperature [21,22,24). In the present study, we
assessed various concentrations of glucose in the presence
of sodium hydrogen carbonate for the ability to reduce
infectivity and decrease PrP5¢ levels by the bioassay and
the PMCA, respectively.

Since PrP>° is resistant against physicochemical inactiva-
tion procedures, very harsh treatments are required for
complete inactivation of PrPS¢. A majority of chemicals,
that are strong protein-modification agents may cause sec-
ondary damage such as environmental pollution and are
not suitable for MBM treatment. On the other hand, the
advantages of the Maillard reaction are the low corrosive
impact and chemical toxicity. The reactants are nontoxic
reducible carbohydrates such as glucose; further, the prod-
ucts appear to be harmless because the Maillard reaction
generally occurs during the manufacturing processes of
heat-treated foodstuffs.

In conclusion, the present study demonstrated that the
Maillard reaction induced a strong modification of PrP°
resulting in an effective reduction of the infectivity. Since
PMCA was capable of amplifying unmodified PrP%° fol-
lowing the Maillard reaction and three rounds of PMCA
required only 6 days, the PMCA technique would be very
useful for further improvements in the process of prion
decontamination by using the Maillard reaction. Studies
are now in progress to validate glucose formulation as an
effective yet routinely applicable reprocessing procedure
for prion decontamination.

Acknowledgments

This study was supported by a Grant-in-Aid from the
BSE Control Project of the Ministry of Agriculture, For-
estry and Fisheries of Japan.

References

[1] S.B. Prusiner, Molecular biology of prion diseases, Science 252 (1991)
1515-1522.

[2] B.W. Caughey, A. Dong, K.S. Bhat, D. Ernst, S.F. Hayes, F.S.
Caughey, Secondary structure analysis of the scrapie-associated
protein PrP27-30 in water by infrared spectroscopy, Biochemistry
30 (1991) 7672-7680.

[3] K.M. Pan, M. Baldwin, J. Nguyen, M. Gasset, A. Serban, D. Groth,
I. Mahlhorn, Z. Huang, R.J. Fletterick, F.E. Cohen, S.B. Prusiner,
Conversion of a-helices into B-sheets features in the formation of the
scrapie prion proteins, Proc. Natl. Acad. Sci. USA 90 (1993) 10962~
10966.

[4] P. Brown, E.H. Rau, B.K. Johnson, A.E. Bacote, C.J. Gibbs, D.C.
Gajdusek, New studies on the heat resistance of hamster-adapted
scrapie agent: threshold survival after ashing at 600 degrees C



248 K. Suyama et al. | Biochemical und Biophysical Research Communications 356 (2007) 245-248

suggests an inorganic template of replication, Proc. Natl. Acad. Sci.
USA 97 (2000) 3418-3421.

(5] D.M. Taylor, Resistance of transmissible spongiform encephalopathy
agents to decontamination, in: H.F. Rabenau, J. Ciantl, H-W. Doerr
(Eds.), Prions. A challenge for science, medicine and public health
system, Karger, Basel, 2001, pp. 58-67.

[6] G.A. Wells, A.C. Scott, C.T. Johnson, R.F. Gunning, R.D. Hancock,
M. Jeffrey, M. Dawson, R. Bradley, A novel progressive spongiform
encephalopathy in cattle, Vet. Rec. 121 (1987) 419-420.

[7] J.W. Wilesmith, G.A.H. Wells, M.P. Cranwell, I.B. Ryan, Bovine
spongiform encephalopathy: epidemiological studies, Vet. Rec. 123
(1988) 638-644.

(8] J.W. Wilesmith, J.B.M. Ryan, M.J. Atkinson, Bovine spongiform
encephalopathy: epidemiological studies on the origin, Vet. Rec. 128
(1991) 199-203.

9] J.W. Wilesmith, J.B.M. Ryan, W.D. Hueston, L.J. Hoinville, Bovine
spongiform encephalopathy: epidemiological features 1985 to 1990,
Vet. Rec. 130 (1992) 90-94.

[10] J.W. Baynes, S.R. Thorpe, M.H. Murtiashaw, Nonenzymatic glu-
cosylation of lysine residues in albumin, Methods Enzymol. 106
(1984) 88-98.

[11] K.M. Biemel, O. Reihl, J. Conrad, M.O. Lederer, Formation
pathways for lysine-arginine cross-links derived from hexoses and
pentoses by Maillard processes, J. Biol. Chem. 276 (2001) 23405-
23412.

[12] M. Akagawa, T. Sasaki, K. Suyama, Oxidative deamination of lysine
residue in plasma protein of diabetic rats. Novel mechanism via the
Maillard reaction, Eur. J. Biochem. 269 (2002) 5451-5458.

{13] S.R. Thorpe, J.W. Baynes, Maillard reaction products in tissue
proteins: new products and new perspectives, Amino Acids 25 (2003)
275-281.

[14] M. Akagawa, D. Sasaki, Y. Kurota, K. Suyama, Formation of -
aminoadipic and y-glutamic semialdehydes in proteins by the
Maillard reaction, Ann. N. Y. Acad. Sci. 1043 (2005) 129-134.

[15] O. Frank, T. Hofmann, On the influence of the carbohydrate moiety
on chromophore formation during food-related Maillard reaction of
pentoses, hexoses, and disaccharides, Helv. Chim. Acta 83 (2000)
3246-3264.

[16] P.H. Lowy, H. Noak, Preparation of N-substituted 1-amino-1-deoxy-
p-arabino-hexuloses of arginine, histidine, and lysine, J. Am. Chem.
Soc. 78 (1956) 3175-3179.

[17] G.P. Saborio, B. Permanne, C. Soto, Sensitive detection of patho-
logical prion protein by cyclic amplification of protein misfolding,
Nature 411 (2001) 810-813.

[18] P. Saa, J. Castilla, C. Soto, Ultra-efficient replication of infectious
prions by automated protein misfolding cyclic amplification, J. Biol.
Chem. 281 (2006) 35245-35252.

{19] Y. Murayama, M. Yoshioka, H. Horii, M. Takata, T. Yokoyama, T.
Sudo, K. Sato, M. Shinagawa, S. Mohri, Protein misfolding cyclic
amplification as a rapid test for assessment of prion inactivation,
Biochem. Biophys. Res. Commun. 348 (2006) 758-762.

[20] M. Takagi, N. Morita, Lysine-catalyzed Maillard browning of sugar-
related compounds smaller than tetrose, in neutral and alkaline
solution, Dev. Food Sci. 13 (1985) 49-57.

[21] C.H. Lea, R.S. Hannan, The effect of activity of water, of pH, and of
temperature on the primary reaction between casein and glucose,
Biochem. Biophys. Acta 3 (1949) 315-325.

[22] I.C. Underwood, H.G. Lento, C.O. Willets, Browning of sugar
solutions. 3. Effects of pH on the color produced in dilute glucose
solutions containing amino acid with amino group in different
positions in molecule, J. Chem. Soc. 1959 (1959) 181-184.

[23] R.E. Race, S.A. Priola, R.A. Bessen, D. Emst, J. Dockter, G.F. Rall,
L. Mucke, B. Chesebro, M.B. Oldstone, Neuron-specific expression of
a hamster prion protein minigene in transgenic mice induces
susceptibility to hamster scrapie agent, Neuron 15 (1995) 1183-1191.

[24] P.A. Finot, Historical perspective of the Maillard reaction in food
science, the Maillard reaction—chemistry at the interface of nutrition,
aging and disease, Ann. N. Y. Acad. Sci. 1043 (2005) 1-8.



THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 18, NUMBER 5 September 2007

fluoride dentifrice. Therefore, they did receive a con-
ventional intervention. Of interest, in a recent 12-
month follow-up study of a small number of irradiated
patients with head and neck cancer, the investigators
“found no microbiologic evidence for radiation period-
ontitis in contrast to caries pathogens and the risk for
dental caries.”

