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In vitro and in vivo expression of aldehyde dehydrogenase 1
in oral squamous cell carcinoma
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Abstract. Aldehyde dehydrogenase isoform 1 (ALDHI) is
a useful marker of cancer-initiating cells (CICs) in various
organs. In this study, we investigated whether alterations in
ALDHI1 immunostaining and enzymatic activity in tumor
cell populations predicted clinicopathological factors of
prognostic importance for cancer progression and contributed
to the characteristics of CICs in cisplatin-treated oral squa-
mous cell cancer (OSCC) cells. We evaluated the association
between the proportion of ALDHI1-positive tumor cells and
the clinicopathological features in 90 patients with OSCC.
We also examined ALDHI1 enzymatic activity, ABCG2
expression, invasive capacity and the ability to self-renew in
OSCC cells treated with or without cisplatin. The clinico-
pathological results showed that elevated ALDHI1 expression
correlated with local recurrence. In in vitro experiments, the
percentage of cells exhibiting ALDHI1 enzymatic activity
significantly increased among cisplatin-surviving cells
(CiSCs) according to flow cytometry. Furthermore, CiSCs
demonstrated upregulated expression of ABCG2, their inva-
sive capacity increased, and their ability to generate cancer
spheres was enhanced. An increased population of cells
exhibiting ALDH1 immunostaining is a predictive marker of
local recurrence. ALDHI1 expression and activity contributes
to the characteristics of CICs in OSCC.

Introduction

Most tumors consist of heterogeneous cell populations,
with varying capacities for proliferation and tumor forma-
tion in immune-deficient mice, even when derived from a
single clone. Recently, cancer stem cells, or cancer-initiating
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cells (CICs), were defined as a small population among tumor
cells possessing the ability to self-renew and generate hetero-
geneous lineages that comprise the tumor (1,2). Numerous
investigations have demonstrated that CICs exist in a variety
of human tumors, including hematopoietic malignancies, brain
tumors, breast cancer, gastroenterological cancer and head and
neck cancer (3-7).

Oral squamous cell carcinoma (OSCC) is the most
common malignancy of the maxillofacial region, accounting
for nearly 3% of all cancer cases worldwide (8). Advances
in therapy have improved quality of life, but survival rates
have remained unchanged over the past decades. Mortality
caused by OSCC remains high because of the development of
distant metastases and the emergence of local and systemic
recurrences resistant to chemo- and radiotherapy. Local
recurrence is a particularly powerful prognostic indicators
following curative resection, because OSCC recurs with a
frequency of 25-48% (9). It is therefore essential to gain a
deeper understanding of the biology of this disease to develop
more effective therapeutic approaches.

The aldehyde dehydrogenases (ALDH) are a family of
ubiquitous enzymes that catalyze the irreversible oxidation
of aldehydes to their corresponding carboxylic acids (10).
Among the 17 ALDH isoforms, aldehyde dehydrogenases 1
(ALDH1) oxidizes retinol to retinoic acid in the early
stages of stem cell differentiation and exhibits a high level
of activity in hematopoietic and neural stem cells (11,12).
Growing evidence suggests that elevated ALDHI activity can
define cancer stem cell populations in many cancer types,
including human multiple myeloma, acute myeloid leukemia
and cancers of the brain, lung, pancreas and breast (11,13-15).
Therefore, ALDHI1 activity could act as a common marker
for both normal and malignant stem cell populations (16).
Furthermore, recent studies have demonstrated that ALDH1
expression is a predictor of poor clinical outcome in several
types of malignant tumors (11,17-19).

We hypothesized that the level of ALDHI enzymatic
activity and expression correlates with the biologic character-
istics of OSCC, including clinicopathological significance and
antitumor drug resistance. We aimed to investigate whether
alterations in the population of tumor cells exhibiting ALDH1
immunostaining predicted clinicopathological features of
prognostic importance for cancer progression and whether
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ALDHI expression and enzymatic activity contributed to the
characteristics of CICs in cisplatin-treated OSCC. Our results
suggest that increased cell populations exhibiting ALDH1
activity and expression may be responsible for refractory
events during OSCC.

Materials and methods

Ethics. During initial diagnosis, all patients provided written
consent for their tumor samples to be used for investigational
purposes. Approval from the Internal Review and the Ethics
Boards of the Fukuoka Dental College General Hospital
(Fukuoka, Japan) was obtained for this study. Data were
anonymously analyzed.

