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Increasing concern on chronic radiation injuries should be treated properly for life-saving improvement of wound management
and quality of life. Recently, regenerative surgical modalities should be attempted with the use of noncultured autologous adipose-
derived stem cells (ADSCs) with temporal artificial dermis impregnated and sprayed with local angiogenic factor such as basic
fibroblast growth factor, and secondary reconstruction can be a candidate for demarcation and saving the donor morbidity.
Autologous adipose-derived stem cells, together with angiogenic and mitogenic factor of basic fibroblast growth factor and an
artificial dermis, were applied over the excised irradiated skin defect and tested for Patients who were uneventfully healed with

minimal donor-site morbidity, which lasts more than 1.5 years.

1. Introduction

There is an increasing worry on radiation injuries probably
caused by nuclear power plant (NPP) reactor accidents,
therapeutic irradiation for malignancy, and interventional
radiology (IRV) of unexpectedly prolonged fluoroscopic
procedures for cardiovascular diseases such as arrhythmia,
ischemic heart diseases, or nuclear medicine of overdose
intake of the radioactive for nuclear medicine of internal
radiation therapy. The problems are concerning chronic
radiation injury as well as how to heal such local and
systemic injures acutely. Local chronic radiation injury is
resistant to conventional therapeutic modalities such as flap
coverage or skin grafting because the deteriorated margins
are sometimes indistinguishable from normal intact tissue,
and thus sufficient enough debridements are not obtained
with surgeons’ naked eyes.

These conditions should be treated properly for the sake
of life saving and improvement of local wound healing [1].
However, data of total evidence-based clinical analysis were

not established yet. Authors’ institute, Nagasaki University, is
selected as a global strategic center for radiation health risk
control by the Japan’s Ministry of Education, Culture, Sports
and Technology from FY 2007 to 2011 and exploring to
establish such therapeutic regimens, to prevent the radiation
injuries, and possibly to regenerate medical and surgical
therapy for radiation injuries by using patients’ own adipose
tissue-derived stem cell therapy.

Often seen chronic radiation injuries are well handled
by sufficient enough blood supply to the radiated tissues,
especially in the cartilage, bare bone, and hardened scar
tissues. For this purpose, local, distant, and microsurgi-
cal vascularized flaps are applied. Recent development of
microvasculature of the skin and soft tissues including
the connective tissues plays major roles in attributing to
accelerate local wound healing. Also, externally administered
angiogenic growth factor such as basic fibroblast growth
factor (bFGF) together with temporal wound coverage of

artificial skin substitute is very effective for those patients
with severe injuries, patients with comorbidities, who are
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FIGURE 1: Strategy of emergency radiation injury. Collaborative work with highly established international centers and organ is proposed.

intolerant to the extensive and long surgeries [2]. Here,
chronic radiation-injured wounds are tested with non-
cultured autologous adipose-derived stem cells and clinical
implications are discussed.

2. Materials and Methods

2.1. Treatment of Chronic Local Radiation Injury with Con-
ventional Methods and Stem Cells. Often experienced in
radiation therapy for malignancy, cardiovascular modalities
should be categorized as difficult wounding with poor
vasculature or less healing potentials.

From January 1990 to April 2007, 10 (8 females and 2
male) patients who demonstrated chronic radiation injuries
such as telangiectasia, xerosis, epidermal atrophy karatoses,
and fibrosis as well as deep ulcers in the costal ribs and
sternum by adjuvant radiation therapy after mastectomy
and prolonged fluoroscopic procedures for cardiovascular
diseases were surgically treated.

Other selective clinical cases used angiogenic growth
factor namely human recombinant basic fibroblast growth
factor (rh-bFGF), which is clinically approved and widely
used for clinical wounds in Japan with skin substitutes, which
are also clinically available not only in Japan but also in many
other nations including USA, the majority of EU nations,
and several Asian counties, and the effectiveness of using the
artificial skin substitutes in the chronic radiation injuries is

temporal coverage and sustainability of both internal and
external cells and growth factors. Therefore, combined use of
bFGF and artificial skin substitute leads to improved quality
of wounds (scar tissue) as well as facilitated wound healing
[3].

One case was treated with non-cultured autologous
adipose-derived stem cell (ADSC) for chronic sacro-coccyg-
eal radiation ulcer in 2008, which was caused by a therapeutic
radiation at fractionate 50 Gy at 40 years previously.

2.2. Methods. This study was approved by the Ethics Com-
mittee of the Nagasaki University Hospital, and written
informed consent was obtained from all patients (approved
no. 08070296) and partly supported by the Global COE
(Center of Excellence) Program E08, Global Strategic Center
for Radiation Health Risk Control, and it was funded
by the Japan Society for the Promotion of Science. This
national research grant enables us to investigate 3 main
themes related to radiation health risk: (1) atomic-bomb
disease followup cohort research with over 60-year con-
tinuous research history, (2) radiation basic science, and
(3) international radiation health research. Especially, this
radiation regeneration research was involved in further
international collaboration framework under international
organizations such as WHO (World Health Organiza-
tion) and IAEA (International Atomic Energy Agency)
(Figure 1).
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FiGuRre 2: The Adipose-derived stem cells are processed in a closed-
circuit machine within 1.5 hours.

2.3. Harvesting of Adipose Tissue by Liposuction and Isolation
of ADSCs. 3-5 mm incisions, two incisions in the abdomen,
four incisions in the thigh, and two incisions in the gluteal
region, were made on the abdominal region, the thigh, and
the gluteal region. The subcutaneous layer was infiltrated
with a lactated Ringer’s solution with addition of 0.5 mL of
epinephrine and 25 mL of 1% lidocaine per 500 mL. Adipose
tissue was suctioned using an 18-G Becker cannula with a
50mL syringe. Total 250 gram-fat tissues, 120 grams from
the abdominal region, 80 grams from the gluteal regions, and
50 grams from the thighs were harvested.

