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This study was planned to investigate the fea-

o : . INTRODUCTION

sibility of nucleus accumbens-associated protein 1

(NAC1) for distinguishing oral malignancies from The differential diagnosis for oral lesions includes
non-malignancies. Subjects comprised 165 patients  a number of non-neoplastic conditions. When consid-
including 32 with lichen planus, 19 with hyperkera-  ering the differential diagnosis for oral lesions, the
tosis, 67 with epithelial dysplasia, 10 with carci-  squamous epithelium should be considered because
noma in situ, and 37 with oral squamous cell car-  most oral neoplasms originate in this tissue [1]. Le-

cinoma (OSCC). Normal oral mucosa (NOE) was  sions such as lichen planus, frictional keratosis, and
taken from 15 healthy participants. NAC1 labeling  tobacco pouch keratosis must be ruled out before a
indices (LIs) and NACI immunoreactivity intensity  clinical diagnosis of leukoplakia can be made. As
were examined. In OSCC, the correlation between with most white oral lesions, the color results from
clinical behavior and NAC1 expression was also  a thickened keratin layer or thickened spinous layer,
examined. NACI1 expression was stronger in NOE  which mask the normal vascularity (redness) of the

and OSCC, but weaker in other lesions. NAC1 LIs  underlying connective tissue [2]. Although leukopla-

correlated strongly with NAC1 immunoreactivity in-  kia is considered a premalignant lesion [3], use of
tensity. No correlation was observed between NACI this clinical term in no way suggests that the histo-
LIs/NAC! immunoreactivity intensity and tumor be-  pathologic features of epithelial dysplasia are pres-
havior such as lymph node involvement in OSCC.  ent in all lesions. In fact, dysplastic epithelium or

Though there were differences in NAC1 expression  frankly invasive carcinoma is found in only 5-25%
in various oral lesions, NACI is not a definitive  of leukoplakia biopsy specimens [4]. The precan-

marker for distinguishing oral malignancies from  cerous nature of leukoplakia has been established,

non-malignancies. but not so much on the basis of this association or

the fact that more than one-third of squamous cell
Key words: oral mucosa, lichen planus, hyperkerato-  carcinomas are associated with leukoplakia in close
sis, epithelial dysplasia, oral squamous cell carcino-  proximity. Therefore, leukoplakia is by far the most

ma, nucleus accumbens-associated protein 1 (NACI) common oral precancer, representing 85% of such
lesions [4].
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associated with a 0.4-0.6% rate of malignant trans-
formation to oral squamous cell carcinoma [7, 8].

Neoplasia can be defined as all focal prolifera-
tive lesions, benign tumors, primary cancers, and
metastases with the potential to affect a given cell
system [4]. Precursor states to invasive cancer are
proliferative lesions with atypical cells confined to a
single tissue component with a limited growth span
and only rare progression to cancer. Focal abnormal
cell proliferation results in areas of increased cell
numbers or areas of hyperplasia, whereas tissue hy-
pertrophy is growth that increases cell mass within
a tissue compartment. Hyperplasia may or may not
involve atypia, which denotes individual cells with
abnormal nuclear architecture.

Epithelial dysplasia, on the other hand, refers to
anomalous tissue organization. Dysplastic lesions are
typically confined to a single tissue compartment
and may progress to cancer, but do not always do
so. Regarding the severity of epithelial dysplasia,
mild epithelial dysplasia refers to alterations limited
principally to the basal and parabasal layers, where-
as moderate epithelial dysplasia shows involvement
from the basal to mid-portion of the spinous layer,
and severe epithelial dysplasia shows alteration from
the basal layer to a level above the midpoint of the
epithelium [2]. When the entire thickness of the
epithelium is involved, the term carcinoma in situ
is used. Carcinoma in situ is defined as dysplastic
epithelial cells extending from the basal layer to
the mucosal surface and showing an aspect of ma-
lignancy [2]. Carcinoma in situ and intraepithelial
neoplasia involve lesions with morphologic charac-
teristics of cancer, including atypical cells and dys-
plastic organization, but by definition are confined to
one tissue compartment with no penetration to ad-
jacent tissue compartments. In other words, they do
not show invasion through the basement membrane
[2, 4]. However, accurate diagnosis of such white
lesions is difficult in the clinical field [3], and even
with histopathologic specimens, precise diagnosis of
dysplasia from intraepithelial lesions is difficult [2].

