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Fig. 5 The overall survival
rates
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alteration of the blood flow and the area supplied by the
contralateral facial, or lingual artery was sufficiently
confirmed to be covered by using the ICG fluorescence
technique. In the present study, we sometimes perform the
I-A infusion chemotherapy with manual compression of
the ipsilateral facial artery in cases of advanced paranasal
sinus cancers with tumors spreading to the oral cavity or
facial skin. This enables alteration of the blood flow and
the area supplied by the ipsilateral facial artery is suffi-
ciently identified to be covered by using the ICG fluo-
rescence technique. The changes of the blood flow were
directly observed using the ICG fluorescence technique
and effective I-A chemotherapy for the affected side alone
could be conducted safely. No complication resulted from
compression of the carotid artery, or facial artery. How-
ever, the same manual compression procedures during CT
angiography would involve too high a radiation exposure
if conducted each time. In this paper, we emphasize the
following points concerning oral cancers: the drug deliv-
ery to the whole tumor crossing the midline from the
contralateral side was confirmed directly by using the ICG
fluorescence technique (horizontal communication). This
is because there are communicating branches to the lateral
sides in oral cancer. However, in the present advanced
paranasal sinus cancers, communicating branches develop
vertically, such as the maxillary artery communicating to
branches of the facial artery (vertical communication). As
a result, the significance of this method differs signifi-
cantly between advanced oral cancer and advanced para-
nasal sinus cancer. Because one of most problematic
issues of using I-A chemotherapy for advanced paranasal
sinus cancers is that the tumors are often supplied by the
internal carotid artery and consequently, to prevent brain
complications, I-A chemotherapies were previously not
indicated for such cases.
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Recently, the use of ICG fluorescent image has enabled
us to clearly detect tumor staining and reveal communi-
cating branches between the internal carotid artery and
maxillary artery, facial artery, and transverse facial artery
(vertical communication). As a result, this ICG fluores-
cence imaging procedure, when combined with the tech-
nique for altering the blood flow, has enabled us to safely
treat advanced paranasal sinus cancer, while improving the
prognosis and preserving organ and function.

Additionally, ICG fluorescence is a useful method for
confirming the arterial blood supply to paranasal sinus can-
cers because of the high excitation of ICG and deep pene-
tration of the tissue to approximately 10 mm. As a result, we
can use superselective [-A chemotherapy effectively for
most paranasal sinus cancers that have invaded less than
10 mm. However, tumors invading more deeply than 10 mm
require other imaging methods, such as simultaneous MRI
angiography. Once the stained field of each feeding artery
has been detected in cases of tumors invading the base of the
skull or face by CT angiography, the ICG fluorescence
technique can be used to compensate for defects in the CT
angiography by identifying the feeding artery precisely and
safely. It should be noted that a fine and sensitive endoscope
for ICG fluorescence imaging is required for the detection of
nasal cavity cancer. This technique is feasible and gives new
promising options for advanced paranasal sinus cancers.
Further investigations can lead to the development of a new
minimally invasive multimodal therapy targeting advanced
paranasal sinus cancers in the near future.

Conclusion

ICG fluorescence imaging for intra-arterial chemotherapy
revealed the blood supplies to paranasal sinus cancers more
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accurately than CT angiography, especially in cases of
superficial spread or those with dental metal. The appli-
cation of ICG fluorescence together with CT angiography
provides more accurate information about the feeding
arteries to tumors and enables effective intra-arterial che-
motherapy, while avoiding complications.
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Minimally invasive procedure for reconstruction through grafting
free fat placed in sternocleidomastoid muscle flap following total
parotidectomy with parapharyngeal space dissection

] Yokoyama'*?, S Ohba'f, M Fujimaki®, S Ito!, M Kojima®, T Anzai’, R Yoshii!, K Ikeda®

Abstract

Background

Long periods of surgery can cause
surgical complications and burnout
syndrome.

Methods

Patients with parotid cancers invading
the parapharyngeal space underwent
total parotidectomy with parapharyn-
geal space dissection. Fat was har-
vested from the abdomen and cut into
approximately 5 mm pieces. Stripped
fat was inserted into the well-vascular-
ized sternocleidomastoid (SCM) mus-
cle. The combined free fat and SCM
muscle were placed into large dead
spaces resulting from the resection.
Results

Compared with fatvolume at 1 month
after grafting, fat preservation rates
at3,6 and 12 months were 92%, 85%
and 819%, respectively. The mean
time required to harvest abdominal
fat and to elevate the SCM muscle
flap was 13.3 minutes and 17.2 min-
utes, respectively.