ADSCs were isolated from the suctioned adipose tissue
by using the Celution system. (Cytori Therapeutics, Inc.,
USA). Briefly, the suctioned adipose tissue was introduced
into the Celution cell-processing device, which automatically
and aseptically extracts and concentrates the mononuclear
fraction of adipose tissue and removes unwanted or delete-
rious cells, cell and matrix fragments such as lipids. By using
the Celution system, a 5mL solution is added to isolated
ADSCs in about one and a half hour (Figure 2). The whole
procedure is in a closed circuit and this reduces the chance of
the contamination.

The small portion of processed ADSCs was used for
the ex vivo cell culture and confirmed the proliferation
and differentiation potential. The ADSCs-rich fraction was
then plated onto collagen type-I-coated plastic culture flasks
in a serum-free medium for primate embryonic stem cells
(Primate ES medium, RiproCELL, Tokyo), and the cells,
clonally expanded, were collected and stored in Liquid Nitro-
gen as the primary ADSCs. ADSCs were subcultured when
they reached to 80% confluence. Cells were treated with
trypsin/EDTA solution, neutralized with tripsin-neutralizing
solution, and collected by centrifugation for 5 minutes at
1,200 rpm. The pellects were resuspended in a fresh medium;
the number of cells was counted, and 3 x 10° cells were plated
into T25 flasks (25 cm?) for subculture while the rest of the
cells were stored in liquid nitrogen.

2.4. Adipose-Derived Stem Cell Grafting and Postoperative
Management. For the scaffold purpose, we used the artificial
dermis (Terudermis, Olympus-Terumo Biomaterials Co.,
Ltd., Japan) (Figure 3). The Terudermis is composed of two
layers: a lower layer of bovine atelocollagen and an upper
layer comprising a silicone sheet which protects against

infection and dryness from the outside. After minimum
debridement, the Terdermis was multilayered and stacked
over freshly debrided wounds. The silicone sheets were
removed except top Terudermis. The two-thirds of isolated
ADSCs alone were injected; around the debrided wounds,
at the base of the wounds, and into Terudermis. Another
one-third of ADSCs was mixed with the autologous adipose
which was rinsed with a lactated Ringer’s solution. In
the Celution system, after isolating ADSCs, the disposable
cell collection plastic case one was again used to mix the
suctioned fat, which is rinsed separately in the 50-cc syringe
and repeated until the oil droplets are removed. After being
mixed, it was injected into a zone of hard fibrotic tissue
around the debrided wounds in 2-cm width in all directions.

2.5. Angiogenic Growth Factor and Basic Fibroblast Growth
Factor (bFGF). Genetically recombinant human bFGF
(Fiblast, Trafermin) was purchased from Kaken Pharma-
ceutical Co., Inc (Tokyo, Japan). The Freeze-dried bFGF
was dissolved in 5mL of benzalkonium chloride containing
solution right before the first use and stored at 4°C for
one day, with 300 uL sprayed over 30 cm? area from 5cm
distance, and 0.3 mL per day of this solution was applied
over the wound. One week after removing the silicone layer,
human recombinant fibroblast growth factor (bFGF: Fiblast,
Kaken Co., Ltd., Japan) (Figure 4) was sprayed. The wound
was covered with nonadherent occlusive foam dressing.

3. Results

3.1. Treatment of Chronic Local Radiation Injury with Con-
ventional Method. All wounds were healed after several
surgical modalities. None of the cases was healed with single
procedure (2 to 6 surgeries, mean 4.3).

Of our cases, one breast-cancer patient was treated
by a standardized Halsted method with major and minor
pectoralis muscle, radical neck, and axillary and internal
mammary lymph node dissections. This patient has under-
gone 50-Gy fractionate radiation therapy postoperatively.
The radiated area showed chest fistula deep to the pleura with
surrounding unhealthy hardened scar tissue and chronic
inflammation.

The whole affected area was sequentially excised in 3
reconstructive surgeries, starting with rectus abdominis mus-
culocutaneous flap, then latissimus dorsi musculocutanous
flap, and finally with groin-free flap. In the course after
each surgery, the margin of the flap was partially dehiscent
and necrotized, which required further touchups? The total
number of the reconstructive surgery was 6 (Figure 5).

3.2. Treatment of Chronic Local Radiation Injury with
Adipose-Derived Stem Cells. Regeneration method with
patient’s own non-cultured ADSCs was planned for a patient
underwent 50-Gy fractionate radiation therapy for uterine
cancer 40 years ago. The pigmented sacrococcygeal region
appeared with central intractable wound. Necrotized bone
and fascia muscle along with malodour were observed.
The ADSCs-treated chronic radiation wounds underwent
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Structure and function of Terudermis
silicone membrane type (standard type), 10cm x 10 cm

Silicone membrane (0.2 mm thickness)

o To protect from infection and
dryness (case of skin)

Collagen layer (3 mm thickness):

Atelocollagen sponge, cross-linked by heat

« To conduct surrounding tissue, dermis, mucosa,
gingiva, and bone, by surrounding cells infiltration.

o To fit onto wound and alleviate pain.

FiGURE 3: Freeze-dried bilayer artificial dermis made of bovine dermis. The outer membrane of silicone layer is easily removed and easily

soaked with cell-containing solution.