Although the number of subjects in our study
was small, this was not dissimilar from the number
of patients reported in analogous investigations.
Also, the microbiologic and clinical data in our
study were more extensive than data reported
previously by other authors® Figures 1 and 2.
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Abstract: Various methods have been attempted for the
treatment and management of keloids; however, there is little
satisfactory clinical evidence in long-term follow ups. Also,
there is a preference for occurrence and recurrence in anatomic
location. Usually anatomic locations with higher regional
tension and more sebaceous glands are inclined toward
pathogenesis. Thirty-eight keloids treated with combined
surgical excision and postoperative irradiation, using electron
beams with only a 10-mm opening by lead shielding, were
investigated at a mean follow up of 4.4 + 2.5 years (range, 1-9
years) at a single institute. Ten locations such as the ear (n = 6),
neck (n = 3), and upper lip (n = 1) were among the craniofacial
locations. The hardness of the keloids and posttreatmnent scars
was clinically and objectively tested with the Vancouver scar
scale and a durometer, which is often used for the industrial
measurement of thread balls and rubber. At a mean of 4.4 +2.5
years of follow up, the clinical characteristics of the scars were
significantly better posttreatinent as 2.6 £ 0.5 versus 1.0+ 0.6, 3.7
+0.7versus 1.7+£0.7,2.9+ 0.4 versus 1.3+ 0.5, and 2.7 £ 0.5 versus
1.3 £0.5 (keloid scars versus posttreatment scars: pigmentation,
pliability, height and vascularity, respectively, P < 0.01). The
durometer readings were significantly lower posttreatment,
15.2 + 3.9 versus 7.7 = 2.9 (keloid scars versus posttreatment
scars, P <0.01). The recurrence rate was 21.2% overall with none
in craniofacial locations. Therefore, the combined treatment of
surgical excision and postoperative electron beam irradiation is
effective for scar quality and reducing the recurrence rate in
long-term follow up.

Key Words: Keloid, scar scale, durometer, combined
surgical excision and radiation therapy, craniofacial
location, long-term follow ups

he treatment of keloid scars combines several

modalities, including surgery, corticosteroid or
5-fluorouracil injections, radiation, carbon dioxide
laser, compression, silicone gel sheeting, and so
on.'™® Treatment is performed individually or as a
combination of several. Because the true mechanisms
of keloid formation, progression, and pathogenesis
have not been elucidated, clinical data have been
collected and experimental investigations attempted.”
The locations as well as racial and genetic, immuno-
logic, and reactive causes of keloids seem to influence
the therapeutic outcome, because stretched areas on
the shoulders, elbows, suprapubic area, and mid-
sternum all contain anatomic stretched forces. Cra-
niofacial areas, especially in the ear, sometimes
demonstrate the site of high frequency of keloids.
Both keloids and hypertrophic scars demonstrate
similar histologic, histochemical, and molecular
patterns,'® although their clinical manifestations
and courses are relatively distinct.>!! Keloids are
intractable to usual medical treatment and thus
conservative modalities such as applying pressure
devices or garments and chemical injections are
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adopted. In contrast, hypertrophic scars demonstrate
profound characteristics during the course of matura-
tion and progression. However, severe deformations
occurring around functional body parts or visible
keloid scars prevent patients from leading normal
social lives as a result of psychologic distress as
well as functional problems'? Here, efficient ther-
apeutic modalities with combined surgical excision
and postoperative electron beam irradiation were
tested in a single institute in patients who were
followed up for more than a 1-year postoperative
observation period. The subjective and objective
scores were evaluated for keloid signs and symp-
toms. Also, the hardness of the keloid scars was
measured by the relative value of a durometer pre-
and posttreatment, which is widely used for quality
control of industrial threads or rubber.

PATIENTS AND METHODS

Between April 1998 and March 2006, 32 patients
(38 locations, 10 men and 22 women) who were
treated with surgical excision and postoperative
electron beam radiation with at least a 1-year
follow-up period at Nagasaki University Hospital,
Department of Plastic and Reconstructive Surgery,
were included in this investigation. The average age
was 38.9 £ 20.0 years (range, 11-76 years old) and the
follow-up period was 4.4 + 2.5 years (range,
1-9 years) after the final radiation. The locations of
keloid scars were the anterior chest wall (n = 12),
scapular and back (n = 8), abdomen and suprapubic
(n = 6), ear (n = 6), neck (n = 3), upper limb (n = 2),
and lip (n = 1). Previously treated and recurrent
keloid scars consisted of four cases (two ears, two
both anterior chest wall and abdomen) (Table 1). All
scars were primarily excised surgically and electron
beam radiation therapy followed. The surgical
procedures included complete excision of the lesions
followed by three-layer suture closure with subcuta-
neous undermining to minimize suture-site tension.
Deeper layer of the fascia, the muscle or the
periosteum, subcutaneous and dermal suturing
was performed mainly by monofilament nylons or
sometimes in the trunk and the extremities by PDS 11
(Ethicon; Johnson & Johnson KXK., Tokyo, Japan).
Skin was closed with monofilament nylon or Steri-
strip closure taping (3M Co., Ltd., Tokyo, Japan)
unless skin was sutured. Radiation with a 9-MeV
electron beam by a linear accelerator was adminis-
tered in a 3.0 Gy/fraction with a 5-mm bolus booster
to enhance energy concentration to the depth of skin
at three fractions per week with at least a 1-day
interval. Radiation was limited to a 10-mm wide
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Table 1. Patient Profiles
Gender Male:female = 10:22 (n = 32)
Age 38.9 £ 20.0 years
(range, 11-76 years; median,
32 years)

Locations” (38 locations) Anterior chest (n = 12)

Scapular and back (n = 6)
Abdomen and suprapubic (n = 6)
Ear (n =6)

Neck (n = 3)

Upper limb (n = 2)

Lip(n=1)

*Four patients (two ears and two both anterior chest and abdomen) had
experienced previous treatment.

area by lead block protection of the sutures to
eliminate adverse reactions in other body parts. The
results were judged by the Vancouver scar scale in
both subjective and objective manners by three
evaluators who evaluated each other’s patients in a
blind fashion at least 1 year after wound healing. This
was determined according to previously determined
indices, which include pigmentation (0 = normal, 1 =
hypopigmented, 2 = mixed, 3 = hyperpigmented),
pliability (0 = normal, 1 = supple, 2 = yielding, 3 =
firm, 4 = ropes, 5 = contracture), height (0 = flat, 1 = <2
mm, 2 = 2-5 mm, 3 = >5 mm), and vascularity (0 =
normal, 1 = pink, 2 = red, 3 = purple).!* Evaluation
was confirmed by two other authors, who are scar
specialists; therefore, each wound was assessed by
three different evaluators. The results of each evalua-
tor were blind and interevaluator difference was
confirmed. The hardness pre- and posttreatment was
also measured by a durometer, which is used for
industrial products such as rubber thread rolls. The
durometer used in this investigation was a TECLOCK
GS-701N (TECLOCK, Co., Ltd.,, Nagano, Japan),
which follows the international standard of SRIS
0101 and is defined as a spring instrument to measure
hardness with a 5-mm diameter round noninvasive
gauge head and a value range from 519 to 8379 mN
(55-855 gf). The measurement of each point was
always perpendicular to the scars and was repeated
five times immediately after touching the scar and 30
seconds after touching, and the mean value of thee
adjacent points at least 6 mm apart and 12 mm from

Table 2. Radiation Protocol

the edge of intact skin was assessed at 25°C room
temperature and 50% humidity with air conditioning
following the manufacturer’s instructions. Informed
consent was obtained from all patients and there were
no complications or complaints resulting from
durometer measurements.

STATISTICS

The results are expressed as mean * standard
deviation. The data between the two groups were
evaluated by unpaired t test, and P values < 0.05
were considered statistically significant.