Nucleus accumbens-associated protein 1 (NACI)
is a member of the Pox virus and Zinc finger/Bric-
a-brac Tramtrack Broad complex family of proteins
that mediates several cellular functions including
proliferation, apoptosis, transcription control, and

cell morphology maintenance [9, 10]. Furthermore,
NACI is reported to be significantly overexpressed
in several types of human carcinoma [11]. The
level of NAC1 expression correlates with tumor re-
currence in ovarian serous carcinomas, and intense
NACI immunohistochemistry in primary ovarian tu-
mors is an indicator of early recurrence [9, 11-15].
However, no NACI1 expression has been reported
in normal oral epithelium (NOE) or in oral lesions
such as premalignancies and malignancies.

This preliminary investigation is the first to study
NACI1 expression in oral lesions. We evaluated the
associations between NACI expression in NOE and
various lesions including lichen planus, hyperkeratosis,
carcinoma in situ, and oral squamous cell carcinoma
to verify whether NACI is a feasible marker for dis-

tinguishing oral malignancies from non-malignancies.

PATIENTS AND METHODS

Participants

Subjects comprised 165 patients (88 men, 77
women; mean age, 65.2 years; age range, 21-91
years), including 32 with lichen planus (12 men,
20 women; mean age, 59.1 years; age range, 21-
80 years; tongue, 2 cases; gingiva, 7 cases; buccal
mucosa, 18 cases; palate, 2 cases; lip, 2 cases), 19
with hyperkeratosis (12 men, 7 women; mean age,
62.4 years; age range, 41-91 years; tongue, 7 cases;
gingiva, 10 cases; palate, 2 cases), 67 with epithe-
lial dysplasia (29 men, 38 women; mean age, 68.4
years; age range, 39-91; tongue, 37 cases; gingiva,
18 cases; buccal mucosa, 8 cases; palate, 2 cases;
lip, 2 cases), 10 with carcinoma in situ (6 men,
4 women; mean age, 68.4 years; age range, 39-
91 years; tongue, 8 cases; gingiva, 2 cases), and
37 with oral squamous cell carcinoma (29 men,
8 women; mean age, 65.8 years; age range, 34-84
years; tongue, 17 cases; gingiva, 16 cases; buccal
mucosa, 3 cases; oral floor, 1 case) (Table 1). All
diagnoses were made at the Department of Oral and
Maxillofacial Surgery, Shimane University Hospital,
Japan from 1980 to January 2013. Detailed infor-
mation on the oral squamous cell carcinoma cases
including primary sites and cervical lymph node
involvement according to the TNM Atlas [16] is
shown in Table 2.
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NOE was taken from 15 healthy participants (7
men, § women; mean age, 61.9 years; age range,
49-77 years) with no symptoms or medical history
of any oral mucous disorder who provided consent
for their samples to be used as standard controls
(Table 1). All participants provided informed con-
sent to participate following approval of the study
protocol (March 26, 2012) by the Ethics Commit-

tee of Shimane University Hospital, Japan.

Tissue samples and NAC1 immunohistochemistry
All patients underwent preoperative biopsy at the
Department of Oral and Maxillofacial Surgery, Shi-
mane University Hospital. Biopsy specimens taken
from the margin of the lesion were fixed with 10%
neutral buffered formalin for 24 h, processed as

routine paraffin-embedded sections, stained with

hematoxylin and eosin, and analyzed by pathology
specialists of the Department of Pathology, Shimane
University Hospital who made a histopathological
diagnosis. Fifteen samples of NOE taken from nor-
mal gingiva were also processed as paraffin-embed-
ded sections.

After deparaffinization and rehydration, sections
were incubated for 30 min in 0.3% hydrogen per-
oxide in methanol to quench endogenous peroxidase
activity. Pretreatment consisted of autoclave antigen
retrieval in tablets of phosphate buffered salts (pH
7.4, TAKARA BIO Inc., Shiga, Japan). Ten tab-
lets of phosphate buffered salts were dissolved in
distilled water to make a total volume of 1,000 ml
(9.57 mM, pH 7.35-7.65). Sections for all immu-
nohistochemistry were sequentially incubated with
diluted 10% rabbit blocking serum to block nonspe-

