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Head and neck squamous cell carcinoma (HNSCC) includes both morphological and functional cellular heterogeneity, as
would be expected if it arose from dysregulated stem or progenitor cells as opposed to the simple clonal expansion of a
mutated cell; however, stemness molecule expression levels and distribution in HNSCC remain unclear. To clarify this,
stemness molecule expressions were determined in HNSCC, as well as their properties and prognosis. Two proto-
oncogenic chromatin regulators, Bmi-1 and high-mobility-group A2 (Hmga2), were identified in 12 pair cases of HNSCC
tumor regions by comparison with their non-cancerous background tissues using cDNA microarray. Both Bmi-1 and
Hmga2 are known to promote stem cell self-renewal by negatively regulating the expressions of Ink4a and Arf tumor
suppressors. Despite similar targets, Bmi-1 protein was expressed in an early cancerous region and HMGA2 protein was
expressed in a region showing more progression. Similarly, Bmi1 expression had no significance with regard to overall
survival (P¼ 0.67), whereas HMGA2 expression was associated with decreased overall survival (P¼ 0.05). Quantitative real-
time reverse transcription polymerase chain reaction analyses also correlated with protein levels. These findings suggest
that Bmi-1 is an early detection marker to distinguish cancerous from non-cancerous regions, whereas HMGA2 is pre-
sumed to be a tumor prognosis marker. Among our HNSCC analyses, these stemness molecules expressed fewer primitive
rare cells in the tumor than all other cells in the tumor. HNSCC cells with high expression of stemness molecules partly
behave like stem cells.
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Head and neck squamous cell carcinoma (HNSCC) is typically
associated with virus infection, persistent chronic inflamma-
tion, and tobacco and alcohol use. Survival rates have changed
in the last 40 years because of reductions in these factors;1

however, the mortality rate remains high because advanced and
recurrent locoregional control is difficult in many cases. Better
understanding of the biology of HNSCC is required to define
relevant targets and to develop novel therapeutic approaches.
HNSCCs have both morphological and functional cellular
heterogeneity, as would be expected if they arose from
dysregulated stem or progenitor cells as opposed to the simple
clonal expansion of a mutated cell.2 Recently, numerous
reports have shown support for the ‘cancer stem cell’ theory
in many types of tumor, including HNSCC.3,4,5 Acute and

chronic myeloid leukemias follow the cancer stem cell
model. Both tumors show robustly hematopoietic
hierarchical organization in the tumor cells;6,7 however, for
solid cancers such as squamous cell carcinoma, it is not clear
how generalizable the cancer stem cell model is. Not all cancer
cells have the same capacity to proliferate.8 In some cancers,
most cancer cells appear to have limited ability to proliferate,
while in the same tumors, stochastic minority populations of
stemness molecules highly expressed in cancer as a ‘stem-like
cancer’ retain the capacity to proliferate indefinitely. Normal
stem cells and ‘stem-like’ cancer cells share various significant
properties and have similar characteristics.9 We previously
reported that the combination of Bmi-1 and TERT gene
induction immortalized bone marrow stromal cells that
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proliferated slowly, but continuously, over 600 days.10

Moreover, we reported that Bmi-1 is highly expressed in
early-stage hepatocellular carcinoma (HCC).11 Bmi-1, as one
of the polycomb group genes, is required for the self-renewal
of hematopoietic stem cells (HSCs) and neural stem cells.12

Here, we identified two proto-oncogenic chromatin
regulators, Bmi-1 and high-mobility-group A2 (Hmga2), in
12 pairs of cases in HNSCC tumor lesions and their non-
cancerous background by cDNA microarray. To clarify the
clinical significance of the expressions of these molecules in
HNSCC, we focused on the correlation with pathological
factors as well as prognosis.