RESULTS

Timing and Dose of Electron Beam Radiation

After surgical excision, the scars of excised keloids
were started on electron beam radiation therapy. The
average day beginning was 4.0 £ 4.9 days (range, 1-24
days). All radiation therapy was fractionized at
3 Gy/fraction with at least 1 day of intermission.
The total dose of radiation was 19.2 £ 3.0 Gy (range,
15-30 Gy) and the frequency of the fraction averaged
6.4 = 1.3 times with a minimum five and maximum
11 fractions. Thus, the duration of electron beam
radiation was 17.5 = 8.5 days (minimum, 13 days;
maximum, 48 days). Patients were hospitalized for at
least 1 day after surgery. Some patients continued
hospitalization until completion of radiation therapy;
others visited the hospital as an outpatient. Some
patients clinically demonstrated nausea and local
heat after radiation; however, there was no cessation
or cancellation of radiation therapy with 1 or 2 days
of bedrest allowed after completion (Table 2). The
earlier beginning of postradiation was observed in
the last 5 years. The average age of 35.0 + 16.3 years
(median, 29 years) stared at 2.1 £ 1.1 days (range,
1-4 days; median, 2 days) after surgery in the last 5
years (P <0.05 compared with the first 5-year group).
Other parameters such as dose, fraction, and dura-
tion are identical to the total series (18.5+1.2 Gy, 6.1
0.3 times, and 14.3 + 1.4 days dose, fraction, and

Table 3. Radiation Protocol in the Last 5 Years (n = 19)

Gender Male:female = 6:13 (n = 19)
Start of radiation 4.0 t 4.9 days (range, 1-24 days; median, 3 days) Age 35.0 + 16.3 years (range,11-63 years; median, 29 years)
Dose 19.2 + 3.2 Gy (range, 15-30 Gy; median, 18 Gy) Start of radiation 2.1 + 1.1 days (range, 1-4 days; median, 2 days)
Fraction 6.4 + 1.3 times (range, 5-11 times; median, 6 times) Dose 18.5 + 1.2 Gy (range,18-21 Gy; median, 18 Gy)
Duration 17.5 + 8.5 days (range, 13-48 days; median, 14.5 days) Fraction 6.1 + 0.3 times (range, 6-7 times; median, 6 times)
Follow up 4.4 t 2.5 years (range, 1-9 years; median, 4 years) Duration 14.3 + 1.4 days (range, 13-17 days; median, 14 days)
Beam 9 MeV, 5-mm bolus, 10-mm wide shielding Follow up 2.6 £ 1.4 years (range, 1-5 years; median, 2 years)
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**: P < 0.01, pre-treatment of each group

Fig 1 Vancouver scar scale: measurements were repeated
by three different evaluators in a blind fashion and the
average value was taken. Pigmentation: pretreatment scars
were 1.0 + 0.6, whereas posttreated scars were 2.6 £ 0.5 (P <
0.01). Pliability: pretreatment scars were 1.7 + 0.7, whereas
posttreated scars were 3.7 + 0.7 (P < 0.01). Height:
pretreatment scars were 1.3 = 0.5, whereas posttreated
scars were 2.8 + 0.4 (P < 0.01). Vascularity: pretreatment
scars were 1.3 + 0.5, whereas posttreated scars were 2.7 £ 0.5
(P < 0.01).

duration, respectively), although there was signifi-
cantly shorter follow up (2.6 + 1.4 years; range,
1-5 years; median, 2 years) in the last 5 years (P <0.01
compared with the first 5-year group; P < 0.02
compared with the total patient group) (Table 3).

Scar Scale

The scar scale demonstrated significantly better
improvement in all categories of pigmentation,
pliability, height, and vascularity after treatment.
The pigmentation was 2.6 + 0.5 pretreatment and 1.0 £
0.6 posttreatment (P < 0.01). The pliability improved
3.7 £ 0.7 to 1.7 = 0.7 from pretreatment to posttreat-

post control
*:P<0.01

Fig 2 Durometer reading. The average durometer reading
was 152 + 39, 7.7 + 29, and 55 t 1.6 pretreatment,
posttreatment, and control, which is a nonscar reading
in comparable anatomic locations of the measurement
(P < 0.01).

BRIEF CLINICAL NOTES / Akita et al

Table 4. Recurrence Rate

Anterior chest (n = 12) nz 25.0%
Scapular and back (n = 8) 3/8 37.5%
Abdomen and suprapubic (n = 6) 2/6 33.3%
Ear (n = 6} 0/6 0%
Neck (n = 3) 0/3 0%
Upper limb (n = 2) 0/2 0%
Lip{(n=1) 0/1 0%

8/38 21.1%

ment (P < 0.01). The height of the scar changed from
2.8+0.4t01.3+0.5 and the vascularity from 2.7 £ 0.5 to
1.3 £ 0.5 (Fig 1). There was no significant difference
among three evaluators on behalf of each parameter
analysis.

Durometer Reading

The average durometer reading was 152+ 3.9, 7.7 £
29 and 55 + 1.6, pretreatment, posttreatment, and
control (P < 0.01) (Fig 2), of which scar hardness was
consistent to the previous measurement in bumn
scars.™*

Recurrence Rate

In the anterior chest wall locations, three of 12 keloids
demonstrated clinical recurrence, of which one was a
recurrent case. Three of eight cases of the scapular
and back also demonstrated clinical recurrence of
keloids, whereas there was recurrence in two of six
cases of the lower abdomen and suprapubic. One
patient, who demonstrated keloids in both the
anterior chest and abdomen, and was previously
treated with radiation, developed a keloid. There was
no recurrence in ear locations. The total recurrence
rate after surgical excision and radiation therapy was
21.1% (eight in 38 keloids) (Table 4). In the last 5
years, there was a significantly reduced recurrence
rate. Only two of 23 locations were of keloid and total
recurrence rate of this population is 8.7%. Although a
longer period of the follow up should be traced in last
5-year group, the majority of the recurrence occurred
within 2 years after treatment in the total series. Only

Table 5. Recurrence Rate in the Last 5 Years

Anterior chest (n = 6) 1/6 16.7%
Scapular and back (n = 4) 0/4 0%
Abdomen and suprapubic (n = 2) 1/2 50%
Ear (n = 6) 0/6 0%
Neck (n =2) 0/2 0%
Upper limb (n = 2) 0/2 0%
Lip(n=1) 01 0%

2/23 8.7%
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one patient with a neck keloid was followed up over
5 years in the craniofacial region and the other nine
patients were followed up on average 2.7 + 1.6 years
(mean, 3.5 years) (Table 5).

DISCUSSION

Keloids are intractable to various therapeutic inter-
ventions. The usefulness of electron beams has been
reported, and combined surgical excision improves
the overall excellent outcome, complete response,
and reduction recurrence rate®'*!® in nonwhite pop-
ulations. Although the detailed mechanism of radia-
tion is still unclear, alteration of fibroblasts in keloid
alpha-1/beta-1 integrin collagen receptor expression
and the pathway is proposed,'” electron beams are
effective in the interleukin-6 signaling pathway of
keloid fibroblasts, which was confirmed by global
gene expression analysis."®

In our series, clinical parameters depicted by the
Vancouver scar scale demonstrated significant ther-
apeutic effects posttreatment. Pigmentation is some-
times a concern after radiation therapy’®; however,
no such complications increased after treatment.
There is a possibility of carcinogenesis in anecdotal
case reports,”® but there was no tumor progression in
our series.

Objective evaluation using a durometer demon-
strated significantly softer scars after treatment. This
method may become more widely applicable to
measure scar quality.'*

The recurrence rate after combined surgical
excision and postoperative electron beam radiation
varied from 8% to 71%.%'°1%1® Our data demon-
strated 21.1%, which is comparable to the same racial
background populations.® In detailed analysis of our
treatment series by dividing the first and last 5-year
periods, the most significantly changed parameter
was the beginning of the postsurgical radiation. In
the last 5 years, first radiation was performed at an
average of 2.1 days after surgery. Considering the
other parameters are almost identical to total series,
the earlier beginning of radiation should be taken as
a standardized protocol.

The suture materials are also a concern. The
nonabsorbable materials are used for subcutaneous
and dermal suturing, especially in the craniofacial
region. The most important factor may be how to
reduce the tension around the suture margins and
how to avoid violating the shallower layer of the
dermis because the hyaluronan content is less when
the papillary layer of the dermis is damaged®' and
histopathologically remarked changes are observed
in the upper layer of the reticular dermis.”? Thus,
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dermal suturing of nonabsorbable materials should
be applied to the deeper reticular dermis.

Ear keloids are considered differently from other
keloids, because the required dose of radiation seems
lower and cellular responsiveness is more prone to
normal fibroblasts”; further determination of radia-
tion doses and vehicle should be investigated. How-
ever, other craniofacial locations such as the neck and
upper lip also demonstrated no recurrence rate as did
the ear, and it should be noted that combined surgical
excision and postoperative electron beam irradiation
are especially effective in these locations.

In long-term observation averaging more than 4
years posttreatment, combined surgical excision and
electron beam radiation, which was started within a
few days, are very beneficial in controlling scar
quality and preventing recurrence.
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Abstract: Osteoma is a benign, slow-growing tumor characterized
by proliferation of compact or cancellous bone. Solitary osteomas
are classified as peripheral, central, or extraskeletal. Peripheral
osteomas of the oral cavity are unusual and the maxilla is rarely
affected. They manifest as asymptomatic, fixed tumors of bony-
hard consistency that may be sessile or pedunculated. Radio-
graphically, a well-circumscribed round or oval radiopaque mass
is seen that is microscopically composed of cancellous or
trabecular bone. A case of a compact, peripheral osteoma arising
from the buccal plate of the alveolar ridge of the maxilla in a 64~

From the Department of Oral Pathology and Surgery, Faculty of
Dentistry, University of Athens, Athens, Greece.