Conclusions

The free fat grafts in the SCM muscle
flap restored facial contour and were
preserved over a long period. This
minimally invasive procedure is safe
and can be easily performed.

Introduction

Itisimportant to restore loss of facial
contour and to prevent various surgi-
cal complications resulting from total
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parotidectomy with parapharyngeal
space dissection. Itis standard to use
microscopic surgery in the recon-
struction of free flaps to be applied
for reconstruction. When compared
with our free fat grafting procedure,
however, the standard approach de-
mands extensive operating time and
a large donor site, which requires a
skin graft for resurfacing®. In order to
perform a minimally invasive surgery
and to shorten the duration of surgi-
cal time, several authors have tried
to use free fat grafts from the thigh
or abdomen for cosmetic repair of
the parotidectomy defect?. However,
there were significant problems re-
sulting from the reduction of grafted
fat volume. To prevent reduction in
grafted fat volume, Guerrerosantos
etal.® demonstrated in an experimen-
tal study that the long-term viability
of the autotransplanted fat depends
on well-vascularized muscle and
small fat strips. Based on this basic
evidence, our new procedure com-
bines free fat with well-vascularized
sternocleidomastoid (SCM) muscle
flap. The procedure is applied for
reconstruction in the total parotidec-
tomy with parapharyngeal dissection
in order to accomplish a minimally
invasive surgery and cosmetic recon-
struction over an extended period of
time.

In addition, human adipose tissue
has the highest percentage of adult
stem cells in the body, with as many
as 5000 adipose-derived stem cells
per gram of fatt. In this study, we
have demonstrated both the current
best treatment and the potential for
regenerative medicine with positive
implication for reconstruction when
treating head and neck cancer. The

aim of this study was to determine
the safety and efficiency of grafting
free fatin reconstruction with regard
to cosmetic consideration and pres-
ervation rate of grafting fat volume.
In addition, questionnaires following
total parotidectomy were used to de-
termine patient satisfaction.

Methods and materials

The study was performed between
September 2008 and June 2012 on
15 parotid cancers that invaded the
parapharyngeal space. The mean age
was 61.3 years (range, 30-76 years).
Six patients (40%) were males and 9
(60%) were females. Ten cases (67%)
were fresh cases, and five (33%) were
recurrent cases. Pathological types of
parotid cancers were as follows: six
cases of carcinoma ex-pleomorphic
adenoma, three cases of salivary duct
carcinoma, two cases of mucoepider-
moid carcinoma, two cases of epithe-
lial-myoepithelial carcinoma and two
cases of adenocarcinoma. The num-
ber of stage III, IVA and IVB were 2,
10 and 3, respectively (Table 1).

Surgical procedure

All patients underwent total parot-
idectomy with neck dissection and
parapharyngeal dissection.

Total parotidectomy with para-
pharyngeal dissection was performed
using an endoscope.

Free fat was harvested through a
periumbilical incision along the infe-
rior half of the umbilicus, extending
from the 3 o’clock to the 9 o’clock po-
sition (Figure 1). Skin flaps were el-
evated inferiorly and laterally using
curved Mayo scissors. Allis clamps
were then placed on the underlying
fat, which was then resected en bloc.
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Table 1 Patient and clinical characteristics

Characteristics m Characteristics m

Gender Fat harvesting time
Male Range 10 min—=17 min
Female Mean 13 min
20 seconds
Age Elevation of SCM muscle
flap
Range 30-76 Range 13 min—23 min
Mean 61.3 Mean 17 min
10 seconds
Median 67
Lenth of SCM muscle flap
Previous treatment Range 8.5cm-10.8 cm
Untreated 10 Mean 9.3cm
Recurrent 5
Total volume of drainage
after surgery
Stage Neck
11 2 Range 11-242 ml
IVA 10 Mean 67 ml
VB 3 Donor site
Range 4-28 ml
Pathological type Mean 12 ml
Carcinoma expleomor- 6
phic adenoma
Salivary duct carcinoma 3 Drain indwelling periods
Mucoepidermoid car- Neck
cinoma
Epithlial-myoepithlial 2 Range 1-6 days
carcinoma
Adenocarcinoma 2 Mean 2.5 days
Donor site
Range 1-2 days
Mean 1.07 days
Questionnaire data
Mean facial contour 1.33
deformity
Mean incisional scare 1.06