Table 1. Nucleus accumbens-associated protein 1 (NAC1) labeling indices and NAC1

expression intensity in each type of lesion

NACT1 labeling

NAC1 immunoreactivity

index intensity
n (mean=*=SD) (mean=SD)
Normal oral epithelium 15 58.8+14.3 119.6 +10.7
Lichen planus 32 38.6+9.4 124.1+9.7
Hyperkeratosis 19 32.6+143 138.8 4.9
Epithelial Dysplasia
Mild 34 37.8 + 14.6* 134.8 £ 7.1%*
Moderate 20 24.7+15.0* 128.2 £ 10.9%*
Severe 13 26.7 £ 16.6* 133.4+£9.1%*
Total 31.7+16.1 132.5+9.1
Carcinoma in situ 10 58.1+15.2 120.8 £6.8
Oral squamous cell
carcinoma
Well 23 57.3+12.1 1182+7.0
Moderate 12 58.0 + 14.1 120.4+8.2
Poor 2 61.2+83 123.7+4.4
Total 57.7+123 119.2+73

Significant differences among mild, moderate, and severe dysplasia evaluated by

nucleus accumbens-associated protein 1

immunoreactivity intensity**

(NAC1)
(p<0.001, ANOVA).

labeling indices* / NACI
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cific reactions and treated with primary antibody.
After treating sections with streptavidin biotin re-
agent in a HISTOFINE SAB-PO (M) KIT (Nichirei,
Tokyo, Japan) using NAC1 mouse monoclonal anti-
body (diluted 1:1,000 overnight at 4°C) [17], they
were incubated in a substrate solution consisting of

0.05% diaminobenzidine tetrahydrochloride. Counter-
staining was done with Mayer’s hematoxylin for 30
s. Negative controls for immunohistochemistry were
incubated with phosphate buffered saline instead of
the primary antibodies and showed no positive reac-

tion.

Table 2. Cervical lymph node involvement in oral squamous cell carcinoma

NAC1 immunoreactivity

NACT1 labeling index intensity
n (mean =SD) (mean=SD)
Tumor site
Tongue 17 56.5+13.6 117.4+6.6
Gingiva 16 57.6+11.6 121.6 £8.2
Buccal mucosa 3 62.8 +14.3 117.5+5.4
Mouth floor 1 64.3 116.1
pN
0 17 58.6+14.2 117.8+9.0
1 8 57.5+9.6 119.8+5.4
2b 12 56.6+12.3 120.8 +5.8
57.0+11.0 1204 +5.5
No of pN
0 17 58.6£14.2 117.8£9.0
1 9 582492 119.9+£5.0
2 4 539+15.9 122.6 £7.8
3 4 54.5+14.9 118.6 £5.2
4 3 60.5+6.2 121.4+£6.0
Level
pNO 17 58.6+14.2 117.8+9.0
I 13 582+11.5 120.9 + 6.0
111 3 588+7.5 116.7+0.6
II-+I1T 2 529+1.3 121.7+9.0
[+1v 2 50.1+22.7 121.8+3.1

No significant differences were seen in the NAC1 LIs and immunoreactivity intensity

between the tongue, gingiva, buccal mucosa, and oral floor. No significant correlations

were seen between the NAC1 LIs or NAC1 immunoreactivity intensity and pathologic

N stage, number of metastatic lymph nodes, or level of metastases of cervical lymph

node involvement.
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NACI labeling indices

All sections were examined by the first author un-
der a standard light microscope (x40 objective lens),
and images were captured with an attached digital
camera to estimate the number of NACI-positive
cells. The structure of the basal cell layers was pre-
served in cases of NOE, lichen planus, hyperkerato-
sis, epithelial dysplasia, and carcinoma in situ, and
the cells from the basal to the keratinized layers in
the field of view constituted the bottom-most 20 bas-
al cells, which were counted in at least 10 sites per
case to obtain the average NACI LI (labelled cells
/ total cells counted x 100%) (Fig. 1A). In cases
of oral squamous cell carcinoma, at least 100 cells
including NACl1-positive and -negative cells were
counted at the invasive front of the lesion (Fig. 1B).

Because they didn’t show the clear basal cell layers.

NACI immunoreactivity intensity

The nuclear margins of NACI-positive cells (at
least 100 cells) were correctly delineated under
high-magnification view (x40 objective lens) using
a standard light microscope to ensure the quality of
the measurement. NAC1 immunoreactivity intensity
was then evaluated in Image J v1.47 (National In-
stitute of Health, Bethesda, MD) by analyzing the
brightness of each pixel in RGB images (Fig. 1C),
with high values indicating weak intensity and low

values indicating strong intensity.

Correlation between NACI labeling indices / NACI
immunoreactivity and cervical lymph node metasta-
ses in oral squamous cell carcinoma

Thirty-seven patients with oral squamous cell
carcinoma had undergone tumorectomy as well as
supraomohyoid or radical neck dissection. All dis-
sected lymph nodes were examined to determine the
pathologic N classification (pN) and the number of
involved metastatic lymph nodes. Cervical lymph
node level was determined based on the cervical
lymph node metastatic guide [16].