Patients and tumor specimens. Surgical specimens of primary
OSCC were obtained from 90 patients attending the Fukuoka
Dental College Hospital between January, 2005 and January,
2010. The study population consisted of 51 men and 39 women
[age range, 45-88 (median, 71.5) years]. Clinical disease stage
was determined based on the findings of a preoperative diag-
nostic examination. Brief clinical findings of the 90 patients
are summarized in Table I. Resected specimens obtained
from patients who had not undergone preoperative chemo-
and radiotherapy were fixed in 10% formalin and processed
for paraffin embedding. Histological sections, 4-um thick,
were used for hematoxylin and eosin and immunoperoxidase
staining.

Immunohistochemistry on tissue sections of OSCC.
Immunohistochemistry was performed using the Histofine®
Simple stain kit accoring to the manufacturer's protocol
(Nichirei Corp., Tokyo, Japan). ALDHI antibody (1:250;
BD Biosciences, San Jose, CA, USA) was incubated overnight
at 4°C. As a negative control, staining was performed without
a primary antibody. The immunoreaction was visualized with
3,3'-diaminobenzidine. Immunohistochemical staining for
ALDHI was analyzed by two oral pathologists (K.T. and J.O.).
Staining was scored according to cytoplasmic staining and
evaluated by the criteria of Chang et al (18). Patients with <5%
ALDHI1-positive cells were given a score of 0; those with 5-20%
were given a score of 1; those with 20-50% were given a score
of 2; and those with >50% were given a score of 3. For statistical
analysis, we divided patients into two groups: low expression
(with scores of 0 or 1) and high expression (with scores of 2 or 3).

Cell line and culture. The OSCC cell line, HSC-3, was obtained
from the Japanese Collection of Research Bioresources Cell
Bank (Osaka, Japan). HSC-3 cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; Wako, Tokyo, Japan)
containing 10% (v/v) fetal bovine serum (FBS; Invitrogen,
Carlsbad, CA, USA) at 37°C with 5% CO,. The medium was
changed daily. When 85% of the cells adhered, the medium
was replaced and the cells were cultured for 48 h. When cells
reached 95% confluence in the exponential growth phase, they
were used for subsequent experiments.

Induction of cisplatin surviving HSC-3 cells. Cisplatin [cis-
diammineplatinum (II) dichloride, 0.1-50 xM; Sigma-Aldrich,
St. Louis, MO, USA) was added to the culture medium and
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Table I. Brief summary of 90 patients with OSCC.

Characteristics n
Age, years

<60 24
=60 66
Gender

Male 51
Female 39
Site

Tongue 24
Gingiva 42
Others 24
Tumor size

<4 cm 35
>4 cm 55
Pathologic T classification

T1 13
T2 44
T3 14
T4 21
Pathologic N classification

NO 71
N1 19
Pathologic stage (pTNM)

I 13
I 36
I 14
v 27
Recurrence

Negative 73
Positive 17

HSC-3 cells were cultured for 24 h. The culture media were
removed along with unattached cells and the cells were cultured
in the same medium with cisplatin for 72 h. Cisplatin-surviving
cells (CiSCs) were derived from original parental cells (PTCs)
by continuous exposure to cisplatin.

Cell proliferation assay. HSC-3 cells were seeded in 96-well
plates with 100 ul medium at a density of 1x10* and incubated
at 37°C overnight to allow the adherent cells to attach to the
wells. The cultured cells were then incubated with cisplatin
(0.1-50 pM) for 72 h. Next, 10 ul cell counting kit-8 solution
(CCK-8; Dojindo Laboratories, Kumamoto, Japan) was added
to each well and the cultured cells were incubated at 37°C for
4 h. Optical density was measured at 480 nm.

Immunocytochemistry. Cells were harvested from cell
lines, resuspended in medium, and cultured on coverslips
for 48 h. HSC-3 cells were fixed with 4% paraformaldehyde
in phosphate-buffered saline (PBS) and permeabilized
by incubation with 0.2% Triton X-100 in PBS for 15 min.
Anti-mouse immunoglobulin G conjugated with Alexa Fluor®
488 (1:200; Molecular Probes, Eugene, OR, USA) was over-
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Figure 1. Immunoreactivity patterns of aldehyde dehydrogenase isoform 1 (ALDHI) in normal-like oral mucosa and oral squamous cell carcinomas (OSCC).
(A) ALDHI1-negative staining in normal-like oral mucosa. (B) OSCC cells (=20%) show focal cytoplasmic staining for ALDHI1. (C) Diffuse positive staining (>20%)

for ALDHI in tumor nests. Scale bars, 50 ym.

laid on cells, followed by preincubation with anti-ALDH1
antibody (1:250). Immunostained cells were then counter-
stained with 4,6-diamidino-2-phenylindole (DAPI; Vector
Laboratories Inc., Burlingame, CA, USA).