FGF-2 (bFGF) ?
Biological and clinical aspects

bFGF is stored ubiquitously in extra cellular
matrix (ECM) of tissues and released when
the tissues undergo some damage like
trauma and ischemia and works as a potent
regeneration agent.
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Tissue regeneration

F1GURE 4: Commercially available growth factor and basic fibroblast growth factor ( bFGF). Mode of action is explained and the mechanism

is proposed.

debridement to remove unhealthy superficial necrotized
bone, fascia, periosteun, and muscle. 3.8 x 107 cells
in 5-mL of final volume from 250 mL of subcutaneous
aspirated fat obtained from nonradiated area were used.
Some ADSCs were directly injected in wound bed and
margins; others were soaked with the artificial dermis. In
a few days postoperatively, the silicone upper layer of the
artificial dermis (Terdermis) was removed, and bFGF was
sprayed over the regenerated wound for three weeks. There
was no significant adverse effect neither in donor site or
treated wound. The wound was healed uneventfully by day

82 and no sign of recurrence appeared, but the regenerated
tissue developed mature in 1.5 years (Figure 6).

4. Discussion

Local radiation injuries caused during medical therapy for
malignant tumors (4] and heart disease [5] may be accom-
panied with systemic symptoms of hematologic, neurologic,
and gastrointestinal symptoms such as neutropenia, throm-
bopenia, fatigability, nausea, and diarrhea by contact to the
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FIGURE 5: 55-year-old woman underwent a left breast cancer surgery by a standardized Halsted methods, followed by 50-Gy fractionate
radiation therapy 15 years previously. (a) The chest demonstrates fistula to the costal rib and adjacent to the pleura as the arrow depicts, and
the surrounding tissues were firm and various-degree inflammation existed. (b) Sequential three major flaps (rectus abdominis, latissimus
dorsi, and free groin flap) are used for total coverage. (c) In 7 years postoperative view. There is irregularity of the scar margins.

scrap yard radioactive wastes without notice [6] or exposure
to the radiation accidents [7] by touching gammagraphy
radioactive source by mistake [8]. Since locally radiated
tissues show decreased or insufficient vascularity and tissue
damage, demonstrating erythema, teleangiectasia, pigmen-
tation, or dermal atrophy, once wound is developed, it is
often intractable and further leading to tissue necrosis, infec-
tion, and later fibrosis in demonstrating chronic radiation
injury syndrome [9]. Therefore, radiation-injured wounds
tend to persist for a long time, show impaired healing, and
be prone to recurrence even by minor trauma. Radiated

wounds are treated by adequate debridement both in the
depth and in the width and covered with well-vascularized
tissues or by cultured bone-derived mesenchymal stem cells
[8]; however, the long-term outcome is not warranted, and
donor-site morbidity and the duration for treatment are
sometimes concerned, especially for the aged patients or
patients who somehow have problems in harvesting the
donors or being limited due to the coexisting diseases. As
seen in our reconstructive cases, the surgical modalities
constantly required multiple surgeries partly due to the
definitive damage-free margins of the affected tissue.
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(e)

FIGURE 6: 89-year-old woman underwent a uterine cancer surgery followed by 50-Gy fractionate radiation therapy 40 years previously. (a)
In 10 x 10cm area of radiation, 5 X 10cm area was exposed. Bone, fascia, and muscle as well as skin and fat were affected. (b, ¢, d)
After careful debridement, 3.8 x 107 cells/5 mL were applied over the wound bed and margins and soaked with artificial dermis. In a few
days postoperatively, bFGF was sprayed over the peeled-off inner regenerated tissue for 21 days. (e) In 1.5 years postoperative view. The

regenerated tissue remained durable, soft, and pliable.

Application of Stem cell therapies for repair and regener-
ation has recently been investigated at a clinical level in vari-
ously defected or injured tissues, among which stem cells and
adipose-derived stem cells (ADSCs) can be harvested with
a minimally invasive procedure by liposuction procedure
through a small incision. Similar to our method but in detail
very different, Clinically purified autologous lipoaspirates

were used as treatment for radiotherapy tissue damage of
consecutive 20 patients. Indirectly, induced ADRCs have
potential in cell therapy for radiation injury due to increasing
neovascularization and retention of the fat property [10].
This enables us to adopt this regeneration method for
patients with severe comorbidity such as elderly systemic
disease and physical wasting state (data not shown). The
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ADSCs contain several types of stem and regenerative cells,
including endothelial and smooth muscle cells and their
progenitors and preadipocytes [11]. The ADSCs have the
capacity to differentiate into multiple lineages and cell types
including mesodermal tissues such as fat, bone, cartilage,
endothelial cells of endodermal origin, and neurons and
epidermis of ectodermal origin as seen in the mesenchymal
stem cells [12].

Management of radiation injuries composes two major
parts. One is localized injuries and the other is of systemic
injuries. Among localized radiation injuries, chronic injuries
are more common in the medical field after caner radiation
therapy. Usually management of these chronic wounds is
well handled by well-vascularized tissue transfers as various
plastic surgical procedures have proved. In consideration of
each patient general condition and preference, the choice of
therapeutic selections should be performed. On the other
hand, when the local radiation injuries are encountered
in an acute phase, there are high chances for innovative
procedures using autologous stem cells. The hMSCs are
resistant to radiation. We have previously demonstrated in
vitro cell proliferation curve and are also able to produce
protein avoiding cell apoptosis [13]. And the application of
cultured bone-derived mesenchymal stem cells successfully
healed severe local radiation wounds. However, the cultured
stem cell therapy takes longer period as long as 16 days before
cell therapy and required multiple (5 times) cell injections as
well as 2 skin grafting, 2 flaps, and 1 artificial dermis coverage
[14]. Also, increasing evidences demonstrate that ADSCs
are similar to hMSCs in cell properties and characteristics
both in vitro and in vivo [11]. ADSCs are highly yielding
and less invasive for donor sites. The acute myocardial
infarction porcine models by improving left ventricular
function, perfusion, and remodeling [15]. When localized
radiation was distant enough from the donor sites adipose
tissues, immediate debridement and regeneration happens
using adipose-derived stem cells, which are available for
processing within 1.5 hours simultaneously in the same
operation theater without cell culture since adipose tissues
(fat tissues) are abundant in adult humans compared to
other stem cell sources. In the limited clinical circum-
stances of high-risk patients such as elderly and chronic
local infection, there is still opportunity of harvesting
and processing the patient’s own fat-derived stem cells
successfully as seen in our case. Practically for emergency
radiation injury cases, more abundant cell sources such
as fat are the primary candidate for this purpose. The
cell property and characterization of ADSCs are discussed
and discussed either fresh or cultured [16]. The results
from the clinical trial for acute myocardial infarction are
expected and may be applicable for acute radiation injury
treatment.