STATISTICAL ANALYSIS

The results were analyzed using R. app GUI 1.64
for Mac OS (R Foundation for Statistical Comput-
ing, Vienna, Austria). NAC1 Lls and the immunore-

activity intensity were compared among NOE, lichen
planus, hyperkeratosis, epithelial dysplasia and oral
squamous cell carcinoma using the Kruskal-Wallis
test or ANOVA.

Regarding the clinical features of oral squamous
cell carcinoma, significant differences between primary
sites as well as lymph node metastases (pN, number
of metastatic lymph nodes and level of involvement)
and NACI1 LIs / NACI! immunoreactivity intensity
were determined using the ANOVA for continuous
variables. A p value <0.01 was considered significant.
Statistical analysis using ANOVA or Kruskal-Wallis
test was indicated following Bartlett’s test.

RESULTS

NACI expression

In NOE and carcinoma in situ, NACI-positive
cells were strongly expressed in the basal cell lay-
ers, and uniformly distributed in all epithelial lay-
ers. In epithelial dysplasia, heperkeratosis and lichen
planus, NACI1-positive cells were distributed mainly
from the basal cell to spinous layers, and were also
found in the proliferating area of oral squamous cell

carcinoma (Fig. 2).

NACI labeling indices

Figure 3A shows the significant differences among
NOE, lichen planus, hyperkeratosis, epithelial dyspla-
sia and oral squamous cell carcinoma in NAC1 LlIs
(p<0.001, Kruskal-Wallis test). Detailed information
of NACI1 LlIs are shown in Table 1. Significant dif-
ferences were observed among upon detailed grading
of oral ED by WHO classification and the differen-
tiation of OSCC, and other lesions including NOE
in NAC1 LIs (p<0.001, ANOVA, Fig. 3B).

As shown in Table 1, significant differences were
seen in NAC1 LIs among mild, moderate, and se-
vere dysplasia (p<0.001, ANOVA). However, no
significant differences were seen between each his-
tological type of NACI1 LIs from the viewpoint of
squamous cell carcinoma differentiation (p=0.91,
ANOVA).

NACI immunoreactivity intensity
The pixel count was 119.6 + 10.7 for NOE,
119.2 £ 7.3 for oral squamous cell carcinoma, 132.5
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Fig. 3A. Summary of NACI LlIs in various oral lesions
There were significant differences among NOE, lichen planus, hyperkeratosis, and oral squamous cell
carcinoma in NACI LIs (p<0.001, Kruskal-Wallis test). The mean of Epithelia dysplasia showed the
lowest LIs (see Table 1). NOE: normal oral epithelium
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Fig. 3B. Comparison of NAC1 LIs in normal oral mucosa, epithelial dysplasia, carcinoma in situ, and
oral squamous cell carcinoma by histological severity and tumor differentiation

There were significant differences among mild, moderate and severe dysplasia in NAC1 Lls.
NACI LlIs of carcinoma in situ and well-, moderately, and poorly differentiated oral squamous cell
carcinoma were higher than those of dysplasia cases, with poorly differentiated oral squamous cell
carcinoma showing the highest LIs (p<0.001, ANOVA). NOE: normal oral epithelium, Well diff.:
well differentiated, Moderate diff.: moderately differentiated, Poorly diff.: poorly differentiated
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+ 9.1 for epithelial dysplasia, 124.1 £ 9.7 for lichen
planus, and 138.8 + 4.9 for hyperkeratosis (Fig. 4A,
Table 1). Significant differences were seen among
each type of lesion, including NOE in NAC1 immu-
noreactivity intensity (p<0.001, Kruskal-Wallis test,
Fig. 4B).

As shown in Table 1, significant differences were
seen in the pixel count for mild, moderate, and se-
vere dysplasia (p<0.001, ANOVA). However, regard-
ing the pixel count from the viewpoint of squamous
cell cacinoma differentiation, no significant differences
were seen between each of them (p=0.48, ANOVA).

Correlation between NACI LIs / NACI immuno-
reactivity intensity and primary sites of oral squa-
mous cell carcinoma

No significant differences were seen in NACI Lls
(p=0.73, ANOVA) and immunoreactivity intensity
(p=0.24, ANOVA) between the tongue, gingiva,
buccal mucosa, and oral floor.