Aldefluor™ assay. ALDHI enzymatic activity was detected
using the Aldefluor™ kit (Stem Cell Technologies Inc.,
Vancouver, Canada), according to the manufacturer's instruc-
tions. In brief, cells (1x10° cells/ml) were harvested from
PTCs and CiSCs cell lines and resuspended in Aldefluor
assay buffer containing ALDHI1 substrate and boron-
dipyrromethene (BODIPY)-aminoacetaldehyde (BAAA)
and incubated for 40 min at 37°C. BAAA taken up by living
HSC-3 cells was converted by intracellular ALDHI into
BODIPY-aminoacetate, causing the cells to bright fluo-
rescence. As a negative control, cells were stained under
identical conditions with a specific ALDH inhibitor, 4-dieth-
ylaminobenzaldehyde (DEAB). Fluorescent ALDHI1-positive
cells were detected in the green fluorescent channel of a
fluorescent microscope or FACSCalibur™ flow cytometer
(BD Biosciences). For fluorescent microscopic observation,
cell nuclei were stained with DAPI.

Western blot analysis. Total protein was extracted from PTCs
and CiSCs using ice-cold cell lysis buffer (20 mM Tris-HCl,
pH 7.5; 150 mM NaCl; 1 mM ethylenediaminetetraacetic
acid (EDTA); 1 mM Na, EDTA; 1 mM ethylene glycol
tetraacetic acid; 1% (v/v) Triton X-100; 2.5 mM sodium pyro-
phosphate; 1 mM f-glycerophosphate; 1 mM Na,;VO,; and
1 ug/ml leupeptin and phenylmethyl sulfonyl fluoride). Equal
amounts of protein (20 ug) were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE;
12% separating gel). After electrophoresis, proteins were
transferred to polyvinylidene difluoride membranes
(Bio-Rad Laboratories, Tokyo, Japan). The blots were blocked
in 1% casein in Tris-buffered saline (TBS) containing
0.1% Tween-20 (TBS-T) for 1 h at room temperature and
then incubated with primary antibodies overnight at 4°C.
Primary antibodies against ALDHI1 (described earlier),
ABCG2 (Sigma-Aldrich), and (-actin (Sigma-Aldrich) were
used. Membranes were washed in TBS-T and incubated with
secondary horseradish peroxidase-labeled antibodies for 1 h at
room temperature. Bound antibody complexes were detected
by enhanced chemiluminescence (Bio-Rad Laboratories).

Matrigel™ invasion assay. Tumor cell invasion into Matrigel™
was examined using BioCoat™ Matrigel invasion chambers
(BD Biosciences) according to the manufacturer's protocol. In
brief, PTCs or CiSCs were seeded in DMEM without FBS in
the upper chamber and cultured for 24 h. The lower chamber
contained DMEM and 10% FBS. Invading cells were stained
using a Diff-Quik Staining kit (Siemens, Munich, Germany). The
number of invading cells was counted in four microscopic fields
per well at a x20 magnification and the extent of invasion was
expressed as the average number of cells per square millimeter.

Cancer sphere formation assay. Single CiSC and PTC
cells were plated at 1x10° cells/100 pl on a low-cell binding
culture plate (96-well; Thermo Fisher Scientific, Tokyo,
Japan) in serum-free DMEM/F12 supplemented with B27
(Life Technologies, Tokyo, Japan), 20 ng/ml epidermal
growth factor (BD Biosciences), 0.4% bovine serum albumin
(Sigma-Aldrich) and 4 pg/ml insulin (Sigma-Aldrich). Sphere
formation was assessed 24 h after seeding the cells and the
size of the sphere was analyzed.

Statistical analysis. Statistical analyses were performed using
StatView software (SAS Institute Inc., Cary, NC, USA). The
y* and Fisher's exact probability tests were used to analyze the
correlation between ALDHI1 expression and clinicopathological
factors in OSCC. Statistical analyses of invasion and cancer
sphere formation assays were performed with the two-tailed
Student's t-test. Data are presented as the mean + standard error
and p-value <0.05 was considered statistically significant.