For treatment of systemic radiation injuries, stockpiled
stem cells should be globally available through medical
assistance network system under WHO-REMPAN, in which
Nagasaki University is highly involved in its activity, or
other international frameworks. Early resurfacing of the
damaged skin and subcutaneous tissues is as important as
hematological and intestinal system resuscitation [17].

Also, therapeutic guidelines for systemic radiation
injuries are anticipated from practical and regulatory view
points. Highlighting innovative technology and devices as
well as currently existing medicines and devices is expected
for the sake of preparing to treat “systemnic” radiation injuries
most effectively.

Therapeutic regimens of radiation injuries used to be
dependent on each subspecialty in the medical filed such as
internal medicine, radiology, and surgery.

Recent establishment of wound care specialty was mostly
led by plastic surgeons, but other supporting specialists such
as nurses, dermatologists, and gastrointestinal physicians
and surgeons may be practically handling these rare but of
significant impact “radiation injuries” as a interdisciplinary
approaches. Therefore, more specialization for “radiation
injuries” may be required.
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Down-regulation of microRNA 10a expression in
esophageal squamous cell carcinoma cells
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Abstract. This study identified significantly down-regulated
microRNAs (miRs) specific for esophageal squamous cell
carcinoma (ESCC) cells. Total RNA was extracted from
ESCC cell lines (OE21 and TEI10) and a non-malignant
human esophageal squamous cell line (HetlA), and subjected
to microarray analysis. Expression levels of miRs that showed
significant down-regulation in ESCC cells compared to Het1A
cells based on the comprehensive analysis were analyzed by
quantitative reverse transcription polymerase chain reaction.
Among the significantly down-regulated miRs, miR-10a
expression levels in the five ESCC cell lines examined were
significantly lower than in HetlA and the esophageal adeno-
carcinoma cells. Since miR-10a is a specific miR in ESCC,
its clinical relevance was examined. Using ESCC tumor
samples and non-cancerous tissue obtained endoscopically,
the involvement of miR-10a in the clinicopathological find-
ings was examined. MiR-10a expression was comparably
down-regulated in the tumors of high-grade intraepithelial
neoplasm and non-invasive ESCC, while the expression
levels were elevated in the invasive ESCC tumors. Treatment
with a demethylating agent, 5-aza-2'-deoxycytidine, restored
miR-10a expression in OE2] cells. Only a modest additive or
synergistic effect was observed in the presence of a histone
deacetylase inhibitor, trichostatin A. These results imply that
miR-10a may be differentially expressed in ESCC cells and
may be involved in ESCC development and progression. The

Correspondence to: Dr Hajime Isomoto, Department of
Gastroenterology and Hepatology, Nagasaki University Hospital,
Nagasaki 852-8501, Japan

E-mail: hajimei-ngs@umin.ac.jp

Key words: microRNA, microRNA 10a, esophageal squamous cell
carcinoma, DNA methylation

unique epigenetic regulation of miR-10a expression can be
mediated via hypermethylation of the CpG islands proximal
to its gene locus, at least in certain ESCC cells.

Introduction

Esophageal cancer is the eighth most common cancer and
the sixth most common cause of cancer deaths worldwide
(1). Although Barrett's adenocarcinoma is the most rapidly
increasing cancer in Western countries (2}, esophageal
squamous cell carcinoma (ESCC) is still dominant in East
Asia, including Japan (3). ESCC is often diagnosed at a late
stage; thus, the prognosis of affected patients is unsatisfactory,
despite the development of therapeutic options such as surgery,
chemotherapy and radiotherapy (4). Consequently, there is
a need for biomarkers to allow for a tailored, multimodality
approach with increased efficacy. However, efforts to identify
molecular markers in association with the pathogenesis of
ESCC have been unsuccessful thus far (5).

MicroRNAs (miRs) are small, non-coding RNAs that
negatively regulate gene expression via translational repres-
sion or messenger RNA degradation. More than 700 miRs
have been identified and registered in humans, with each
individual miR predicted to target multiple genes based on
the seed sequence matches in their 3-untranslated regions
(UTRs) (6). MiRs are involved in biological and pathological
processes, including cell differentiation, proliferation, apop-
tosis and metabolism (7), and they are emerging as highly
tissue-specific biomarkers with potential clinical applicability
for defining cancer type and origin (8,9). Accumulating
evidence indicates that the deregulation of miRs is associated
with human malignancies, suggesting a causal role of miRs
in tumor initiation and progression (10) since they are able to
function as oncogenes or tumor suppressors (11).

Pioneering studies on chronic lymphocytic leukemia
(CLL) showed that miRs play a role in cancer pathogenesis
and that the expression of miR-15a and miR-16-1 was deleted
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in the majority of CLL case analyses (12). Further functional
analysis identified an anti-apoptotic Bcl-2 as one of the actual
targets regulated by these miRs, implying that miR-15a and
miR-16-1 were tumor suppressor genes that deregulate cellular
survival (12). Human ler-7 genes that map to regions are
deleted in many cancer types, and the let-7 family may also
function as tumor suppressors (13). A possible mechanistic
explanation for this was provided by the discovery that RAS
oncogenes are the targets of let-7 members (14). Similarly, the
genomic locus encoding miR-34a is frequently lost in certain
malignancies (13), and non-small cell lung tumors exhibit a
reduced expression of miR-34b and miR-34¢ (15). miR-34
members were shown to be direct transcriptional targets of
p53, a representative tumor suppressor protein (13,16) in that
their ectopic expression induces p33 itself and its downstream
targets and reduces p53-dependent apoptosis. These data
establish the integration of certain down-regulated miRs into
the tumor suppressive pathways (11,13).