The fat was cut off the anterior rectus
fascia and delivered through the peri-
umbilical incision. The harvested fats
was rinsed in saline, and then cut to
around 5mm.Thesestrippedfatswere

washed withsterilizedsalineand then
inserted into the well-vascularized
SCM muscle flap. The combined free
fat and SCM muscle flap were placed
into large dead spaces which resulted
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from the resection of the parotid can-
cer. As a result, the facial nerve was
covered with the combined flap and
facial contour could be restored (Fig-
ure 2). A 10-Fr closed suction drain
was used in all cases to drain both
the parotid and abdominal incisions.
Drains were removed when output
was less than 15 mL in a 24-hour pe-
riod. The grafted fat was observed at
1, 3, 6 and 12 months after grafting
through magnetic resonance imaging
(MRI). We calculated the percentage
of fat volume 1 month later, and used
this as the baseline for comparative
analysis at 3, 6 and 12 months after
fat grafting (Figure 3).

We also evaluated patient satis-
faction by using a modified Taylor
SM’s questionnaire® at 6 months,
postoperatively. Items included pa-
tient perception of facial symme-
try, incisional scar and symptoms
of Frey’s syndrome. Patients were
asked to grade their level of satis-
faction on a 10-point Likert scale,
whereby a score of 1 indicated com-
plete satisfaction and a score of 10
indicated complete dissatisfaction
(Table 2).

Results

All patients underwent total parot-
idectomy with ipsilateral neck dis-
section (levels I-1V) and parapharyn-
geal dissection. In addition, facial
nerve resection and reconstruction
were performed in 4 out of 15 cases.
Skull base surgery requiring the re-
section of involved cranial dura and
reconstruction were performed in
3 outof 15 cases.

Through MRI, the viability of the
grafting fat placed in the SCM flap
was demonstrated to be vital and
active. Figure 3 demonstrated the
change of grafted fat volume from
1 month to 12 months in a recurrent
parotid cancer.

MRI also showed that fat preserva-
tion rates at 3, 6 and 12 months were
92%, 85% and 81%, respectively
(Figure 4). In addition, MRI showed
that the viability of the grafting fat
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Figure 1: The fat harvesting procedure through a periumbilical incision. (1) A
periumbilical incision along the inferior half of the umbilicus. (2) Harvested free fat
through a periumbilical incision. (3) The harvested fats were cut to around 5 mm.

Figure 2: The combined free fat and SCM muscle flap. (1) The elevated SCM
muscle flap. The muscle flap maintains blood supply by the superficial transverse
cervical artery. This novel flap has a wide range and well-vascularized muscle
flap. Arrow: the sternum head for the muscle flap. Arrow head: stripped free
fat. (2) Reconstruction of defects following resection of parotid cancer by the
combined well-vascularized SCM muscle flap and free abdominal fat.

placed in the SCM flap remained vital
over the 12-month monitoring pe-
riod (Figure 5).

The mean time required to harvest
abdominal fat was 13 minutes and
20 seconds. In addition, it required a
mean time of 17 minutes and 10 sec-
onds to elevate the SCM muscle flap
(Table 1). The procedure is safe and
can be easily accomplished with a
minimally invasive method. Compli-
cations are rare and easily managed.

Drains were removed when the to-
tal output was less than 15 mL in a
24-hour period. The mean period of
drains indwelling in the neck and the
donor site was 2.5 days and 1.1 days,
respectively. The mean total suction
volume through drains after sur-
gery of the neck and the donor site
were 67 mL (11-242 mL) and 12 mL
(4-28 mL), respectively (Table 1).

Complications
There were no major complications
such as postoperative bleeding, sero-
mas or fat liquefaction. However, one
patient required oral antibiotics for a
minor infection.

Six patients out of all patients un-
derwent postoperative chemoradioth
erapy. However, no patients experi-
enced grafted fat necrosis or severe
reduction of grafted fat compared
with patients with non-receiving
postoperative chemoradiotherapy.