Address correspondence and reprint requests to loannis A.
Tatrou, MD, DDS, Associate Professor of Oral and Maxillofacial
Surgery, Department of Oral Pathology and Surgery, Faculty of
Dentistry, University of Athens, 2 Thivon Street, 11527, Athens,
Greece; E-mail: iiatrou@dent.uoa.gr
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year-old patient is presented. According to our literature review,
this is the seventh case reported in the maxillary ridge.

Key Words: Osteoma, peripheral, bone tumors,
maxilla, maxillary tumors

Osteoma is a benign, slow-growing tumor char-
acterized by proliferation of compact or cancel-
lous bone.? Solitary osteomas are classified as
peripheral, central, or extraskeletal® Peripheral and
central osteomas arise from the periosteum or the
endosteum, respectively. Extraskeletal osteomas
develop within soft tissue, usually striated muscles,
and are considered choristomas. Osteomas may be
solitary or multiple, the latter mainly associated with
Gardner’s syndrome.?

Peripheral osteomas are found almost exclu-
sively in the skull and maxillofacial bones. The most
common site is the frontal sinus followed by the
ethmoidal and manxillary sinuses. Osteomas of the
oral cavity are unusual and the maxilla is rarely
affected.>” There is no age or sex predilection.’”
Clinically, they manifest as fixed tumors of bony-
hard consistency that may be sessile or peduncu-
lated. Because osteomas are usually asymptomatic,
most patients present because of aesthetic considera-
tions such as facial asymmetry or malocclusion.
Pain, gagging, nausea, and dysphagia are rarely
reported.

Radiographically, the lesion appears as a well-
circumscribed round or oval radiopaque mass.>®’
Histologically, an osteoma may be composed of
dense cortical bone (compact or ivory osteoma) or
trabecular, medullary bone (cancellous, trabecular,
or spongy osteoma).’ When fibrous connective tissue
dominates the microscopic picture, the lesion is
called fibroosteoma or fibrous osteoma.®

A rare case of compact, peripheral osteoma
arising from the buccal plate of the alveolar ridge of
the maxilla in a 64-year-old patient is presented.

CLINICAL REPORT

A 64-year-old white woman was referred by her
periodontologist for evaluation of a painless swelling
on the buccal plate of the right maxillary alveolar
ridge. According to the patient, the lesion had been
present for several months, and there was no history
of trauma or inflammation to the area. Her medical
history was noncontributory.

Oral examination revealed a circumscribed
tumor on the alveolar maxillary ridge, buccally to
the missing second premolar tooth (Fig 1). The
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ABSTRACT

The sensory nerve is highly involved in lower extremity
wound healing. In diabetic and vascular diseases, impaired
nerve function and blood flow delay wound healing. Tissue
regeneration using adult stem cells is a targeted therapeutic
modality in disorders of nerve and blood supply. Effective
delivery using an autologous vascularized fascial flap as a
vehicle of stem cells leads to severed sensory nerve recovery,
local tissue blood flow, and wound healing. Human MSCs
(hMSCs) were transfected with green fluorescent protein
(GFP) ¢DNA and tested for efficiency and proliferation in
vitro. The nude rat model with femoral vessel and saphenous
nerve severance and ligation was wrapped with a vascular-
ized epigastric flap for GFP-hMSC, fibroblast growth fac-
tor-2 (FGF-2), or a combination of both after 2 weeks.

Disclosure of potential conflicts of interest is found at the end

Maximum nerve conduction velocity recovered to 70% of
the presurgical level in the GFP-hMSC- and FGF-2-treated
group at 2 weeks. Blood flow and nerve conduction velocity
were positively correlated at 1 week. Wound healing in the
ipsilateral paw had significantly improved by 1 week. His-
tologically, blood vessels and nerves are very organized, and
regenerated neuron immunoreactivity of GAP-43 and a
nerve regrowth marker of S-100 were remarkable in the
human GFP (hGFP)-hMSC and FGF-2-treated group at 2
weeks; therefore, sensory nerve regeneration, bloed flow,
and wound healing were improved by the administration of
stem cells and FGF-2 via a vascularized flap. This may be
implicated in clinical denervated and reduced circulation
tissue wound healing, STEM CELLS 2007;25:2956-2963

of this article.

INTRODUCTION

Denervation or the impairment of motor, sympathetic, or sen-
sory nerves may result in delayed skin wound healing [1-3].
Nerve repair or regeneration has been attempted by various
methods, including immediate end-on-end repair with brain-
derived neurotrophic factor [4] and thin-walled nerve guide or
autologous nerve graft [5]. Among these peripheral nerve re-
generations, stem cell transplantation may be a future modality.
Skin-derived stem cells are able to regenerate nerves with nerve
guides [6], whereas bone marrow mesenchymal stem cells in
vitro are able to express glial markers and induce nerve regen-
eration with glial growth factor [7]. Peripheral nerve involve-
ment in healing problems was demonstrated in an experimental
model of the rabbit medial collateral ligament [8]. Also, periph-
eral nerve impairment directs neuropathy and is worsened with
ischemic physical conditions. Reduced sensation, as well as
motor or autonomic deficits. may lead to diabetic neuropathy
and ulcers [9].

In lower peripheral nerve impairment, clinical saphenous
nerve injurics are sometimes accompanied with a saphenous
vein stripping procedure and objectively assessed with clinical
symptoms {10], causing sensory disturbances in the medical
thigh. knee, calf, and sole, as well as instability of these inner
lower extremity structures due to loss of motor nerve govern-
ment. In this regard, investigation of the involvement of the

saphenous nerve in sole wound healing may bring about insight
into the role of the peripheral nerve in in vivo wound healing
with clinical relevance.

Fibroblast growth factors (FGFs), especially FGF-2 or basic
FGF, hasten nerve regeneration after sciatic nerve crush by
proliferating Schwann cells, inducing axonal growth. and pro-
hibiting remyelination in a transgenic mouse model {11].
Schwann cells overexpressing the FGF-2 isoform successfully
improve peripheral nerve regencration when cells are grafted
with Matrigel (BD Biosciences, San Diego. http://www.
bdbiosciences.com) [12].

Human mesenchymal stem cells proliferate in culture with
attached well-spread fibroblast-like cell morphology [13]. The
growth kinetics and differentiation were studied with human
mesenchymal stem celis in subcultivation, followed by cryo-
preservation [14]. The early phase of cell profiles and the
expression pattern by cytokines of the human mesenchymal
stem cells were investigated in vitro [15]. Bone marrow
derived human MSCs (hMSCs) are stringently sorted by cell
surface antigen markers to exclude hematopoietic markers
such as CD14, CD45, and CD34 and include mesenchymal
markers such as CD105, CD166, CD29, and CD44 [13, 14].
Mesenchymal stem cells have the capacity to differentiate
and regenerate nerves under certain conditions [16] and are
available for supporting nerve regeneration and myelination
in rats when transdifierentiated mesenchymal stem cells are
grafted {17].
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The hMSCs are able to differentiate into bone in cranial bone
defects and ectopic bone formation with an appropriate cell carrier
and cytokines [18, 19]. The superficial epigastric fascial flap used
in the ectopic bone formation model is an ideal tool for transfeming
hMSCs and cytokines. As hMSCs and FGF-2 scparately induce
peripheral nerve regeneration, combined treatment may be more
efficient for nerve regeneration. The saphenous nerve severing and
ligating model was tested for nerve regeneration by hMSC and
FGF-2 administration via a vascularized epigastric flap, and sole
wound healing was also investigated.