Currently, there is limited information on the relationship
between the pathogenesis of ESCC and miRs. Therefore,
the present study was designed to identify the miRs that are
specifically down-regulated in ESCC cells, possibly exerting
regulatory activities.

Materials and methods

Cell lines and cultures. Human ESCC cell lines OE21, TES,
TE8, TEIO and TEIl; 1 non-malignant human esophageal
squamous cell line immortalized by SV40 infection (Hetl A);
2 human Barrett's adenocarcinoma cell lines (Bic-1 and Seg-1);
3 human gastric adenocarcinoma cell lines (AGS, AZ521 and
KATOIII); 2 colorectal adenocarcinoma cell lines (Caco-2
and DLDI); 1 human cervix epithelioid carcinoma cell line
(HeLa); 1 human lung adenocarcinoma cell line (A549) and
human hematological malignant cell lines (acute promyelotic
leukemia, HL60; human T cell lymphoblast-like cell line,
Jurkat and histiocytic lymphoma, U937) were cultured. The
AZ521, KATOIII, DLD-1, HeLa, A549, HL60, and U937 cells
were purchased from the Japanese Collection of Research
Bioresources Foundation (Sennan, Japan). The OE2I, Het-1A,
AGS and Caco-2 cells were obtained from the American Type
Culture Collection (Manassas, VA, USA). The TES, TE8, TEL0
and TE1I cells were purchased from Riken Bioresource Center
Cell Bank (Tsukuba, Japan). Bic-1 and Seg-l1 were kindly
provided by Dr D.G. Beer (Ann Arbor, MI, USA). The OE-21,
TES, TES, TELO0, TELL, Het-1A, U937, HL-60, DLD-1, Jurkat
and KATOIII cells were grown in RPMI 1640 medium, while
the HelLa, A549, and Caco-2 cells were maintained in Eagle's
minimal essential medium. Both media were supplemented
with 10% fetal bovine serum, 1% penicillin/streptomycin and
1% glutamine, and all cell lines were cultured in a humidified
incubator under 5% CO, at 37°C.

Patients and clinical samples. Consecutively, 20 patients
with ESCC or high-grade intraepithelial neoplasm (HGIN),
or controls without the tumor who underwent esophagoscopy
between June 2007 and May 2009, were recruited. After
obtaining their informed consent, three biopsy samples were
removed from the ESCC tumors and from normal-appearing
esophageal mucosa under endoscopic observation. Of these
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samples, two were placed immediately into 1 ml of RNA
(Applied Biosystems, Foster City, CA, USA) for RNA isola-
tion at a later time point. The other sample was fixed in
10% formalin and embedded in paraffin for histopathology.
The paraffin-embedded biopsy samples were cut into 3-pm
sections and stained with hematoxylin and eosin.

RNA extraction. Total RNA, including miR from the tissue
samples and cultured cells, was extracted using a mirVana
RNA Isolation kit (Applied Biosystems) according to the
supplier's instructions. The quality of the total RNA was deter-
mined on a Bioanalyzer (Bioanalyzer RNA Nano kit, Agilent,
Santa Clara, CA, USA), and the RNA was quantified using a
Nanodrop-1000 spectrophotometer (Nanodrop Technologies,
Wilmington, DE, USA). The extracted RNA samples were
stored at -80°C until use.

MicroRNA array hybridization and analysis. To find specific
miRs for ESCC cells, total RNA was extracted from OE21 and
TEIO cells, representative well- and moderately-differentiated
human ESCC cell lines, respectively, and the non-malignant
human esophageal squamous cell line, HetlA. The isolated
RNA samples were subjected to a comprehensive analysis
of miRNA expression patterns with microarray-based tech-
nology, an Agilent Human miRNA array chip version 1
(Agilent), containing 15,000 probes corresponding to 470
unique human miRs and 64 human viral miRs catalogued in
the Sanger database version 9.1. An aliquot of 100 ng each
of total RNA was treated with calf intestine phosphatase
(GE Healthcare, Chalfont St. Giles, UK), denatured using
DMSO (Sigma, St. Louis, MO, USA), and directly labeled
with Cy3 using T4 RNA ligase (GE Healthcare). Labeled
samples were hybridized to the miR array 8X15k (G4470A)
platforms in SureHyb chambers (Agilent), washed with the
buffer supplied (Agilent), according to the manufacturer's
instructions, and scanned using an Agilent Scanner (G2505B).
Data were extracted using Feature Extraction software 9.3
and GeneSpring software (Agilent). To identify miRs that
were differentially expressed between the ESCC cell lines and
Hetl A cells, a supervised analysis was performed using signif-
icance analysis of microarrays (SAM, Stanford University,
Stanford, CA, USA). The differences in miR expression were
considered significant if the fold-change of expression values
was >2.0 and the p value was <0.05 using the t-test.