The questionnaire data showed
that the mean score regarding the fa-
cial contour deformity and incisional
scar was 1.33 and 1.06, respectively.
All patients treated by this method
demonstrated high satisfaction in
their perceptions of facial contour
and incisional scars at 6 months
(Table 1).
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The questionnaire also indicated
that no patient experienced subjec-
tive symptoms of Frey’s syndrome or
facial flushing at the site of surgery.
Donor site morbidity was of no con-
cern to the patients.

The combined free fat and SCM
muscle flap are especially useful fol-
lowing total parotidectomy with par-
apharyngeal space tumour resection.

Discussion

Total parotidectomy with para-
pharyngeal space dissection causes
significant loss of facial contour and
various surgical complications. To
prevent significant complications,
free flaps are usually applied for re-
construction. However, free flaps are
associated with much greater opera-
tive time and a large donor site, which
requires a skin graft for resurfacing.
Consequently, elder or comorbid pa-
tients could sometimes experience
severe stress as a result of surgery.
In order to perform a minimally in-
vasive surgery and to shorten the
duration of the surgical time, several
researchers have tried to use free fat
grafts from the thigh or abdomen for
cosmetic repair of the parotidectomy
defect?. Dermal fat is believed that its
attached vasculature to fat can aid in
revascularization of the grafted fat.
However, the procedure of harvesting
dermal fat requires moderately-high
level technique and additional time.
Furthermore, limiting size or reduc-
tion of volume are significant prob-
lems*6, To prevent these problems,
application of autologous platelet
adhesive to defect of superficial pa-
rotidectomy is reported to improve
outcomes’. However, there have been
controversial experimental reports®,
and reconstruction using the free fat
grafts has not been conclusively es-
tablished.

In an experimental study, Guer-
rerosantos et al.? indicated that the
long-term viability of the autotrans-
planted fat depends on well-vascu-
larized muscle and small fat strips.
However, only small strips fat cannot
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Figure 3: The change of grafted fat volume through MRI in recurrent parotid
cancer. Case 1: recurrent parotid cancer. MRI (postoperative 1 month to
12 months) 1: postoperative 1 month, 2: postoperative 3 month, 3: postoperative
6 month, 4: postoperative 12 month, 5: patient’s profile in postoperative
12 months.
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Figure 4: The grafted fat preservation rate (compared with postoperative
1 month).
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effectively retain good facial contour
due to soft and easy scatter. This re-
sults in significant deformity and
an incisional scar. In addition, small
strips of fat are sucked easily into
drainage tubes and often obstruct
them. To resolve these problems,
small fat strips need to be wrapped
by well-vascularized muscle flap.

However, in case of parotid cancer,
all cases were performed at the same
time as neck dissection (levels [-1V)
of the ipsilateral side. SCM has three
main feeding arteries including oc-
cipital artery, superior thyroid artery
and superficial transverse cervical
artery. Both feeding arteries of the
occipital artery and the superior thy-
roid artery are usually cut to perform
neck dissection in order to control
neck metastasis. To elevate upper
pedicle SCM muscle flap, both heads
of clavicle and sternum of SCM are
cut and the upper pedicle SCM mus-
cle flap usually resultin an ischaemic
flap. Based on the three main feed-
ing arteries for SCM, we investigated
only the sternum head for muscle
flap while maintaining blood supply
by the superficial transverse cervi-
cal artery derived from the subclavi-
clar artery. This novel procedure has
wide range and well-vascularized
muscle flap. The current study com-
bined well-vascularized SCM muscle
flap and free abdominal fat to recon-
struct defects following resection of
head and neck cancers.

The use of dermis-fat grafts from
the thigh or abdomen for the parot-
idectomy defect has been reported
to be useful for cosmetic repair®!.
The main indications for this meth-
od were benign parotid tumour and
small superficial parotidectomy®*.
However, approximately 30% of the
fat graft is resorbed; fat graft recon-
struction should not be used in pa-
tients with malignant tumours due
to the concern that the graft may
mask recurrence and adhere to the
cancer’. We developed a procedure
to wrap free fats with the SCM mus-
cle flap and graft to the defect of

Licensee OA Publishing London 2013. Creative Commons Attribution License (CC-BY)

FOR CITATION PURPOSES: Yokoyama ], Ohba S, Fujimaki M, Ito S, Kojima M, Anzai T, Yoshii R, Ikeda K. Minimally invasive
procedure for reconstruction through grafting free fat placed in sternocleidomastoid muscle flap following total
parotidectomy with parapharyngeal space dissection. Head Neck Oncol. 2013 Apr 01;5(4):42. 124

Competing interests: none declared. Conflict of interests: none declared.