Correlation between NAC1 LIs / NACI immunore-
activity intensity and cervical lymph node involve-
ment in oral squamous cell carcinoma

The correlations between NAC1 LIs / NACI1 im-
munoreactivity intensity and pathologic N stage are
shown in Table 2. No significant correlations were
seen between NACI LIs and NACI! immunoreac-
tivity intensity and pathologic N stage (LI, 0.91;
intensity, 0.53; ANOVA), number of metastatic
lymph nodes (LI, 0.93; intensity, 0.78; ANOVA) or
in the level of metastases with cervical lymph node
involvement (LI, 0.71; intensity, 0.79; ANOVA).

DISCUSSION

In this study, expression of NACI in various oral
lesions was evaluated by measuring NAC1 Lls and
NAC1 immunoreactivity intensity, which revealed
some striking features. NAC1 LIs were almost the
same in NOE and oral squamous cell carcinoma,
but lower in epithelial dysplasia. NACI immunore-
activity intensity was lower in NOE and oral squa-
mous cell carcinoma than in epithelial dysplasia.
On the other hand, lichen planus and hyperkeratosis
showed lower NAC1 LIs compared with NOE and
oral squamous cell carcinoma, but higher NAC1 LlIs

than in epithelial dysplasia. However, as intensity
was analyzed on RGB images, the lower NACI
immunoreactivity intensity inversely indicated high
expression of NACI. Namely, this study revealed
that NAC1 LIs correlated closely with NACI1 im-
munoreactivity intensity in NOE and various oral
lesions and that NAC1 expression in NOE and oral
squamous cell carcinoma was notably higher than
in lichen planus, hyperkeratosis, and epithelial dys-
plasia, both quantitatively and qualitatively. To our
knowledge, this is the first investigation on NACI
expression in oral lesions.

Our results revealed that NAC1 expression in
NOE was as high as that in malignant tissue. NACI
expression, however, is reported to be undetectable
or very weak in normal ovarian surface epithelium
[11], while no expression of NAC1 protein has been
noted in normal cervical tissue or cervical intraepi-
thelial neoplasia [14]. On the other hand, NACI1 is
overexpressed in the normal endometrium during the
early and mid-proliferative phases as it is essential
for growth and survival in the normal endometrium
[18]. As NACI is considered to have oncogenic po-
tential [13], NAC1 expression is upregulated by es-
tradiol and involved in estradiol-induced cell growth
in endometrial cells from the viewpoint of estrogen-
induced endometrium carcinogenesis [18].

Regarding NOE, the epithelium of the gingiva,
oral floor, buccal mucosa, and palate derives from
the embryonic ectoderm, whereas that of the tongue
is derived from both the endoderm and ectoderm
[19]. Histologically, the oral mucosa is stratified,
but consists of basal, spinous, intermediate, and
superficial cell layers, and epithelial undulations,
known as rete pegs, can be seen protruding down-
wards into the lamina propria [20]. Cell division
in all oral epithelial cells takes place solely in the
basal cell layer. After dividing, the committed cells,
similar to epidermal keratinocytes, undergo a differ-
entiation process leading to expression of structural
keratin proteins and loss of intracellular organelles
as cells move superficially, begin to flatten, and are
eventually sloughed off the surface [19, 21-23].

NACI has recently been identified as an important
transcriptional regulator as part of an extended regu-
latory network necessary for preserving the pluripo-
tent state of embryonic stem cells [24, 25]. NACI1
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Fig. 4A. Summary of NAC1 immunoreactivity intensity in various oral lesions
NAC1 immunoreactivity intensity was strongest for hyperkeratosis (p<0.001, Kruskal-Wallis test).
NOE: normal oral epithelium

pixel
250
230
210
190 -
170

150 % * * * * .
wE TTTE4a4
Y, 4, %,

Strong <« Intensity — Weak

90 - ; ; : ,
4. N\ @ 4. 2
Q 7 o
%, % C o % %,
% & <%, 2 @ ) <,
% 2, 2y, 9 G )
% %,
e‘% ] %,
Epithelial dysplasia Oral squamous cell carcinoma