MATERIALS AND METHODS
Tissue Samples for Oligo-Nucleotide Microarray and
Quantitative Real-Time Reverse Transcription
Polymerase Chain Reaction (qRT-PCR)
HNSCCs and corresponding non-cancerous squamous epi-
thelium tissues were obtained from patients who underwent
sequential surgical resection at Tokai University Hospital,
Japan, between 2006 and 2008 (38 HNSCC cases: 18 tongue,
13 gingiva, 3 oral floor, 3 buccal mucosa, and 1 palate). Our
patients’ ages at onset were 34–91 years old (mean 68.5). We
macroscopically separated SCCs and non-cancerous lesions.
Histological diagnosis was made according to the WHO
criteria. Informed consent was obtained from the patients
and the Ethics Committee of Tokai University School of
Medicine approved the procedures (Approval #06 R-087).

Tissue Samples for Immunohistochemical Analysis
We collected formalin-fixed paraffin-embedded specimens
from the 91 cases (33 well-differentiated, 31 moderately

differentiated, and 27 poorly differentiated SCCs) of HNSCC.
For the overall survival experiment, 64 resected cases (with-
out chemotherapy and radiotherapy) were used in which the
tongue squamous cell carcinoma tumor was o4 cm and
there was no metastasis (T1, and T2, N0, M0). The tumor
tissues were surgically resected between 1998 and 2006 at the
National Cancer Center Hospital in Tokyo. Informed consent
was obtained from the patients and the Ethics Committee of
the National Cancer Center Hospital Tokyo, Japan, approved
the procedures (Approval #2010–075).

Tissue Microarray for Immunohistochemical Analysis
The tissue microarray was set up as described previously.11

Immunohistochemical staining was performed with the
following primary antibodies: Bmi1 (1:400; Cell Signaling,
Boston, MA, USA, D20B7 XP), HMGA2 (1:400; Biocheck,
Foster City, CA, USA). For staining, we used an automated
stainer (Dako) according to the manufacturer’s protocol.
Appropriate positive and negative controls were used for each
antibody.

Real-Time Quantitative RT-PCR
qRT-PCR analysis was performed as reported previously11

three times, including a no-template negative control. The
primer sets are shown below. For Bmi-1: 50-GAGGGTACTT
CATTGATGCCACAAC-30 (forward), 50-GCTGGTCTCCAGG
TAACGAACAATA-30 (reverse); for HMGA2: 50-AAGTTGTT
CAGAAGAAGCCTGCTCA-30 (forward), 50-TGGAAAGACC
ATGGCAATACAGAAT-30 (reverse); and for GAPDH:
50-GCACCGTCAAGGCTGAGAAC-30 (forward), 50-ATGGT
GGTGAAGACGCCAGT-30 (reverse).

Table 1 Relative expression levels of selected stemness genes in 12 paired HNSCC cases by Genechip analysis

Symbol Description

Max. Min.
Positive fold-change

cases (%) Mean Ts vs Ns P-value Genbank Systematic

Bmi1 BMI1 polycomb ring finger oncogene 3.7 0.4 7/12 (58%) 1.22 vs 1.09 0.61 NM_005180 A_24_P303989

HMGA2 High mobility group AT-hook 2, transcript variant 1 297.2 0.41 11/12 (92%) 7.79 vs 0.68 o0.01 NM_003483 A_23_P95930

GNL3L Guanine nucleotide-binding protein-like 3 (nucleolar)-like 6.82 1.04 12/12 (100%) 1.23 vs 0.83 0.03 NM_019067 A_23_P22499

CD44 CD44 molecule (Indian blood group), transcript variant 1 4.69 0.8 10/12 (83%) 1.30 vs 0.86 0.03 NM_000610 A_23_P24870

YBX1 Y-box-binding protein 1 2.15 0.99 10/12 (83%) 1.23 vs 0.90 o0.01 NM_004559 A_32_P218989

Epcam Epithelial cell adhesion molecules 17.58 0.06 6/12 (50%) 3.30 vs 1.38 0.29 NM_002354 A_23_P91081