Results

ALDHI] expression and localization in tissue sections obtained
from patients with OSCC. Normal-like oral mucosa showed no
staining for anti-ALDH1 antibody (Fig. 1A). In tissue sections
from patients with OSCC, diffuse, moderate-intensity cyto-
plasmic staining for anti-ALDHI antibody was observed in a
proportion of the tumor cells. ALDHI1 expression in epithelial
cancer cells was scored and subjected to statistical analysis.
The percentage of positive cancer cells varied from <5% to
>50% in the population studied (Fig. 1B and C).

ALDHI expression correlates with recurrence in patients
with OSCC. Results of immunostaining for ALDH1 in OSCC
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Table II. Clinicopathological correlation of ALDHI expression
in OSSC.

No. of patients

Low High
Factors expression expression P-value
Age, years 0.464
<60 13 11
>60 30 36
Gender 0.876
Male 24 27
Female 19 20
Site 0.392
Tongue 11 13
Gingiva 23 19
Others 9 15
Tumor size 0.239
<4 cm 29 26
>4 cm 14 21
Pathologic T 0.574
classification
T1 8 5
T2 21 21
T3 6 8
T4 8 13
Pathologic N 0.577
classification
NO 35 36
N+ 8 11
Pathologic 0.694
stage (pTNM)
I 7
1I 14 11
III 6 8
v 17 23
Recurrence 0.006
Negative 40 33
Positive 3 14

specimens organized according to the clinicopathological
characteristics of patients are shown in Table II. No ALDHI1
was expressed (score, 0) in 7 patients (7.8%); 1-5% of cells
expressed ALDHI in 20 patients (22.8%; score, 0); 6-20%
of cells expressed ALDHI1 in 16 patients (17.8%; score, 1);
21-50% of cells expressed ALDHI1 in 37 patients (41.1%;
score, 2); and >50% of cells expressed ALDHI in 10 patients
(11.1%; score, 3). No correlation existed between a high level
of expression of ALDHI1 (>20% of cells) and age (p=0.464),
gender (p=0.876), tumor location (p=0.392), tumor size
(p=0.239), T classification (p=0.574), nodal status (p=0.577)
or pTNM score (p=0.694). Conversely, a positive correlation
existed between a high level of expression of ALDHI (>20%
of cells) and local recurrence (p=0.006).
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ALDHI] expression in an OSCC cell line. Overexpression of
ALDHI has been reported in some cancers (13,17,20). We
undertook immunocytochemical and enzyme-histochemical
detection of ALDHI1 in the OSCC cell line HSC-3. During
immunocytochemical analysis, a few HSC-3 cells were
stained with anti-ALDHI1 antibody (Fig. 2A). Similarly, in the
enzyme-histochemical analysis, ALDHI1 enzymatic activity
was detected in a small population of HSC-3 cells using fluo-
rescence microscopy (Fig. 2B). Consistent with this finding,
we identified 0.62% of HSC-3 cells exhibiting ALDHI enzy-
matic activity using the flow cytometry (Fig. 2C).

Effects of cisplatin on ALDHI activity and expression in
HSC-3 cells. As cisplatin is commonly used to treat malig-
nant tumors, we examined the effect of ALDHI1 on the
resistance of HSC-3 cells to cisplatin. The effect of cisplatin
on HSC-3 cell proliferation was then examined using the
CCK-8 assay. As shown in Fig. 3A, treatment of HSC-3 cells
with 0.1 or 1 uM cisplatin for 72 h did not affect cell prolif-
eration, whereas treatment with >5 uM caused a decrease in
cell proliferation. This suggests that cisplatin decreases cell
proliferation in a dose-dependent manner (Fig. 3A). Because
treatment with 10 yM cisplatin yielded a decrease in cell
proliferation of approximately 50%, we used 10 yM cisplatin
for 72 h in HSC-3-derived CiSCs for further experiments.
The percentage of HSC-3 cells exhibiting ALDHI1 enzymatic
activity was examined by flow cytometry to determine the
effect of cisplatin treatment. A higher percentage of cells
exhibiting ALDH]1 activity was found among CiSCs (14.8%)
compared with cells treated with 1 uM (1.81%) or 5 uM
(7.10%) cisplatin (Fig. 3B). The percentage of ALDHI activity
in CiSCs was 24-fold higher than that in PTCs, indicating
that a population of CiSCs shifts to become ALDH]1-rich. We
next examined protein expression of ALDHI1 and ABCG2, an
ATF-binding cassette (ABC) transporter (21), in CiSCs and
PTCs using western blot analysis. As shown in Fig. 3C, both
ALDHI1 and ABCG2 accumulation was markedly increased
in CiSCs. In contrast, expression of both proteins was nega-
tive or low in PTCs. These results suggest that an ALDH1-rich
population of CiSCs retains a certain amount of both ALDH1
and ABCG2 proteins.