Quantitative reverse transcription-polymerase chain reaction
analysis for microRNAs. Expression levels of miRs that
showed significant differences based on the microarray results
were analyzed by quantitative reverse transcription-polymerase
chain reaction (RT-PCR) using various human malignant cell
lines, including ESCC, and non-malignant HetlA. cDNA
was prepared from total RNA using a Tag Man MicroRNA
Reverse Transcription kit (Applied Biosystems). Predesigned
Taq Man MicroRNA assays including the primer set and Taq
Man probe were purchased from Applied Biosystems. The
reverse transcription reactions were performed in aliquots
containing 50 ng total RNA, 1.5 pl 1X RT primer, 1 pl 10X
RT buffer, 0.15 yl 100 mM dNTP, | pl reverse transcriptase
and nuclease-free water added up to 15 ul at 16°C for 30 min,
followed by 42°C for 30 min and 85°C for 5 min. PCR reactions
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Figure |. Based on microRNA (miR) microarray analysis, the expression of miR-153, -100, -125b, -10a, -99a, -376a, -379, -651, and -146b is significantly
reduced in the two esophageal squamous cell carcinoma (ESCC) cell lines (OE21 and TE10) compared to HetlA cells (A). Quantitative reverse transcription
(RT)-PCR shows a substantial decrease in the relative miR-10a expression levels in all ESCC cell lines (OE21, TES, TE8, TE10 and TE11) compared to Hetl A
(B) and the Barrett’s adenocarcinoma cells (C and D). The miR-10a expression levels did not necessarily decrease in the ESCC cells compared to those in the

remaining malignant cell types examined (C).

were performed in 20-pl aliquots containing 1.33 pl of miR
RT products with 18.67 ul of PCR master mixture (10 gl 2X
Universal PCR master mix; 1 ul each primer; 1 ul Taq Man
probe; and 6.67 ul nuclease-free water), and run in triplicate
on the 7500 Real-Time PCR system (Applied Biosystems).
Thermal cycling was initiated with a first denaturation step
at 95°C for 10 min, followed by 40 cycles of 95°C for 15 sec
and 60°C for 1 min. The cycle passing threshold (Ct) was
recorded for each candidate miR, and a small RNA, U6B,
was used as the endogenous control for data normalization.
Relative expression was calculated using the formula 2-P¢ =
2-(Ct. UoB - CuSpecific) a5 described in the ABI PRISM 7700 SDS
relative quantification of gene expression protocol by PE
Applied Biosystems. Similarly, total RNAs extracted from
the neoplastic and non-neoplastic samples (esophagoscopic
biopsies) were subjected to real-time quantitative RT-PCR for
quantitation of miR-10a expression levels.

5-Aza-2'-deoxycytidine and trichostatin A (TSA) treatment.
OE21 cells were incubated with or without 5-aza-2'-deoxycy-
tidine (DAC) (1 or 5 pmol/l) for 96 h, followed by treatment
with 0.5 pmol/l trichostatin A or vehicle for an additional
24 h. Total RNA was then extracted and subjected to the
quantitative RT-PCR for measurement of the cellular miR-10a
expression levels.

Statistical analysis. The differences between groups were
analyzed using the unpaired, one-tailed, Student's t-test. Data

are expressed as means * standard error. Differences were
considered statistically significant at p<0.05. All examinations
were conducted according to Good Clinical Practice and the
Declaration of Helsinki, and were approved by the Nagasaki
University ethics committees.

Results

Specific down-regulation of microRNA-10a in esophageal
squamous cell carcinoma. Based on the miR microarray
analysis, the expression of miR-153, -100, -125b, -10a, -99a,
-376a, -379, -651 and -146b was significantly (>2-fold)
down-regulated in the ESCC cell lines compared to the
non-malignant HetlA cells (Fig. 1A). On the other hand,
miR-203, -429, -205, -200c and -141 were significantly
(>2-fold) overexpressed in the two ESCC cell lines compared
to non-malignant Het1A cells. We focused on the significantly
down-regulated miRs, considering their possible regulatory
actions for carcinogenesis (11,13). Real-time RT-PCR was used
to quantify expression levels of miRs that showed significant
reductions in expression on the microarray analysis. Among
the corresponding miRs, only the miR-10a expression levels
substantially decreased, respectively, in all of the ESCC cell
lines (OE21, TES5, TE8, TEI0 and TE1l) compared to HetlA
cells on quantitative RT-PCR (Fig. 1B). However, the miR-10a
expression levels did not necessarily decrease only in the
ESCC cells, and levels varied among the diverse malignant
cell types examined (Fig. 1C). MiR-10a expression was
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Figure 2. Quantitative RT-PCR analysis of miR-10a expression levels in the
tumor samples and non-cancerous mucosa of the esophagus. The expres-
sion levels significantly decreased in high-grade intraepithelial neoplasms
(HGIN) and tended to be low in non-invasive ESCC (carcinoma in situ,
CIS), despite the results being insignificant. No difference was noted in the
miR-10a expression levels between the invasive cancer (IC) phenotype and
the other groups.

substantially down-regulated in ESCC cells compared to the
Barrett's esophageal adenocarcinoma ones (Fig. 1D). These
results indicate that miR-10a expression may be differentially
down-regulated in SCC of the esophagus.

Down-regulation of microRNA-10a in esophageal high-
grade intraepithelial neoplasm and non-invasive esophageal
squamous cell carcinoma (carcinoma in situ). MiR-10a expres-
sion in ESCC tumor samples and non-cancerous tissues was
assessed using real-time RT-PCR (Fig. 2). Relative miR-10a
expression levels were significantly lower in esophageal
HGIN and tended to be low in non-invasive ESCC (carcinoma
in situ), which were histopathologically classified according
to the guidelines of the Japanese Esophageal Society for the
diagnosis and treatment of ESCC (17), compared to the non-
tumor mucosa. MiR-10a expression was heightened in the
invasive ESCCs despite the results being insignificant.

Restoration of microRNA-10a expression with 5-aza-2'-
deoxycytidine treatment. Relative expression levels of miR-10a
significantly increased in the presence of DAC, even at a
concentration of 1 umol/l in OE21 (Fig. 3). However, no
increase was noted in the TEIO cells (data not shown). No
significant effects on miR-10a expression were observed
following incubation with TSA at a sufficient concentration in
the cell lines (Fig. 3).