All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



Head & Neck Oncology

Open Access

Figure 5: Case 2: recurrent parotid cancer. (1) MRI (postoperative 1 month).
(2) MRI (postoperative 12 months). (3) Patient’s profile (postoperative 12 months).

Table 2 = Patient satisfaction after parotidectomy with fat graft reconstruction
Questionnaire:
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parotidectomy. As a result, free fats
cannot contact the cancer directly
as they are separated by the SCM
muscle flap. Our report is the first
investigation of grafted free fats that
demonstrate effectiveness and safety
for large defects following resection
of advanced parotid cancers and
neck and parapharyngeal dissection.
In addition, patients with advanced
parotid cancer sometimes receive
postoperative radiation treatment.
In the current study, six (40%) pa-
tients received postoperative chemo-
radiotherapy. All of these patients
tolerated postoperative chemora-
diotherapy and grafted fat necrosis,
or significant reduction of grafted
fat did not result from postopera-
tive chemoradiotherapy. As a result,
our novel procedure combined with
well-vascularized SCM muscle flap
and free abdominal fat can contrib-
ute to reconstruction of defects re-
sulting from head and neck cancers.
Recently, human adipose tissue
has been reported to have the highest

Please complete the following questions to the best of your ability. Ensure that the responses reflect [] your own
opinion. Should you have any questions, please do not hesitate to ask your surgeon or a clinic nurse for assistance.

Thank you for contributing to our study.

1. How would you rate the facial contour deformity following your operation? (please circle)

I No deformity 12 34 56 7 8 9 10 Worst deformity

2. Please rate your incisional scar by circling the number below.
OOC Noscar 1234567 89 10 Worst scar

3. Do you experience facial sweating at the site of your operation when you eat? (please circle)

OOoo yesCNo

4. Do you experience facial flushing at the site of your previous surgery with eating? (please circle)

Ooooyes CINo

5. Would you undergo another operation to correct your facial contour deformity? (please circle)

OO yesdnNo

6. Would you undergo treatment for your incisional scar?
OOO0O yes OO NO

7. Would you undergo treatment for your facial sweating or facial flushing?

oo yesONo

8. How much of a problem is your fat graft donor site? (please circle)
Not a problematall 123 456 789 10 Extremely problematic
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percentage of adult stem cells in the
body, with as many as 5000 adipose-
derived stem cells per gram of fat".
In particular, human subcutaneous
adipose tissue is an abundant and ac-
cessible source of multipotent adult
stem cells!*2, Considering the high
preservation rate of grafted free fats,
we believe that our small striped free
fats can be supplied with blood by
well-vascularized muscle flap. In ad-
dition, the grafted free fats include
abundant and accessible source of
multipotent adult stem cells. As a re-
sult, fragile lipid-filled adipocytes are
more easily damaged and preadipo-
cytes can survive without nutrition
for much longer than adipocytes and
have a much lower oxygen consump-
tion rate. In our case, preadipocytes
and adipose-derived stem cells may
be selectively grown and may truly
indicate the only tissue to survive
transplantation.

Regenerative medicine by using
stem cells is developing in basic sci-
ence in order to determine ideal
treatments. However, at this time, it
is difficult to perform regenerative
medicine for clinical application us-
ing stem cells derived from fat. How-
ever, our method of using abdominal
fat grafts including abundant stem
cells can be easily performed, with
safety and reliability. Abdominal fat
includes rich stem cells that can re-
generate fat, resulting in the preser-
vation of free grafted fat volume over
a long period of time. These data can
draw attention to new regenerative
medicine in the future.

Based on this basic evidence, our
new combined procedure of free fat
and well-vascularized SCM muscle
flap were applied for reconstruc-
tion for total parotidectomy with
parapharyngeal dissection in order
to accomplish a minimally invasive
surgery and cosmetic reconstruction
over a long duration.

The questionnaire indicated that
no patient experienced subjective

symptoms of Frey’s syndrome or
facial flushing at the site of surgery.
Donor site morbidity was no concern
to the patients. All patients treated
by this method demonstrated high
satisfaction in their perceptions of
facial contour and incisional scars at
6 months. However, the SCM muscle
flap could not always prevent subjec-
tive symptoms of Frey’s syndrome or
facial flushing at the site of surgery?.
As a result, our combined free fat
and SCM muscle flap were especially
useful following total parotidecto-
my with parapharyngeal dissection
without complications.