MATERIALS AND METHODS

Human Mesenchymal Stem Cells

Human mesenchymal stem cells from a single human bone-marrow
donor were isolated by density gradient centrifugation and were
strictly sorted as positive for markers such as CD103, CD166,
CD29, and CD44 and negative for cell surface markers such as
CD14, CD34, und CD45. These hMSCs were purchased from Lonza
Walkerville, Inc. (Walkersville, MD, http://www lonzabioscience.
com). and cryopreserved cells were thawed immediately according
to the manufacturer's instructions. Two independent donor-derived
hMSCs (white female; lots 1F0658 and 1F1061) were used in the
experiments. The cells were cultured in “basic medium” of Dulbec-
co’s modified Eagle’s medium (DMEM) containing low glucose
supplemented with 10% fetal bovine serum (FBS) (heat-inactivated,
Gibco, Tokyo. http://www.invitrogen.com), 200 mM L-glutamine,
and penicillin (100 U/ml) and streptomycin (100 pg/ml) at 37°C in
95% humidified air and 5% CO,. The medium was changed every
3 days until the cells reached approximately 80%-90% of total
confluence, and then the cells were passaged up to three times.
Growth characteristics during the four passages in FBS were indis-
tinguishable. The cells were washed using 10 ml of phosphate-
buffered saline (PBS) and then liberated by exposure to 0.25%
trypsin/l mM EDTA (Gibco) for 3 minutes at 37°C. [ollowed by
tapping the dishes and the addition of 5 ml of cullure medium. The
cells were centrifuged at 400g and then resuspended in basic me-
dium for the following in vitro examinations. The other cells were
stored at —70°C until used in a solution containing 5% human
serum albumin (IS Japan, Co., Lid., Saitama, Japan, http://www.
isjpn.co.jp) and 10% dimethyl sulfoxide (Sigma-Aldrich. Tokyo.
http://www.sigmaaldrich.com) according to the manufacturers’ in-
structions. Cells were counted three times using a Beckman Coulter
Cell and Particle Counter (Beckman Coulter, Tokyo, http://www.
beckmancoulter.com).

GFP-hMSC Cell Preparation

hMSCs (5 X 10%) were seeded into 24-well plates with 500 ui of
DMEM containing low glucose supplemented with 10% FBS, with-
out antibiotics, at approximately 90% confluence overnight. The
next day, 1 pl of gently mixed Lipofectamine 2000 (Invitrogen,
Carlsbad. CA. htp://www.invitrogen.com) was diluted in 50 ul of
Opti-MEM-1 Reduced Serum Medium (lnvitrogen). One pg of
green fluorescent protein (GFP) DNA plasmid (pIRES-EGFP)
(Clontech, Mountain View, CA, http://www.clontech.com), which
contains human cytomegalovirus promoter, enhanced green fluores-
cent protein gene, and the bovine growth hormone poly(A) signal.
was mixed with 50 ul of Opti-MEM-1 Reduced Serum Medium.
[mmediately. another 50 ul of Opti-MEM-1 Reduced Serum Me-
dium was added to each well containing 50 ul of Opti-MEM-1
Reduced Serum Medium with Lipofectamine 2000. After a
5-minute incubation. the complex of plasmid and Lipofectamine
2000 was lelt at room temperature for 20 minutes and then added to
each well of cells with gentle rocking. The complex-added wells
were incubated for 3. 6. 18. or 24 hours at 37°C. The medium was
changed to basic medium supplemented with 50 mg/ml Geneticin
(G-418 sulfate: Gibco) instead of penicillin (100 U/ml) and strep-
tomycin (100 pg/ml) for cell selection. The cell culture continued
[or 4 duys before the lirst passage (P1). and G-418-added medium
was continued for 3 weeks for complete selection of cells. The
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passage was repeated when cells reached 80%—90% confluence in
each culture plate. Transfection efficacy was confirmed by fluores-
cent microscopy. and fluorescent cells were counted five times
under each condition. DNA experiments followed the Nagasaki
University Safcty Committee guidelines for handling recombinant
DNA, which werc approved on July 4, 2002 (ro. 0207040655).

GFP-Transfected hMSC Cell Growth Curve in
Passage

After cells were successfully transfected with GFP DNA plasmid,
the growth curve was tested from day 0 at the time of cell culture to
day 3 to determine the best efficiency of cell transfection and
proliferation.

FGF-2

Genetically recombinant human FGF-2 (Trafermin) was purchased
from Kaken Pharmaceutical Co. Lid (Tokyo, http://www kaken.
co.jp/english). Freeze-dried samples were dissolved in PBS and
dissolved in culture medium 30 minutes before in vitro use. The
concentration of basic FGF (bFGF) was within the physiological
range, according to the manufacturer’s instructions.

Animal Protocol

Fifty male F344/NJCl-rnu nude rats, ages 8-9 weeks and weighing
250-300 g, that were deficient in T-cell function, were used in this
experiment. Animals were obtained from CLEA Japan (Tokyo,
http://www.clea-japan.com) and housed in the laboratory animal
center for biomedical research (Nagasaki University School of
Medicine, Nagasaki, Japan), and the protocol of the animal exper-
iment was approved by the Institutional Animal Care and Use
Committee of Nagasaki University (0308150310). They were han-
dled according to the guidelines established for animal care at the
center. Each rat had free access to both sterile water and standard
rodent soft chow ad libitum.

Surgical Procedure

Rats were ancsthetized with 40 mg/kg body weight intraperitoncal
injection of pentobarbital sodium, United States Pharmacopeial Con-
vention (Nembutal) (Abbott, Abbott Park, 1L, http://www .abbott.com).
The animals were then placed in the supine position, and initially, a2 4 X
4 cm? axial-pattern fasciocutaneous flap was made. All of the branches
from the flap pedicle (superficial epigastric artery and veins) were kept
intact. After flap elevation, the cutaneous portion was removed, and the
remaining pedicled fascial flap was then used to wrap the transected
saphenous nerves and femoral vessels and for subsequent cell and
cytokine delivery [20]. The actual size of the flap used for wrapping
was 1.5 X 1.5 cm®. and both vessels and nerves were totally wrapped
with the [ascial (connective tissue) portion. All animals received 0.1 ml
of DMEM containing either 5 X 10% GFP-transfected hMSCs, bFGF
(10 pg). combined administration of the two, or vehicle of DMEM
alone within 30 minutes prior to injection. Injection of the above
solutions was into the proximal site of the femoral artery and veins,
where the superficial epigastric vessels originate, after the distal site of
the bifurcated femoral artery to the epigastric artery and veins was
clamped, where the severed femoral artery and veins were also
wrapped with a vascularized flap. All clamps were removed after a
[0-minute incubation of the injection, as described previously [20).
Severance and ligation of the femoral vessels and saphenous nerve
were confirmed by using 3-0 nylon on both proximal and distal stumps.
Rats were divided into the following groups:

1. No-reconstruction group (n = 10): no reconstruction after sev-
cring and ligating both saphenous nerve and femoral vessels.
. Control group (vascularized epigastric flap alone) (z = 10): 5 ul
of DMEM was added through the superficial epigastic artery.
3. hMSC treatment group (n = 10): 5 pl of DMEM solution
containing 5 X 10% GFP-transfected hMSCs was prepared 30
minutes before transplantation for each epigastric flap.

4. FGF-2 group (n = 10): 5 pl of DMEM solution containing 10 ug
ol FGF-2 was prepared 30 minutes before transplantation (or
each epigastric flap.

N
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intial vascutarized

Femoral artery and veins

epigastric artery
epigastric fiap (4 X4 cm2), &Pvem

A pair of action potential elsctrodes

Vascularized epigastric flap (15 x 1.5 cm?),
wrapping severed and figated nerve and vessels

Figure 1. Diagram of the experiment. (A): Vascularized fasciocutancous (tap and severance of the nerve and artery. A 4 X 4 cm? fasciocutancous
flap. which is a vascularized superficial epigastric flap bifurcated from the proximal femoral artery. was elevated. and the femoral artery peripheral
to the superficial cpigastric artcry and saphcnous nerve was severed and ligated. (B): Wrapping the severed nerve and artery with vascularized
epigastric flap and creation of 4-mm diameter punch hole in the paw. After removal of the circumferential excessive tissue and skin portion of the
flap, the severed nerve and artery were wrapped with a reduced-size 1.5 X 1.5 cm? vascularized flap. Nerve conduction velocity was measured just
proximal to the severance. with a pair of stimulus electrodes distally and a pair of action potential electrodes proximally. A 4-mm diameter punch
hole was created in the ipsilateral foot. Abbreviation: A&V. artery and veins.

5. Combined group (n = 10): both 5 X 10° GFP-transfected
hMSCs and 10 pg of FGF-2 were prepared 30 minutes before
teansplantation for cach epigastric flap.