Prom1 Prominin 1 (CD133) 39.31 0.08 3/12 (25%) 0.99 vs 1.38 0.76 NM_006017 A_23_P258463

SHH Sonic hedgehog homolog 4.65 0.11 3/12 (25%) 1.14 vs 1.37 0.54 NM_000193 A_23_P111657

Notch1 Notch homolog 1, translocation-associated 2.64 0.19 4/12 (33%) 0.97 vs 1.22 0.33 NM_017617 A_23_P60387

Abbreviations: Max.: maximum fold-change; Min.: minimum fold-change; Mean Ts vs Ns: average expression levels in tumor lesions vs non-cancerous lesions.
Positive fold-change cases: number of cases in which the gene was expressed more highly in the tumor than in the control (non-cancerous lesion) of each of
the 12 cases.
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cDNA Microarray/eArray Analysis
Profiling of mRNA was carried out according to the manu-
facturer’s instructions. All 24 labeled samples were hybridized
to the Agilent 60-mer oligo microarray with an 8� 15 000
probe format (eArray Group: Design ID: 021445 Agilent
Technologies eArray website: http://earray.chem.agilent.com).

Statistical Analysis
Data are expressed as the mean±s.e. The relative mRNA
expression levels of Bmi1 or HMGA2 were compared using
the unpaired t-test. The w2 or Fisher’s exact probability test
was used when appropriate to determine the correlation
between clinicopathological variables and Bmi1 or HMGA2
expression. Survival rates were calculated by the Kaplan–
Meier method, and the log-rank test was applied to compare
survival between different groups. All statistical analyses were
performed using Statcel software (OSM, Tokyo, Japan) and
SPSS statistical software (SPSS).

RESULTS
Microarray Analysis of Stem Cell-Related Gene mRNA
Profiling in 12 HNSCC Cases
As a first step, we examined whether commonly reported stem
cell-related genes are expressed in HNSCC. Twelve paired
cases of HNSCC tumor regions (Ts) and their non-cancerous
background tissues (Ns) were analyzed using Agilent eArray
for screening. To identify ‘cancer/stem cell’ markers, we sear-
ched in public databases and selected stemness molecules
from among genes highly expressed in human embryonal
stem (ES) cells, human HSCs, and also more highly expressed
genes, that is, 41.2 times the level in Ts, in our HNSCC
microarray data; in addition, we also focused on those de-
scribed in many reports as ‘cancer/stem cell’ markers: Prom1,
Sonic-hedgehog (SHH), and Notch1. Finally, we selected the
following stemness molecules in this study: Bmi1, HMGA2,
guanine nucleotide-binding protein-like 3 (GNL3L), CD44,
Y-box-binding protein 1 (YBX1), epithelial cell adhesion
molecules (EpCAMs), CD133/Prominin 1, SHH, and Notch 1.

Figure 1 Bmi-1 and HMGA2 expressions in head and neck squamous cell carcinoma (HNSCC) clinical samples. mRNA expression levels in 38 cases of

HNSCC. The relative mRNA expression levels in tumor tissues (T: dark gray/black bar) and their corresponding non-cancerous background tissues

(N: gray bar) in each of the 38 cases are shown in the right panel. Samples 1–13 are from well-differentiated HNSCCs; 14–30 from moderately

differentiated HNSCCs; 31–38 from poorly differentiated HNSCCs. (a) Bmi-1 and (b) HMGA2. The average expression level of Bmi-1 was slightly higher in

tumor tissues than in non-cancerous background liver tissues (13.27 vs 13.07; *P¼ 0.96; left panel). The average expression level of HMGA2 was