Discussion

In the present study, miR-10a was substantially down-regulated
in ESCC cells. The miR-10a expression level was significantly
lower in the ESCC cell lines examined compared to non-
malignant esophageal squamous cells. In addition, miR-10a
was substantially lower in the ESCC cells compared to those
derived from esophageal adenocarcinoma, another significant
type of esophageal cancer (2). Nevertheless, miR-10a expres-
sion did not necessarily decrease when compared with the
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Figure 3. OE2l cells incubated with or without 5-aza-2'-deoxycytidine
(DAC, 1 or 5 umol/l) for 96 h, followed by treatment with 0.5 zmol/l trichos-
tatin A (TSA) or vehicle for an additional 24 h. Totai RNA was extracted and
subjected to the quantitative RT-PCR to measure cellular miR-10a expres-
sion levels. Treatment with 1 gmol/l of DAC restored the miR-10a expression
levels. TSA treatment did not affect miR-10a expression.

remaining human malignant cell lines. These data implicate
miR-10a in ESCC pathogenesis, and further functional
analyses may shed light on the diagnostic and therapeutic
potential of miR-10a against this malignant discase.
Down-regulation of miR-10a has been reported in chronic
myeloid leukemia (CML) (18). Among 157 miRs tested using
quantitative RT-PCR, miR-10a, along with miR-150 and
miR-151, was listed in the significantly down-regulated miRs
in CML cells compared to CD34-positive cells taken from
healthy controls (18). The clinical relevance of this finding was
shown in a group of 85 newly-diagnosed patients with CML
in which the expression of miR-10a was down-regulated in
71% of cases (18). On the other hand, previous studies showed
an overexpression of miR-10a in other cancers, including
hepatocellular, pancreatic and urothelial carcinomas and
acute myeloid leukemia (19-21). Based on the real-time PCR
analysis and using RNA-extracted, formalin-fixed, paraffin-
embedded, archival liver tissue, miR-10a expression levels
were significantly increased in hepatitis C virus-associated
hepatocarcinoma compared to normal liver parenchyma
(19). Northern blot analysis showed increased expression
levels of miR-10a in metastatic pancreatic adenocarcinoma
(20). Weiss et al explored the metastatic behavior of primary
pancreatic tumors and cancer cell lines in Xenotransplantation
experiments. These authors found that miR-10a expression
promoted metastasis of the tumor cells, and the repression of
this expression was sufficient to inhibit invasion and metas-
tasis formation (20). The regulatory actions of miR-10a were
mediated via its target inhibition of HOXB1 and HOXB3
expression (20), implying that miR-10a is a significant mediator
of tumor metastasis. In the clinical settings, the present study
showed a comparable down-regulation of miR-10a in HGIN
and non-invasive ESCC, whereas it was highly expressed in
the invasive ESCCs. The exact reasons for this discrepancy
remain unknown, but the abundance of miR-10a expression
may be involved in ESCC development and progression. There
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may be differential miR-10a expression in human cancers
including ESCC, which may affect cellular transformation,
carcinogenesis and aggressive behavior and act as an onco-
gene or tumor suppressor (1 1,13).

Transcriptional deregulation, epigenetic alterations, muta-
tions in miR sequences, DNA copy number abnormalities
and dysfunction in their biogenesis machinery may contribute
to the aberrant expression of miRs in human cancers (22),
though the underlying mechanisms remain unknown. Recent
evidence has shown that epigenetic changes, including DNA
methylation and histone modification, play important roles
in regulating expression of not only protein-coding genes but
also certain miRs (22.23). In the present study, treatment with
a demethylating agent restored miR-10a expression in OE21
cells. Han et al compared miR expression profiles between
human colon cancer cell line HCT 116 and its derivative,
DNA methyltransferase 1 and 3b double knockout (DKO)
cells, and found that the expression of approximately 10% of
miRs may be regulated by DNA methylation (23). Of note is
that miR-10a was the most strikingly up-regulated miR in the
DKO HCTI116 cells. Additionally, well-defined CpG islands
are located within 3 kb upstream of the miR-10a gene locus.
Bisulfite sequencing showed. that the majority of CpG sites
proximal to miR-10a were hypermethylated in the parent cell
line, while DNA methylation was largely absent in the DKO
cells (23). Thus, epigenetic regulatory mechanisms may be
involved in miR-10a expression, at least in certain human
cancer cells.

In conclusion, based on the comprehensive microarray
analysis, following quantitative confirmation with the
real-time RT-PCR procedure, miR-10a expression was
specifically down-regulated in ESCC cells. miR-10a expres-
sion was comparably low in HGIN and non-invasive ESCC
cells, whereas the expression levels increased in the invasive
phenotypes, suggesting unique regulatory mechanisms for the
differential expression of miR-10a. In this context, miR-10a
expression is likely to be regulated via DNA methylation in
the CpG islands proximal to its gene locus in certain ESCC
cells.
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Abstract

Backgrouﬁd Increases in tumor markers are sometimes
seen in patients with chronic liver disease without hepa-
tocellular carcinoma (HCC). The aim of this study was to
determine the relationship between the levels of three
tumor markers [alpha-fetoprotein (AFP), Lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3%), and des-y-
carboxy prothrombin (DCP)] and hepatic carcinogenesis to
identify hepatitis C virus (HCV) carriers at high risk for
cancer development.

Methods A total of 623 consecutive HCV carriers with
follow-up periods of >3 years were included. The average
integration values were calculated from biochemical tests,
and tumor markers, including AFP, AFP-L3%, and DCP,
and factors associated with the cumulative incidence of
HCC were analyzed.