Blood flow was measured using a noncontact laser blood flow-
meter (ALF 21N; Advance Co. Ltd, Tokyo. http://www.advance.jp/
english). The maximum sensory nerve conduction velocity was
determined with a digital stimulator (model PG4000A; Cygnus
Technology, Inc., Delaware Water Gap, PA, hup://www.
cygnustech.com) and a gated constant current source stimulus iso-
lator (model SIU90; Cygnus Technology) and amplified with a
differential extracellular amplifier (model ER-1; Cygnus Technol-
ogy). Needle electrodes were set with a 5-mm gap at the saphenous
nerve alter meticulous dissection from other tissues under a micro-
scope, and all nerve experiments were shielded by a magnetic shield
cage (Astec Co., Lid., Fukuoka. Japan, htip://www.astec.com). The
“earth” of the needles was inserted into the distant lower calf, and
a pair of excitation needles and a pair of collection needles were
placed with a 5-mm gap for velocity measurement. All blood flow
data and nerve conduction velocity data were immediately trans-
ferred to an Analogue-Digital converter of PowerLab/4ST (ML
750. ADInstruments Japan Inc., Nagoya, Japan, htip://www.
adinstruments.com), and data were analyzed with the accompanying
software of Scope v3.7 for nerve conduction and Chart v4.2.3 for
blood flow.

Data samplings were repeated five times, and the mean value
for cach animal was adopted for further group analyscs. Mcasure-
ments were performed at the distal periphery of the severed nerves
and vessels preligation (10 animals per group), immediately after
ligation (10 animals per group). at ! week (5 animals per group),
and at 2 weeks (5 animals per group).

After terminating blood flow and maximum nerve conduction
velocity experiments, inguinal wounds were sutured with 5-0 nylon.
and an ipsilateral foot paw wound was created with 4-mm punch

biopsy instruments. The wounds were covered with transparent
semipermeable membranes (Cathereep Flexible, Soft & Smooth
roll, number 1510; Nichiban Co., Ltd.. Tokyo. http://www.nichiban.
co.jp/medical). The experimental diagram of nerve severance, ves-
sel ligation, vascularized flap wrapping, blood flow, and nerve
velocity measurement is shown in Figure 1.

Wound sizes were photographed in the supine position using a
600 million dots-per-inch digital camera (Cyber-shot; Sony, Tokyo,
http://www.sony.com) and an image analyzer (NIH Image, version
1.62) on a Macintosh computer. The macroscopic size of the re-
maining wound was calculated three times for each group of five
animals at {, 3, 7, and 14 days following the previous wound
healing experiment [21].

Animals were kept at a constant room temperature of 25°C with
55% humidity, and ankle body temperature was measured using a
noncontact thermometer (UNIVLOT, UT-2) at the beginning and
end of experiments. Animals were euthanized at | (five animals per
cach group) and 2 (five animals per cach group) weeks postopera-
tively. Sections including the possible reconstructed merve and
vessels were fixed in 4% paraformaldehyde solution and processed
for H&E for histology and immunohistochemistry.

Histology

Specimens were fixed in cold 4% paraformaldehyde solution for 2
weeks, decalcified in EDTA, embedded in paraffin, and cut into
5-pm-thick sections. Slides were stained with H&E. -

Immunohistochemistry

For axonal regencration marker analysis, immunostaining  lor
growth-associated protein (GAP)-43, the mouse monoclonal
GAP-43 antibody (catalog no. sc-33705; Santa Cruz Biotechnology
Inc.. Santa Cruz, CA. hup://www.scbt.com) was used. This GAP-43
antibody was raised against full-length GAP-43 of rat origin and
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A: Percent GFP-ransfected hMSCs

100

»

** : p<.01 compared to 3h of each passage
## . p < 01 compared to 6h of each passage

B:  GFP-.transfected hMSC profiferation

** : p < 01 compared to contro! of each day
## : p < 01 compared to 1% passage of each day

Figure 2. Efficiency of the GFP gene in hMSCs and proliferation. (A): hMSCs were transfected with the GFP gene at various incubation times. The
highest transfection efficiency was with either 3- or 6-h incubation and up to three Ps. (B): The cell proliferation curve after GFP transfection was
followed up to day 3. There was a significance between P1 cells and P2 or P3 cells from day 1 to day 3 (p < .01). There was no significant cell
proliferation between control (no human GFP transfection) and P1 cells at any time point. Abbreviations: GFP, green {luorescent protein; h, hour:

hMSC. human MSC; P, passage.

was able to detect axonal membranous protein of rats, mice, and
humans. The primary antibody was incubated overnight at a dilution
of 1:50 by PBS per the manufacturer’s recommendations, at 4°C,
{ollowed by a rabbit anti-mousc [gG rhodamine-conjugated sccond-
ary antibody (catalog no. AP160R; Chemicon, Temecula, CA,
http://www.chemicon.com) at 1:500 for 1 hour at room temperature
and 4',6-diamidinophenylindole dihydrochloride (DAPI) for nu-
clear DNA counterstaining DAPI (catalog no. 340-07971; Dojindo
Molecular Technologies Inc., Kumamoto, Japan, http://www.
dojindo.com) at 1:100 for 1 hour at roomn temperature.

For detection of the regenerated nerve fiber, S-100 immunohis-
tochemistry was performed. Rabbit polyclonal anti-S-100 antibody
(catalog no. N1573, ready-to-use; Dako Japan Inc., Kyoto, Japan,
hutp://www.dako.com) was incubated overnight at room tempera-
ture, and then the anti-rabbit Histofine simple stain MAX PO kit
(code 414151F; Nichirei, Tokyo, http://www_nichirei.co.jp/english/
index.html) followed as a universal immunoenzyme polymer
method according to the manufacturer’s instructions with diamino-
benzamine chromogen, and finally hematoxylin staining was used
for counterstaining. All fluorescent analyses were performed using
the Lumina Vision (Mitani Corporation, Fukui, Japan, http://www.
mitani-corp.co.jp) bioimaging analysis system for GFP (green),
DAPI (blue), and GAP-43 (red).

Statistical Analysis

The results of the percentage of hGFP-positive hMSCs and GFP-
hMSC proliferation analyses are expressed as the means = SD.
Data were statistically compared with unpaired 7 test. and p values
less than 0.05 were considered significant.

RESULTS

DNA Transfection Efficiency

The percentage of transfection efficiency of GFP to hMSCs was
investigated with 3-, 6-, 18-, and 24-hour incubations before cell
selection and each passage from Pl to P4. The 3- and 6-hour
incubations demonstrated statistical significance from P2 (o P3
compared with 18- and 24-hour incubations (90.3% * 5.3%,
87.1% * 5.0%. 86.8% * 5.8%, 88.1% * 4.6%, 85.1% = 3.4%,
81.5% * 5.4%,74.9% * 4.8%, 69.3% * 2.2%,83.2% = 5.7%,
85.7% = 3.4%, 17.8% = 2.8%, and 14.1% = 2.7% for the P1-3
hour, P1-6 hour, P1-18 hour, P1-24 hour, P2-3 hour. P2-6 hour,
P2-18 hour. P2-24 hour, P3-3 hour, P3-6 hour, P3-18 hour. and
P3-24 hour incubations, respectively; p < .01 between 3- or
6-hour incubation vs. 18- or 24-hour incubation at each pas-
sage). The 3- and 6-hour tncubations of P4 were significantly
less than those ol P1 1o P3 (Fig. 2A). Thus, cell growth and in
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vivo transplantation of GFP-transfected hMSCs were deter-
mined at 3 or 6 hours of P1 to P3.

Cell Growth of GFP-Transfected hMSCs

Initially, 2.5 X 10* of both 3-hour and 6-hour cells were counted
at day 0 of the control (no transfected hMSCs) and first-.
second-, and third-passage cells. Both control and first-passage
cells proliferated more than three times at day 3, whereas
second- and third-passage cells proliferated fewer than two
times at day 3. There were significant differences between
control or first-passage cells and second- or third-passage cells
from day 110 day 3 (Fig. 2B). We thercfore decided to use 3- or
6-hour-incubated first-passage GFP-transfected hMSCs in vivo.
All cell counting was measured in triplicate. and the average
value was calculated for each plate. Cell death was minimal, and
trypan blue cell viability assay revealed fewer than 3% nonvi-
able cells up to day 3 in FBS.