significantly higher in tumor tissues than in non-cancerous background squamous epithelium (6.05 vs 0.77; **Po0.01; left panel).
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The average HMGA2, GNL3L, CD44, and YBX1 expres-
sions in Ts were significantly higher than in Ns (mean T vs N;
7.79 vs 0.68, P¼ 0.02; 1.23 vs 0.83, Po0.01; 1.30 vs 0.86,
P¼ 0.03; 1.23 vs 0.90, Po0.01, respectively). Bmi-1 and
EpCAM in Ts were also higher than in Ns, but the differences
were not statistically significant (1.22 vs 1.09, P¼ 0.61; 3.30 vs
1.38, P¼ 0.29, respectively). Meanwhile, Notch1 and CD133/
Prominin 1 mean expressions in Ts were lower than in Ns
(mean 0.97 vs 1.22, P¼ 0.33; 0.99 vs 1.38, P¼ 0.76, respec-
tively). However, each individual case exhibited markedly
higher expression levels in T. From among the screening array
data, two candidate molecules, Bmi-1 and HMGA2, were
identified as diagnostic markers. These molecules are proto-
oncogenic chromatin regulators that promote stem cell self-
renewal by negatively regulating the expression of Ink4a and
Arf tumor suppressors. The relative expression and details of
the selected stemness genes are summarized in Table 1.

Bmi-1 and HMGA2 Expression in HNSCC Clinical Samples
As a second step, Bmi-1 mRNA expression levels were in-
vestigated in 38 tumors (13 well-differentiated, 17 moderately
differentiated, and 8 poorly differentiated HNSCCs) and their
background non-cancerous squamous epithelium using qRT-
PCR. Of these, 8 (61.6%) cases of well-differentiated, 10
(58.8%) cases of moderately differentiated, and 4 of 8 (50.0%)
cases of poorly differentiated tumors showed higher expression
than the corresponding non-cancerous background (Figure 1a,
left). These results implied that relatively high Bmi-1 expres-
sion was observed in the well-differentiated HNSCCs and
declined with progression. The average Bmi-1 expression was
higher in tumors than in the non-cancerous background
squamous epithelium, but the difference was not statistically
significant (13.27 vs 13.07; P¼ 0.96; Figure 1a, right).

We also analyzed HMGA2 mRNA levels in the same
clinical cases. HMGA2 mRNA expression in well-differentiated

Figure 2 Bmi-1 and HMGA2 expression in well, moderately, and poorly differentiated HNSCC. Clear nuclear staining of Bmi-1 (scored as 2þ ) and an

absence of HMGA2 (scored as negative) staining were observed in well-differentiated HNSCC (arrowheads). Bmi-1 expression appeared weaker (scored

as 1þ ), and also a weaker staining pattern of HMGA2 (scored as 1þ ) was seen in moderately differentiated HNSCC. Absence of Bmi-1 (scored as

negative) and strong staining of HMGA2 (scored as 2þ ) were observed in poorly differentiated HNSCC (a, d, g: H&E stain; b, e, h: corresponding Bmi-1

staining of each serial section; and c, f, i: corresponding HMGA2 staining of each serial section). (a–c) Well-differentiated HNSCC. (d–f) Moderately

differentiated HNSCC. (g–h) Poorly differentiated HNSCC. Arrowheads outline the border between non-cancerous and tumor regions.
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cases was significantly lower than in moderately and
poorly differentiated cases. HMGA2 mRNA expression
increased during HNSCC progression; however, almost all
expressions were higher in tumors than in the corresponding
non-cancerous background tissues. Of these, 13 (100%) were
from well-differentiated, 16 (94.1%) were from moderately
differentiated, and 8 (100.0%) were from poorly differ-
entiated (Figure 1b, left) tumors. The average HMGA2
expression in all tumors was also significantly higher than in
non-cancerous background tissues (6.05 vs 0.77, P o0.01;
Figure 1b, right). All analyses were repeated three times.