Fig. 4B. Comparison of NAC1 immunoreactivity intensity of normal oral mucosa, epithelial dysplasia,
carcinoma in situ, and oral squamous cell carcinoma by histological severity and tumor differentiation
Severe dysplasia showed the strongest intensity. Significant differences were seen between NAC1
immunoreactivity intensity and each histological type, including NOE (p<0.001, ANOVA). NOE:
normal oral epithelium, Well diff.: well differentiated, Moderate diff.: moderately differentiated,
Poorly diff.: poorly differentiated
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is a primary Nanog-interacting protein that is part of
the protein regulatory complex responsible for main-
taining pluripotency [25]. NAC1 has been shown
to regulate transcription of the transcription factors,
Nanog, Oct4, and Sox2, which are essential for the
development and maintenance of the pluripotent state
of embryonic stem cells [24]. Though little work
has been done to identify oral epithelial stem cells
compared with other tissue systems [20], a Sox2-
Cre-ER; Rosa26-LSL-EYFP mouse model showed
that Sox2 is expressed by basal layer stem cells for
at least 10 months after labeling in the dorsum of
the tongue [26]. Cre-ER mouse constructs are cur-
rently available for several genes shown to mark
stem cell populations in other epithelial tissues [20].
When considering the strong expression of NACI in
NOE, Sox2 was thought to play an important role
in downregulating the epithelial cells derived from
the ectoderm, while NAC1 likely participated in
transcriptional regulation of Sox2 in the maintenance
of cell pluripotency.

In our study, NAC1 expression was also stronger
in malignant tissues including carcinoma in situ,
which can be expected since oral squamous cell car-
cinoma has a high potential for both invasion and
cervical lymph nodes metastasis [27]. This finding
is reasonable, as NAC1 was reported to be overex-
pressed in cervical squamous cell carcinoma with
gene amplification [14, 15], and NACI1 expression
was also more common in cervical adenocarcino-
mas/adenosquamous carcinomas, as well as in serous
ovarian carcinoma, which are the most aggressive
types of carcinoma [13, 15]. Overexpression of
NACI is seen in several types of human carcinomas
arising from not only the ovary, cervix, and endome-
trium, but also the breast and colon [11, 14, 17, 28].

Generally, dysplastic changes in the oral intraepi-
thelial cells are associated with transformation from
normal to malignant tissue [29]. The more dysplas-
tic the epithelium becomes, the more the atypical
epithelial changes extend to involve the entire thick-
ness of the epithelium. van Zyl et al [30] showed
that anecuploidy peaks in cases of mild dysplasia
were predominantly in a peri-diploid position while
the mean DNA index values gradually increased in
line with the severity of oral epithelial dysplasia.
The histopathologic alterations of dysplastic epithe-

lial cells are very similar to those of oral squamous
cell carcinoma [2]. Our results showed weaker
NACI expression in epithelial dysplasia than in oral
squamous cell carcinoma, which is reasonable, as
NACI is a driver gene with significant cell growth
and survival effects in ovarian carcinomas [10].

First, we hypothesized that NACI expression in
malignancies is stronger than in non-malignancies.
However, our results showed very weak expression
in epithelial dysplasia compared with NOE. Dost et
al [31] concluded that the severity of oral epithelial
dysplasia is not associated with a risk of malignant
transformation. Although no studies have assessed
the correlation between grading of epithelial dys-
plasia and NACI1 expression in other fields, and as
there are few detailed studies on the mechanism of
cell differentiation in oral epithelium [32, 33], our
results suggest that oral epithelial dysplasia is an in-
dependent lesion from malignancies. More investiga-
tion is necessary to reveal the mechanism of weak
NACI expression in epithelial dysplasia.

NACI1 is known to play important roles in the
proliferation and growth of tumor cells and in che-
motherapy in the field of gynecology [34, 35].
Furthermore, NAC1 expression is a prognostic factor
for patients with cervical squamous cell carcinoma
treated by conventional radiotherapy [14, 15]. Some
clinical investigations have reported the relationship
between overexpression of NAC1 and the clini-
cal behavior of malignancies and patient prognosis
[9, 11-13]. Ovarian carcinomas overexpressing
NAC!1 are more dependent on activation of cell
proliferation and survival than those without such
overexpression [13]. However, in pancreatic ductal
adenocarcinoma, poor prognosis is associated with
low expression of NAC1 [36]. In the present study,
we found no significant associations between NACI
expression and cervical lymph node involvement
in oral squamous cell carcinoma. The difference
between NAC1 expression and clinical behavior in
various carcinomas would be speculated to depend
on the difference in carcinogenesis. Further study
would be needed to elucidate the relationship be-
tween NACI1 expression and the clinical behavior of
oral squamous cell carcinoma.

In summary, though there were differences in
NACI1 expression in various oral lesions, NACI is
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not a definitive marker for distinguishing oral malig-

nancies from non-malignancies.
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