Blood Flow

Tissue blood flow varied among animals. Initial blood flow at
just before severance and ligation was 10-30 ml/minute per
100 g (tissue) and dropped to almost O just after ligation. Blood
flow of each animal either 1 week or 2 weeks later was nor-
malized to each animal’s blood flow at preligation. Relative
blood flow in the no-reconstruction group was 0.62 and 1.00 at
1 week and 2 weeks after experiment, respectively. There was a
significant difference between 1 week and 2 weeks in the
no-reconstruction group. The value in the control group with the
vascularized epigastric flap for the defects demonstrated signif-
icantly increased blood flow at 1 week with a relative value of
1.71 compared with the no-reconstruction group, but there was
no significant diflerence between 1 week and 2 weeks. Simi-
larly, there was a significant increase in the FGF-2-treated group
at | week with a relative value of 1.83 compared with the
no-reconstruction group. The value at 2 weeks of the FGF-2-
treated group was even lower, 1.78. The GFP-hMSC-treated
group and GFP-hMSC- plus FGF-2-treated group were 1.39 and
1.51 at 1 week, respectively, and there was a significant increase
by 2 weeks in both groups, to 2.15 and 2.29, respectively. At 2
weeks, combined GFP-hMSC and FGF-2 treatment demon-
strated the most significant blood flow increase. Except for the
GFP-iMSC group, there was a significant difference (1.00,
1.71, and 1.78 f{or no-reconstruction, control, and FGF-2 groups,
respectively; p < .01) (Fig. 3).
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Ratio of blood flow ratio to pre-surgery

& no reconstnuction
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ShMsc

OFGF2

#l combined hWMSCHFGF

ratlo

~: p<.01 dto no

of each week
8: p <.05compared to sach group at 1 and 2 weeks
##: p < .01 compared to each group a 1 and 2 weeks
88 : p< .0t compared to combined hMSC+FGF of cachweek

Figure 3. Tissue blood flow relative to the presurgical value. A
noncontact laser blood flowmeter was used. Data samplings were re-
peated {ive times, and the mean value for each animal was adopted for
further group analyses. Measurements were performed at the distal
periphery of the scvered and ligated femoral vessels preligation (10
animals per group). immediately after ligation (10 animals per group), at
I w (5 animals per group), and at 2 w (3 animals per group). There was
a significant blood flow increase in all group using the vascularized
epigastric flap compared with the no-reconstruction group at 1 and 2 w
(p < .0l). The green fluorescent protein-hMSC and FGF-2 group
demonstrated a significant time-dependent increase compared with con-
trol (flap-alone) and FGF-2-alone groups at 2 w (p < .0l). Abbrevia-
tions: FGF, fibroblast growth factor; hMSC, human MSC; w, week(s).

Nerve Conduction Velocity

Baseline sensory maximum nerve conduction velocity
(sMNCV) was obtained just before nerve severance and ligation
for each animal. Presurgical SMNCV varied from 3.23 to 33.33
m/second. Once the nerve was severed, the SMNCV immedi-
ately after surgery was 0 m/second for all examined nerves. The
SMNCV of each animal either 1| week or 2 weeks later was
normalized to each animal’s SMNCV presurgery.

The relative value of no reconstruction was 0.05 and 0.08 at
1 and 2 weeks, respectively. All groups except the control at 2
weeks demonstrated significantly improved sMNCV compared
with no reconstruction (0.13, 0.14, 0.14, 0.30, 0.15, 0.21, 0.44,
and 0.68 for control at 1 week. control at 2 weeks, GFP-hMSC
at 1 week, GFP-hMSC at 2 weeks, FGF-2 at 1 week, FGF-2 at
2 weeks, GFP-hMSC and FGF-2 at 1 week, and GFP-hMSC and
FGF-2 at 2 weeks. respectively; p < .01 compared with each
week of no reconstruction except the 2-week control). The value
of SMNCV in the GFP-hMSC group and the GFP-hMSC with
FGEF-2 group demonstrated a significant increase between 1 and
2 weeks after surgery (0.14 and 0.44 vs. 0.30 and 0.68 for the
GFP-hMSC and GFP-hMSC with FGF-2 group at 1 week vs. the
GFP-hMSC and GFP-hMSC with FGF-2 group at 2 weeks,
respectively; p < .01) (Fig. 4).

Correlation Between Maximum Sensory Nerve
Conduction Velocity and Tissue Blood Flow

The correlation between maximum sensory conduction ve-
locity and tissue blood flow was analyzed with a simple
regression curve of the independent value of all blood flow
and of a dependent value of maximum nerve conduction
velocity. A significant positive correlation was observed be-
tween the two with the following formula: y = 0.22x — 0.12;
r=0.58; p < .01

Ratio of sensory nerve conduction velocity to pre-surgery

-

03

]
or
0.8
o5 ) no reconstruction
°  control
g 04 OhMmsc
03 OFGF2
W combined KESCAFGF
02
.1
o : s
v 2w
week
“~:p<.01 pared to no of eachweek

##: P < .01 compared to each group at1 and 2 weeks

Figure 4. Sensory nerve maximum conduction velocity relative to the
presurgical value. Needle electrodes were set with a S-mm gap at the
saphenous nerve after meticulous dissection from other tissues under a
microscope. and all nerve experiments were shielded by a magnetic
shield cage. All nerve conduction velocity data were immediately trans-
ferred 10 an AD converter. Data samplings were repeated five times, and
the mean value for each animal was adopted for further group analyses.
Measurcments were performed at the distal periphery of the severed
nerves and vessels preligation (10 animals per group), imumediately after
ligation (10 animals per group), at | w (5 animals per group), and at 2 w
(5 animals per group). There was a significant nerve conduction velocity
increase in the green fluorescent protein (GFP)-hMSC and FGF-2 group
compared with other groups at | and 2 w (p < .0l). The GFP-hMSC-
alone and GFP-hMSC and FGF-2 groups demonstrated a significant
time-dependent increase (p < .01). The GFP-hMSC and FGF-2 group
demonstrated the most significant increase at 2 w (p < .01). Abbrevi-
ations: FGF, (ibroblast growth factor; h(MSC, human MSC; w, week(s).

Wound healing curve

mn2

“:p<.01 comparedto no reconstruction of each day
#2: p<.01 comparedto combinednMSC+FGF and FGF-2 of each day

Figure 5. Wound healing curve of the ipsilateral paw. The initial
wound size was 12.56 mm~ and was measured at days 1, 3, 7, and 14.
The wound size in the supine position was photographed using a 600
million dots-per-inch digital camera and an image analyzer (NIH [mage.
version 1.62) on a Macintosh computer. The macroscopic size of the
remaining wounds was calculated three times. Significantly acceleraled
wound healing was observed in the green fluorescent protein-hMSC and
FGF-2 group compared with any other group at day 7 (p < .01). All
wounds except the no-reconstruction group demonstrated complete
healing by day 14. Abbreviations: FGF, fibroblast growth factor; h(MSC,
human MSC. .

Wound Healing of the Paw

The wound size was initially 12.56 mm® at day 0. At day 1, the
mean wound size with no reconstruction, the control, GFP-
hMSC. FGF-2, and GFP-hMSC and FGF-2 was 12.46, 12.95,
12.64. 12.42, and 13.00 mm?, respectively. There was no sig-
nificant difference from day 1 to day 3. The wound size was
significantly smaller in the GFP-hMSC-trcated wound group
than any other group at day 7. Wounds in all groups but the
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Histology and Immunohistochemistry of the artery and nerve
at 2 weeks in the flap (200x)

Control group,

A: Histology, Artery
B: Histology, Nerve
C:merged

D: GFP

E: DAP!

F: GAP43

G: control for S-100

Combined group,

H: Histology, Artery
I: Histology, Nerve
J: Merged

K: GFP

L: DAPI

M:GAP43

N: S-100

Figure 6. Histology and immunohistochemistry of the artery and nerve at 2 weeks (X200). For histology. the inner layer of the control artery was
hypertrophic, and the nerve was atrophic. The control nerve was fragile and isolated from the surrounding connective and capillary tissues. Combined
GEP-human MSC (bMSC)- and fibroblast growth factor-2 (FGF-2)-treated artery was more elastic, and the nerve demonstrated more dense and tight
organization (A, B, H, I. In the control, there was no immunoreactivity of GAP-43 or traceable GFP-positive cells except the intemal elastic lamina, which
is considered a nonspecilic immunorcaction (C—F). The greatest immunoreactivity of GAP-43 was scen in the GFP-hMSC- and FGF-2-treated group. More
intense immunoreactivity was observed near the artery and the GFP-hMSC and FGF-2 group mainly between the artery and the nerve (J-M). The arrows
indicate triple coexpressions of GFP, GAP-43, and DAPI. S-100 protein was diffuscly expressed in the combincd GFP-hMSC and FGF-2 treatment group
as brown chromogen (G, N). Abbreviations: DAPL, 4',6-diamidinophenylindole dihydrochloride; GFP. green fluorescent protein.

no-reconstruction group were healed by day 14. The no-recon-
struction group demonsteated wounds of 1.76 mm? (Fig. 5).