Conclusions

The free fat grafts in the SCM muscle
flap restored facial contour and were
preserved over a long period. This
procedure is safe and can be easily
performed. It is a minimally invasive
procedure which can be performed
without complications.
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Cisplatin (CDDP) has been a key drug for chemotherapy in
patients with head and neck squamous cell carcinoma. Nephro-
toxicity is one of its adverse reactions that are dose limiting. To
increase its antitumor effects and reduce such toxicity problems,
polymeric micelles carrying CDDP (NC-6004) have been devel-
oped. The present study was designed to evaluate the efficacy
and safety of NC-6004 for oral squamous cell carcinoma. In vitro
antitumor activity was assayed in four oral squamous cell carci-
noma cell lines. To investigate the antitumor and nephrotoxic
effects of NC-6004, nude mice bearing OSC-19 were administered
NC-6004 or CDDP. The in vitro growth-inhibitory effect of NC-6004
was significantly less than that of CDDP. However, both NC-6004
and CDDP showed equivalent antitumor effects in vivo. Mice
with CDDP developed renal cell apoptosis; however, those
injected with NC-6004 were almost free of renal cell injury. More-
over, in an orthotopic tongue cancer model using OSC-19,
NC-6004 reduced the rate of sentinel lymph node metastasis to
lower than that with CDDP. In conclusion, considering the poten-
tial advantages in terms of noticeable antitumor activity, lympha-
tic drug delivery and reduced nephrotoxicity, NC-6004 represents
a significant structural improvement in the development of a
platinum complex. (Cancer Sci 2013; 104: 369-374)

H ead and neck cancer remains a significant public health
problem and ranks in the six leading cancers by inci-
dence worldwide, with an estimated 600 000 new cases every
year.’ Cisplatin (cis-dichlorodiammineplatinum; CDDP) has
been demonstrated to be one of the most effective cytotoxic
agents @ and the CDDP-based chemotherapy regimen has
gained widespread use in patients with head and neck squa-
mous cell carcinoma (HNSCC). However, its administration
has been hindered by its adverse reactions, for example, neph-
rotoxicity, neurotoxicity, gastrointestinal toxicity, hematologi-
cal toxicity and ototoxicity.”> Among these, the significant risk
of nephrotoxicity frequently hinders the use of high doses to
maximize its antineoplastic effects, which might be the cause
of treatment failure.

To overcome these problems and improve the therapeutic
effect of CDDP, we have been applying superselective supra-
dose intra-arterial CDDP infusion for advanced HNSCC.®
However, since this technique is more complicated than that of
i.v. infusion of antitumor drugs, it is not prevalent in the che-
motherapy scene. Recently, several kinds of nanoparticle thera-
peutic platforms, including liposomes, nanoparticles and
polymeric micelles, have been developed based on the idea
that the drug delivery system (DDS) can accumulate in the
tumor selectively, with reduced distribution in normal tissues
and minimized undesirable side-effects.®~” NC-6004, which is
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a CDDP-incorporating polymeric micellar nanoparticle,
enhanced antitumor activity and reduced the nephrotoxicity
and neurotoxicity of CDDP in gastric cancer.®'” Poly(ethyl-
ene glycol)-poly(glutamic acid) block copolymers (PEG-P
[Gu]) confer a stealth property to the formulation, which
allows the micellar drug preparation to be less avidly taken up
by the reticuloendothelial system and retained in the circula-
tion for a longer period of time. This has been recognized as
the enhanced permeability and retention (EPR) effect where
extravasation of high-molecular-weight micelles through leaky
tumor capillary fenestrations, which result from abnormalities
in angiogenesis at the tumor site, lead to accumulation and
retention for a long time.'" A prolonged circulation time and
the ability of EPR lead to the accumulation of CDDP in tumor
tissues. NC-6004 has been previously shown to possess signifi-
cant antitumor activity for human gastric cancer cells in a
mouse model.’”? However, the efficacy of NC-6004 in head
and neck cancer has never been studied.