Results HCC developed in 120 (19.3%) of the 623
patients. Age >65 years [adjusted relative risk, 2.303 (95%
confidence interval, 1.551-3.418), P < 0.001], low platelet
count [3.086 (1.997-4.768), P < 0.001], high aspartate
aminotransferase value [3.001 (1.373-6.562), P < 0.001],
high AFP level [>10, <20 ng/mL: 2.814 (1.686-4.697),
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P < 0.001; >20 ng/mL: 3.405 (2.087-5.557), P < 0.001]
compared to <10 ng/mL, and high AFP-L3% level [>5,
<10%: 2.494 (1.2914.816), P = 0.007; >10%: 3.555
(1.609-7.858), P < 0.001] compared to <5% were signif-
icantly associated with an increased incidence of HCC on
multivariate analysis.

Conclusions Increased AFP or AFP-L3% levels were
significantly associated with an increased incidence of
HCC. Among HCV carriers, patients with >10 ng/mL AFP
or patients with >5% AFP-L3% are at very high risk for
the development of HCC even if AFP is less than 20 ng/
mL or AFP-L3% is less than 10%, which are the most
commonly reported cutoff values.

Keywords Alpha-fetoprotein (AFP) - Lens culinaris
agglutinin-reactive fraction of AFP - Hepatic regeneration -
Necroinflammatory activity - Hepatocarcinogenesis

Introduction

Serum alpha-fetoprotein (AFP) is a widely used marker for
hepatocellular carcinoma (HCC) [1]. However, serum AFP
levels are increased in patients with liver diseases other
than HCC, including viral hepatitis [2—4], with a preva-
lence of 10-42% [2, 5-7]. Increases in AFP are a marker of
hepatic regeneration following hepatocyte destruction in
viral hepatitis [8]. However, the pathogenesis and clinical
significance of this phenomenon remain unclear.

The Lens culinaris agglutinin-reactive fraction of AFP
(AFP-L3%) and des-y-carboxy prothrombin (DCP) are also
markers for HCC [9-12]. Available data suggest that these
tumor markers are more highly specific for HCC than AFP
alone [9]. However, there are no reports examining the
prognostic value of these markers in hepatocarcinogenesis.
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Results of biochemical tests, including tumor markers,
can fluctuate for a given patient and can vary between
different patients, and repeated measurements over time
may provide a more accurate picture of disease develop-
ment or progression. The arithmetic mean value is often
used to assess biochemical parameters over time, but this
value can be greatly affected by the interval between
measurements such that a short period of very high values
can inappropriately skew the mean. We have previously
argued that the average integration value is more mean-
ingful than the arithmetic mean value for the purposes of
monitoring disease progression [13, 14].

The aim of this study was to determine the relationship
between three tumor markers (AFP, AFP-L3%, and DCP)
to better identify hepatitis C virus (HCV) carriers at high
sk for the development of HCC. Of note, we used the
average integration values of these parameters in our
analysis.

Patients, materials, and methods
Patient selection

A total of 1623 consecutive patients positive for anti-HCV
antibody visiting the Department of Gastroenterology at
Ogaki Municipal Hospital during the period January 1995
to December 1997 were considered for enrollment. The
present study cohort included the following criteria for
enrollment: (1) positive for anti-HCV antibody by second-

or third-generation enzyme-linked immunosorbent assay
and detectable HCV RNA for at least 6 months; (2) no
evidence of positivity for hepatitis B surface antigen; (3)
exclusion of other causes of chronic liver disease (i.e.,
alcohol consumption lower than 80 g/day, no history of
hepatotoxic drug use, and negative tests for autoimmune
hepatitis, primary biliary cirrhosis, hemochromatosis, and
Wilson’s disease); (4) follow-up period greater than
3 years; (5) measurement of AFP, AFP-L3%, and DCP at
least every 6 months; (6) no evidence of HCC for at least
3 years from the start of the observation periods; and (7)
interferon (IFN) therapy completed greater than 3 years
before the detection of HCC in patients who received IFN
therapy. A total of 623 patients fulfilled these criteria
(Fig. 1).

Fibrosis was histologically evaluated in 187 of the 623
patients and staged according to Desmet et al. [15] as
follows: FO, no fibrosis; F1, mild fibrosis; F2, moderate
fibrosis; F3, severe fibrosis; and F4, cirrhosis. The
remaining 436 patients were evaluated by ultrasound (US)
findings and biochemical tests. The diagnosis of cirrhosis
was made according to typical US findings, e.g., super-
ficial nodularity, a coarse parenchymal echo pattern, and
signs of portal hypertension (splenomegaly >120 mm,
dilated portal vein diameter >12 mm, patent collateral
veins, or ascites) [16-18]. In this study patients who did
not satisfy these criteria were classified as having chronic
hepatitis. Four hundred and sixty-three patients were
diagnosed with chronic hepatitis and 160 patients with
cirrhosis.

Fig. 1 Schematic flowchart of
enrolled patients. *Serum alpha-
fetoprotein (AFP), Lens
culinaris agglutinin-reactive
fraction of AFP (AFP-L3%}),
and des-y-carboxy prothrombin

1623 consecutive patients positive for
anti-hepatitis C virus antibody, no
evidence of hepatitis B virus infection,
and exclusion of other causes of
chronic liver disease (1995-1997)

(DCP). **Hepatocellular
carcinoma (HCC)

645 lost to follow-up

within 3 years

L 978 were followed up for >3 years

104 did not undergo monitoring of

tumor markers* at least every 6

months

874 underwent monitoring of
tumor markers*
months

at least every 6

168 showed confirmed HCC**

within 3 years of the start of

the observation period

706 had no evidence of HCC** »3
years from the start of the observation
period

83 completed interferon

therapy within 3 years of

the detection of HCC**

623 fulfilled the criteria. |
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