Histology

The distal region from the severed and ligated saphenous nerve
and femoral artery was histologically examined at 2 weeks
postoperatively. The inner layer of the control artery was hy-
pertrophic, and the nerve was atrophic. In contrast, the FGF-2-
treated artery and nerve were more vascularized around the
neuron-vascular bundles. The GFP-hMSC-treated artery was
more elastic, and the nerve demonstrated denser and tight orga-
nization; the GFP-hMSC-treated artery, demonstrating well-
vascularized surroundings, and the saphenous nerve were lo-
cated adjacent to the artery, with a tight connection. Nerves in
the vascularized epigastric fascial flap were larger than those of
severed and regenerated nerves in the distal region of the sev-
erance (Fig. 6A, 6B, 6H, 6I).

Tracking of GFP-Transfected Cells and
Immunofluorescent GAP-43 Expressions
Grafted GFP-transfected hMSCs were traced 2 weeks postop-
eratively. In the control. there was no immunoreactivity of
GAP-43 or traceable GFP-positive cells except the internal
elastic lamina, which is considered a nonspecific immunoreac-
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tion. There was very faint GAP-43 immunoreactivity around the
nerve ol the FGF-2-treated group. The intensity of both GAP-
43- and GFP-positive cells increased in the GFP-hMSC-treated
group. Only the outer region of the nerve adjacent to the branch
of the femoral artery demonstrated both GFP and GAP-43 with
DAPI expression.

The greatest immunoreactivity of GAP-43 was in the GFP-
hMSC- and FGF-2-treated group. More intense immunoreactiv-
ity was obscrved ncar the artery, and GFP-hMSCs were mainly
between the artery and the nerve (Fig. 6C—6F, 6J-6M). There
was coexpression in the envelope area of the nerve in the fascia
of the vascularized epigastric fascial flap of the GFP-hMSC and
FGF-2 group (Fig. 7).

S-100 Immunohistochemistry

Combined GFP-transtected hMSCs and FGF-2 demonstrated
clear and diffuse S-100 immunorcactivity in the saphenous
nerve. Ia the control, there was no S-100 immunoreactivity in
control group immunohistochemistry (Fig. 6G, 6N).

DISCUSSION

The human green fluorescent protein plasmid was successfully
transfected to bone marrow-derived human mesenchymal stem
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Immunohistochemistry of the vascularized epigastric flap
in combined hGFP-hMSC and FGF-2 group at 2 weeks in the flap (200x )

A|B
Ci|D

Combined hGFP-hMSC and FGF-2 group,

A: merged
B: DAPI
C: GFP
D: GAP43

cells. Transfection efficiency was conserved up to the third passage
with 3- or 6-hour incubation. With 18- and 24-hour incubation,
transfection efficiency significantly dropped at second and third
passages compared with those with 3- and 6-hour incubation. In
terms of cell proliferation, only first-passage cells demonstrated
proliferation similar to that of the nontransfected control. In the
next in vivo experiment, 3- or 6-hour-incubated first-passage cells
were used. In the severed and ligated saphenous nerve and femorat
artery, which were wrapped by a superficial epigastric vessel vas-
cularized fascial flap as a carrier of FGF-2 and GFP-hMSC, relative
blood flow was significantly increased time-dependently in the
no-reconstruction group, GFP-hMSC, and GFP-hMSC and FGF-2
groups between | week and 2 weeks. Efficient blood flow increase
was observed when the experiment was performed with GFP-
hMSCs through the vascularized epigastric artery. Maximum con-
duction velocity of the saphenous nerve was most significantly
well-recovered in GFP-hMSC and FGF-2 treatment at 1 and 2
weeks compared with any other treatment. There was almost 70%
recovery Lo presurgical levels at 2 weeks in GFP-hMSC and FGF-2
treatment. The regenerated nerve was found at the distal site of the
severed nerve. GAP-43 immunoreactivity was most clearly ob-
served when reconstruction was performed with GFP-hMSC and
FGF-2 treatment. The location of GAP-43 was mainly perineural
tissues between the nerve and artery. This suggests that the blood-
stream induced nerve regeneration. Nerve conduction velocity and
blood (Tow are important, as a significant decrease of sciatic nerve
blood flow and saphenous nerve conduction velocity was observed
in streptozotocin-induced diabetic rats [22]. Basic fibroblast growth
factor alone directly promotes the extension of regeneration of the
{rozen saphenous nerve in vivo [23] at 2 and 5 days. The nerve
fiber regrowth demonstrated by S-100 immunohistochemistry was
observed in the combined GFP-hMSC- and FGF-2-treated group,
which is further evidence of this treatment efficacy in nerve regen-
eration [6]. In our experiments, FGF-2 enhanced tissue blood flow

Figure 7. Ilmmunoreactivity of GAP-43,
GFP. and DAPI in control and GFP-hMSC
groups at 2 weeks (X200). The outer areas
of the nerve in the GFP-tMSC and FGF-2
treatment group demonstrated the coexpres-
sion of Gap-43, GFP, and DAPI. The arrows
indicate triple coexpressions of GFP, GAP-
43, and DAPIL. Abbreviations: DAPI, 4',6-
diamidinophenylindole dihydrochloride;
FGF, fibroblast growth factor; GFP, green
fluorescent protein; hGFP. human green flu-
orescent protein; hMSC, human MSC.

compared with no reconstruction at I and 2 weeks. The correlation
between blood flow and nerve conduction velocity demonstrated a
significant positive correction. The greater blood flow in the sev-
ered nerve in situ promotes better recovery of sensory nerve con-
duction. Blood flow is synergistically increased in the presence of
GFP-hMSC at 2 weeks. This may be because FGF-2 induces blood
flow not only via the arterial pedicle but by direct prolileration and
dilferentiation ceffects to hMSCs, which was also observed in an-
other wound healing model! using a bilayered collagen sponge [21].
Wound healing was significantly improved with GFP-hMSC and
FGF-2 treatment by 1 week. All wounds with a vascularized
epigastric flap were completely healed by 2 weeks. Wounds with
no reconstruction by a flap showed delayed healing at 1 and 2
weeks, and the wound was not healed by 2 weeks, whereas wounds
of other groups with vascularized flap augmentation demonstrated
complete healing. This investigation may contribute to human
mesenchymal stem cell grafting by a vascularized epigastric flap
model with cytokines leading to more local blood flow and nerve
recovery, which is a fundamental factor in traumatized, diabetic,
and vascular clinical settings.
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Fig 2 (A) Lipoma of the left parotid gland; sonographic
longitudinal cross-section of the parotid region. (B) Lipoma
of the left parotid gland (white arrow); axial T1-weighted,
contrast-enhanced magnetic resonance image.

echoic lines with no distal enhancement or attenua-
tion. In most cases, they have a clearly identified
capsule.’* The knowledge of anatomic structures
and landmarks is important. According to several
authors, there is a need for computed tomography or
MRI to make a definite diagnosis.>® A special density
value or region in computed tomography is often
evidence for a lipoma. The cause is usually benign in
the absence of symptoms.

MRI has a high degree of intrinsic soft tissue
contrast, which makes it highly suitable for imaging
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of salivary glands in the head and neck section.7 In
addition, it offers the capability to evaluate the effect
of blood flow. Fatty tissue has high signal intensity
on Tl-weighted images and intermediate signal
intensity on T2-weighted images.” Other masses
presenting with high signal intensity are liposar-
coma, hemangioma, and hemorrhage into a preexist-
ing tumor. A liposarcoma is inhomogeneous and
displays lower signal intensity than subcutaneous fat
on T1-weightened sequences. In the orofacial region,
liposarcomas represent a rare lesion. If there is any
sign of subfascial infiltration, more attention should
be given to this differential diagnosis and surgical
treatment is recommended.>*°
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