Next, Bmi-1 and HMGA2 protein expression and histo-
pathological factors were investigated in 91 clinical cases (33
well-differentiated, 31 moderately differentiated, and 27
poorly differentiated HNSCCs). The criteria for HNSCC

evaluation were determined by immunohistochemical ana-
lysis of Bmi1 expression: clear staining of the nucleus was
scored as a positive expression of 2þ , weak staining inside
the nucleus was scored as 1þ , and no staining was con-
sidered negative. A score of 2þ was observed in 6 of 33
(18.2%) and 1þ in 13 of 33 (39.4%) well-differentiated
HNSCCs, a score of 2þ was observed in 2 of 31 (6.5%) and
1þ in 11 of 31 (35.5%) moderately differentiated HNSCCs,
and a score of 2þ was observed in 3 of 27 (11.1%) and 1þ
in 13 of 33 (48.1%) poorly differentiated HNSCCs. In
contrast, negativity was observed in 14 of 33 (42.4%) well-
differentiated HNSCCs, 18 of 31 (35.5%) moderately differ-
entiated HNSCCs, and 11 of 27 (40.7%) poorly
differentiated HNSCCs. These results suggest that Bmi-1
expression did not show significant behavior in any HNSCC;
however, Bmi-1 clearly distinguished a non-cancerous lesion
at the boundary of the early-stage carcinoma/carcinoma
in situ/CIS (Figures 2a and b), and 19 of 33 cases were
positive (scored as 2þ or 1þ ) for Bmi1 protein. Meanwhile,
14 of 33 (42%) well-differentiated cases did not show Bmi1
protein expression, of which five cases were diagnosed as
verrucous carcinoma and the other cases as hyper-keratiniz-
ing-type SCC (data not shown). Thus, Bmi-1 protein ex-
pression was found in early-stage well-differentiated
HNSCCs. Similarly, Bmi-1 protein levels tended to decline
with hyper-keratinizing and/or poorly differentiated HNSCC
(Tables 2 and 3).

HMGA2 expression was also localized to the nucleus, which
was evaluated by immunostaining with the same criteria for
Bmi1 evaluation. A score of 2þ was observed in 0 of 33 (0%)
and 1þ in 14 of 33 (42.4%) well-differentiated HNSCCs, a
score of 2þ was observed in 13 of 31 (41.9%) and 1þ in 13
of 31 (41.9%) moderately differentiated HNSCCs, and a score
of 2þ was observed in 24 of 27 (88.9%) and 1þ in 2 of 27
(7.4%) poorly differentiated HNSCCs. In contrast, it was
observed as negative in 19 of 27 (57.6%) well-differentiated
HNSCCs, 5 of 31 (16.1%) moderately differentiated HNSCCs,

Table 2 Characteristics of 91 squamous cell carcinomas on the
basis of immunostaining

Bmi-1 expression

Characteristics 2þ /1þ � P-value

No. of tumors 48 43 NA

Mean age (years) 61.1 63.4 NA

Gender 0.64

Female 19 15

Male 29 28

Differentiation 0.26

Well-differentiated SCC (n¼ 33) 19 14

Moderately differentiated SCC (n¼ 31) 13 18

Poorly differentiated SCC (n¼ 27) 16 11

Stage o0.001

Stages I and II 48 30

Stages III and IV 0 13

HMGA2 expression

Characteristics 2þ /1þ � P-value

No. of tumors 66 25 NA

Mean age (years) 61.2 64.9 NA

Gender 0.51

Female 26 8

Male 40 17

Differentiation o0.001

Well-differentiated SCC (n¼ 33) 14 19

Moderately differentiated SCC (n¼ 31) 26 5

Poorly differentiated SCC (n¼ 27) 26 1

Stage 0.04

Stages I and II 60 18

Stages III and IV 6 7

Table 3 Immunohistochemical analysis of Bmi-1 and HMGA2
expression in squamous cell carcinoma

Bmi-1 staining score

Histology 2þ 1þ �

Well-differentiated SCC (n¼ 33) 6 (18.2%) 13 (39.4%) 14 (42.4%)

Moderately differentiated SCC (n¼ 31) 2 (6.5%) 11 (35.5%) 18 (58.1%)

Poorly differentiated SCC (n¼ 27) 3 (11.1%) 13 (48.1%) 11 (40.7%)