Invasive ability of CiSCs. Flow cytometric analysis of CiSCs
and PTCs revealed differences between populations of cells
exhibiting ALDHI1 enzymatic activity, suggesting potential
differences in their characteristics. To test this hypothesis,
we examined the invasive ability of CiSCs compared with
that of PTCs using Matrigel invasion assay. The number of
invading cells was higher among CiSCs (134+12.1) than PTCs
(54+23.4) at 24 h, indicating that CiSCs possess enhanced
invasive capability relative to PTCs (Fig. 4).

Cancer sphere formation in CiSCs. The abilities to self-renew
and generate differentiated progeny are fundamental proper-
ties of CICs. Cancer sphere generation is an in vitro assay
of self-renewal potential (7). We assessed the self-renewal
properties of CiSCs by their ability to form tumor spheres
when cultured in serum-free medium under non-adherent
conditions. Both CiSCs and PTCs generated cancer spheres
24 h after cells were seeded. However, the size of the spheres
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Figure 2. Aldehyde dehydrogenase isoform 1 (ALDH1) expression and enzymatic activity in HSC-3 cells. (A) Immunocytochemical detection of ALDH1 in HSC-3
cells. Arrows indicate positive cells. Scale bar, 50 ym. (B) Cytoplasmic fluorescence (arrows) of ALDHI enzymatic activity visualized in HSC-3 cells using the
Aldefluor kit. Scale bar, 30 ym. (C) Flow cytometric analysis of ALDHI enzymatic activity visualized using the Aldefluor kit. 4-diethylaminobenzaldehyde
(DEAB) was used to inhibit the reaction of ALDHI with the Aldefluor reagent, providing a negative control.
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Figure 3. Effects of cisplatin on HSC-3 cells. (A) Proliferation of HSC-3 cells treated with 0.1-50 uM cisplatin for 72 h using the Cell Counting Kit-8 assay.
Bars represent the standard deviation of three independent experiments. (B) Percentages of aldehyde dehydrogenase isoform 1 (ALDHI) enzymatic activity
in HSC-3 cells treated with 1, 5 and 10 #M cisplatin visualized by flow cytometric analysis. (C) Western blot analysis of ALDHI1 and ABCG?2 levels in
original parental cells (PTCs) and cisplatin-surviving cells (CiSCs). $-actin was similarly analyzed as a loading control.



440

OTA et al: ALDH1 EXPRESSION IN ORAL SQUAMOUS CELL CARCINOMA

PTCs
W AN .,
O o

o S0 BN AC ‘.." . »
& "'.‘" . \‘ Y :
n‘f‘ .. < . '.' | - v
0 . Py 5y . *

2 s T - &

5.’. 9 3.4 nn{;.“._ .“ '

o .; .“ ; F 4 S
‘: > o L] ‘;‘ . “' 3 . o
"- S T i.s 3 : i o .

" arter ol By, &
¥ ¥, % b<P [ (]
?""-._- \r’-'v‘, AL Fial L "éa

PTCs *

0 50 100 150 200

Invading cell number (/mm?)

Figure 4. Matrigel invasion assay of cisplatin-surviving cells (CiSCs) and original parental cells (PTCs). The number of HSC-3 cells invading Matrigel per square
millimeter is shown. Magnification, x40. The values shown are the means + standard error (SE) of three experiments. “P<0.05 was considered to indicate a statisti-
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Figure 5. Cancer sphere formation in cisplatin-surviving cells and original
parental cells. Phase-contrast microscopic images of cancer spheres developed
from cisplatin-surviving cells or original parental cells, showing the size of
both spheres. The values shown are the means + SE of three experiments.
“P<0.05 was considered to indicate a statistically significant difference.

formed was greater for CiSCs than PTCs (Fig. 5). The size of
the sphere developed from PTCs matched that of the sphere
developed from CiSCs after 4 days. These results indicate
that the cancer spheres developed from CiSCs grew faster
and were larger than those developed from PTCs.