In the present study, we analyzed the cytotoxicity of NC-6004
using the MTS assay and apoptosis assay on oral squamous
cell carcinoma cell lines. Antitumor and nephrotoxic effects of
NC-6004 were investigated and compared with those of CDDP
in in vivo experiments. As frequent involvement of regional
lymph nodes, especially the sentinel lymph node (SLN), is one
of the outstanding features of oral SCC, we further evaluated
the lymphatic distribution of NC-6004 in order to develop a
target therapy for cervical lymph node metastasis, which also
has never been evaluated.

Materials and Methods

Materials. Human oral squamous cell carcinoma cell lines
OSC-19, OSC-20, HSC-3 and HSC-4 were used for these
experiments. OSC-19 and OSC-20 were maintained in Eagle’s
minimum essential medium supplemented with 10% fetal
bovine serum. HSC-3 and HSC-4 were maintained in Dul-
becco’s modified Eagle’s medium with 10% fetal bovine
serum. Luciferase-transfected OSC-19 LN2-Luc cells were
kindly provided by Dr Jeffrey N. Myers (The University of
Texas MD Anderson Cancer Center, Houston, TX, USA).'®
The CDDP was obtained from Nippon Kayaku Co., LTD
(Tokyo, Japan). NC-6004 was supplied by NanoCarrier Co.
Ltd (Chiba, Japan).”” The luciferase antibody was purchased
from MBL (Nagoya, Japan). 6-week-old female BALB/c-nu
/nu mice were purchased from Charles River Japan Inc.
(Kanagawa, Japan). All animal procedures were performed in
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compliance with the guidelines for the Ethical Committee of
the Laboratory for Animal Experiments, Graduate School of
Medical Science, Kanazawa University.

In vitro growth-inhibition assay. Head and neck cancer cell lines
were evaluated in the present study. A 3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium salt
(MTS) assay was performed to assess the effect of cell prolif-
eration using the CellTiter 96 Aqueous One Solution Cell
Proliferation Assay (Promega, WI, USA). Briefly, cells were
seeded in 96-well culture plates at a density of 2" x 10° cells/
well. After 24 h incubation with 0.9% NaCl (control), a graded
concentration of CDDP or NC-6004 was added to each well
and incubated for 48 or 72 h. Following 2 h incubation of
MTS reagent, optical density was read with a Microplate
Reader Manager (Molecular Device, Sunnyvale, CA, USA) at
a wavelength of 490 nm. The ICs, values represented the drug
concentrations that reduced the mean absorbance at 490 nm to
50% in the untreated control well.

Apoptosis assay. Before incubation with drugs, OSC-19 cells
were cultured in serum-free medium for 24 h. Then, with a
series of CDDP- or NC-6004-containing medium for 24 h, cas-
pase-3 activity was measured using the Caspase-Glo 3/7 Assay
(Promega, WI, USA) according to the manufacturer’s instruc-
tions. Briefly, cells with CDDP or NC-6004 were added with
Caspase-Glo 3/7 Reagent (promega) to each well of the 96-
well plate. The luminescence of each sample was measured
with a Typhoon9200 imager (GE Healthcare UK Ltd, Amer-
sham, UK).

Evaluation of antitumor activity. For this experiment,
1 x 10° OSC-19 cells were injected s.c. on the dorsal skin of
BALB/c-nu/nu mice. When tumor diameters reached 3 mm,
tumor-bearing mice were allocated randomly to drug adminis-
tration groups. There were three test groups as follows: control
group; CDDP treatment; and NC-6004 treatment. Drugs were
injected i.v. via the tail vein each week, with three administra-
tions in total. Mice were administered a single i.v. injection of
5% glucose solution (control), CDDP (5 mg/kg) or NC-6004
(an equivalent dose of 5 mg/kg CDDP). The tumor volume
was  calculated wusing the formula: tumor volume
(mma) =a x b (where a is the longest tumor diameter and b
is the shortest tumor diameter).

TUNEL assay. A TUNEL assay was performed for the detec-
tion and %]luantitation of kidney cell apoptosis, as previously
described."¥ The ApoAlert DNA Fragmentation Assay Kit
obtained from Clontech (La Jolla, CA, USA) was used to
assess apoptosis-induced nuclear DNA fragmentation via a
fluorescence assay. On day 28 after administration of the
drug, the mice, in which the same experimental protocol
described in “Evaluation of antitumor activity” was used,
were killed. The kidney was removed and serum was
collected. The kidney was fixed in 10% formalin solution.
Paraffin sections were deparaffinized. TUNEL-positive apop-
totic cells were detected using visualization with a fluorescent
microscope. The number of apoptotic cells per 100 at five
fields in the tubule cells of the kidney was counted. In each
blood sample, the plasma concentrations of creatinine were
measured by SRL Laboratories (Tokyo, Japan).