Discussion

In solid malignancies, CICs or cancer stem cells, possess a
defined population of cells that exhibit elevated ALDH1
activity and resistance to antitumor drugs and radiotherapy
(13,20,22-25). We present clinicopathological and cellular
experimental evidence supporting the theory that increased
ALDHI1 immunostaining and enzymatic activity contributes
to the characteristics of CICs in OSCC. First, an immuno-
histochemical approach using clinical specimens confirmed
that increased expression of ALDHI is associated with local
recurrence. Second, in vitro cellular experiments indicated
that CiSCs, among which an increased population exhibit
elevated ALDHI activity, represent refractory characteristics
of CICs, such as ABCG2 expression, invasive capabilities and
the ability to self-renew.

Our clinicopathological results showed that a high level
of ALDHI1 expression correlated with local recurrence. This
finding is supported by the observation that a high percentage
of ALDHI1-expressing cells in most types of epithelial tumors,
including breast, lung, pancreas, bladder, ovarian and prostate
tumors, is associated with poor outcome (13,22-25). In this
study, no association was found between ALDHI1 expression
and prognostic factors in OSCC other than local recurrence,
although elevated ALDHI1 expression is significantly more
frequent in tumors than in normal oral mucosa. This finding
could be explained by the small patient cohort in this study:
>95% of cancer cells were ALDHI1-expressing and prog-
nostic significance was demonstrated in a cohort comprising
>400 patients with other epithelial cancers (17,18). However,
ALDHI may present a useful marker for the prediction of
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local recurrence of OSCC because this tumor exhibits a high
incidence of local recurrence (9).

In clinical specimens of OSCC, ALDHI1-high group
showed a diffuse staining pattern in cancer nests. This
seems incompatible with the concept that CICs comprise a
small population of cancer cells with multiple differentiation
and long-term repopulation capabilities. In some studies,
CIC markers were expressed in clinical samples of most
tumor cells, e.g., breast and endometrioid cancers (11,17).
Tumor characteristics may become more aggressive, when
most tumor cells possess CIC characteristics. Alternatively,
ALDHI1 may be a marker of undifferentiated cancer cells
rather than CICs.

Using flow cytometry, we identified that the percentage
of cells exhibiting ALDHI1 enzymatic activity significantly
increased among CiSCs. In cellular experiments, the pres-
ence of an increased population of cells exhibiting ALDH1
activity appears to contribute to the refractory characteristics
of CICs. By western blot analysis, we showed that ABCG2
expression is upregulated in CiSCs compared with PTCs.
These findings are supported by previous reports (20,26).
ABCG?2 is a member of the ABC-transporter superfamily
and is known to contribute to multidrug resistance to cancer
chemotherapy (27). Elevated expression of ABC transport
proteins in stem cells compared with non-stem cells confers
a relative resistance to the toxic effects of chemotherapy
drugs (28,29). Therefore, our results suggest that increased
ABCG?2 expression in CiSCs may be responsible for drug
efflux, conferring resistance to cisplatin. In a Matrigel inva-
sion assay, CiSCs exhibited a significantly increased invasive
capacity compared to that of PTCs over a short time period
(24 h). These results support the idea that the ability to initiate
and drive primary tumor growth, invasion and metastasis is
central to the definition of CICs. Self-renewal and the ability
to generate differentiated progenitors are considered funda-
mental properties of CICs (7,30). We found that CiSCs, in
contrast to PTCs, have an enhanced ability to generate cancer
spheres under selective culture conditions, indicating their
increased potential for self-renewal. Both in vivo and in vitro
results in this study suggest that ALDHI1 could represent an
effective therapeutic target for CICs in OSCC. Future studies
on ALDHI regulation may yield novel therapeutic modalities
for OSCC.

In this study, we demonstrated that an increased population
of cells exhibiting ALDHI1 expression and enzymatic activity
contributed to the characteristics of CICs in OSCC. A high level
of expression of ALDHI1 was associated with local recurrence in
a study of tissue sections from patients with OSCC. An increased
population of cells exhibiting ALDHI1 activity appeared to
participate in antitumor drug efflux, invasive capacity, and the
potential for self-renewal. Our findings suggest the possibility of
a novel therapeutic tool against OSCC that targets CICs.
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