Assessment of cervical lymph node metastasis. BALB/c-nu/nu
mice were anesthetized and 1 x 10° OSC-19 LN2-Luc cells
were then injected submucosally into the right side of the
tongue usin% a tuberculin syringe with a 30-gauge hypoder-
mic needle.™ Mice were administered a sublingual injection
of 5% glucose solution (control), CDDP (5 mg/kg) or NC-
6004 (an equivalent dose of 5 mg/kg CDDP) each week
around the implanted tumor, with three administrations in
total. On day 21 after implantation of OSC-19 LN2-Luc
cells, the mice were killed. Cervical lymph nodes were
resected and histopathologically examined using HE staining
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and luciferase staining to confirm the presence or absence of
tumors. The presence of lymphatic metastasis was compared
among groups.

For the pharmacokinetic study, drug concentrations were
measured in cervical lymph nodes and plasma. After the injec-
tion of CDDP or NC-6004, samples were collected at 1, 24, 72
and 144 h.

Statistical analysis. Data were expressed as the mean + SD.
Differences between test groups were analyzed using the Stu-
dent’s r-test. The sess statistical software version 18 (SPSS
Japan Inc., Tokyo, Japan) was used. A value of P < 0.05 was
considered to be significant.

Results

Sensitivity of oral cancer cells to CDDP. The cytotoxicity of
NC-6004 was evaluated in comparison to that of CDDP in oral
carcinoma cell lines. The ICsy values, calculated from dose-
survival curves obtained after 48 and 72 h treatment from the
MTS assay, were investigated (Table 1). The ICso values for
CDDP ranged from 16.5 to 283 pM at 48 h and 17.6 to
205 pM at 72 h. NC-6004 showed a growth inhibitory
potency that was lower than that of CDDP, with ICsq values
ranging from 1189 to 3984 puM at 48 h and 1139 to
119.3 uM at 72 h. The growth inhibitory effect of CDDP in
vitro was seven- to 14-fold more potent than that of NC-6004.

Upregulation of caspases by cisplatin and NC-6004. When
OSC-19 cells were exposed to increasing concentrations of
CDDP, caspase-3 and caspase-7 were activated in a dose-
dependent manner. Neither CDDP nor NC-6004 significantly
influenced caspase activity at a concentration of 0.05 pg/ulL.
However, CDDP and NC-6004 increased caspase activity at a
concentration of 2.5 pg/pl. by approximately 142-331% and
165-170%, respectively (Fig. 1). These data indicate that both
drugs induced apoptosis in a dose-dependent manner, which
relied on caspase-3 and caspase-7 activation.

Antitumor activity of NC-6004 on OSC-19 xenograft. The anti-
tumor activity of NC-6004 or CDDP was evaluated in oral car-
cinoma-bearing mice. All mice survived the experiment. In
OSC-19 xenografts, the tumor started to grow on day 14. On
day 35, mice treated with either CDDP or NC-6004 showed
4.9- or 6.6-fold tumor growth inhibition relative to the control
group, respectively (Fig. 2). There were no significant differ-
ences for the growth inhibitory effect between the two groups
receiving chemotherapy.

Decreased nephrotoxicity of NC-6004 to CDDP in mice. Nude
mice given an injection of CDDP or NC-6004 at a dose of
10 mg/kg were used to evaluate the structural and functional
consequences of CDDP-induced nephrotoxicity. In the control
group, no apoptosis in the tubule cells of the kidney was
detected. Drug-induced tubule cell apoptosis was recognized as
TUNEL-stained cells (Fig. 3a—c). Apoptotic cells from CDDP-
or NC-6004-treated mice were counted and scored as structural

Table 1. The 50% inhibitory concentration (ICso) values of cisplatin
(CDDP) and NC-6004 (nM)
Cell line 48 h 72 h

CDDP NC-6004 CDDP NC-6004
0sC-19 28.3 129.3 17.6 117.0
0SC-20 224 398.4 18.4 113.9
HSC-3 11.2 1105 10.2 71.7
HSC-4 16.5 118.9 205 119.3
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