HMGA2 staining score

2þ 1þ �
Well-differentiated SCC (n¼ 33) 0 (0%) 14 (42.4%) 19 (57.6%)

Moderately differentiated SCC (n¼ 31) 13 (41.9%) 13 (41.9%) 5 (16.1%)

Poorly differentiated SCC (n¼ 27) 24 (88.9%) 2 (7.4%) 1 (3.7%)
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and 1 of 27 (3.7%) poorly differentiated HNSCCs (Table 2).
Almost all poorly differentiated cases were (2þ ) positive for
HMGA2 protein expression. In contrast, there were no scores
of 2þ in well-differentiated HNSCCs. These results suggest
that HMGA2 expression correlates with invasion and poor
histopathological differentiation. Typically, cells with strong
HMGA2 expression were observed at the tip of infiltrating
single cells (arrowheads in Figure 3), although at the same
tumor site, very weak expression appeared on the surface of
tumor cells. Thus, HMGA2 staining intensity was graded
from the surface to the infiltrative region (Figure 3).

Clinical Significance of Bmi-1 and HMGA2 Protein
Expression in Resected Case of Tongue Squamous Cell
Carcinoma
The median age of the 91 patients (57 men and 34 women),
who had a tumor of o4 cm in diameter (classified as T2, T1,
and Tis, N0, M0) in the surgery-alone group, was 62 years
(range, 29–91 years). During a median follow-up of 2777
days (range, 219–3956 days), the overall 5-year survival rate
was 65.7%, with a median survival of 2718 days (95% con-
fidence interval (CI), 2325–3112 days). Of the 91 tongue
SCCs, 48 (52.7%) were positive and 43 (47.3%) were negative
for Bmi-1 staining. w2 And log-rank analyses revealed no
significant difference between Bmi-1-positive tumors (med-
ian survival of 2651 days; 95% CI, 2137–3165 days) and
negative tumors (median survival of 2611 days; 95% CI,
2043–3179 days; P¼ 0.69, Figure 4a and Table 2). Meanwhile,
of the 91 tongue SCCs, 66 (72.5%) were positive and 25
(27.5%) were negative for HMGA2 staining. w2 Analysis re-
vealed that histopathological differentiation was significantly
associated with HMGA2 expression (P¼o0.001; Table 2).
Similarly, HMGA2 expression indicated decreased overall

survival, with a median of 2187 days (95% CI, 1545–2829
days) compared with HMGA2-negative tumors with a
median survival of 2611 days (95% CI, 2533–3455 days;
P¼ 0.05, Figure 4b).

DISCUSSION
In recent years, numerous reports have described ‘cancer
stem cell’ markers, for example, adhesion molecules: Ep-
CAMs, CD44, CD133, WNT, and SHH signal pathways, and
chromatin regulators.13,14 In this study, we analyzed for the
first time whether stem cell-related genes are upregulated in
HNSCCs compared with their corresponding non-cancerous
tissue using gene expression profiling. As a result, chromatin
regulators Bmi1 and HMGA2 demonstrated a tendency to be
highly expressed in tumors. In addition, CD44,15 GNL3L/
nucleostemin,16 and YBX117 showed higher average
expression in tumors. By contrast, EpCAM, CD133
(Prominin 1),18 and SHH expression levels showed great
variability among individual cases. These molecules are
expressed in tumor regions at relatively high mean levels;
however, the stemness molecule expression pattern did not
show a similar tendency among the cases. In contrast, Notch
pathways showed a tendency toward lower expression in
tumors compared with the level in non-cancerous tissue.
From these results, we focused on Bmi-1 and HMGA2 as
proto-oncogenic chromatin regulators known to be crucial
for the promotion of stem cell self-renewal by negatively
regulating the expression of Ink4a and Arf.19–21 Bmi-1, one of
the polycomb group (PcG) family members, was identified as
an Myc-cooperating gene22 and is essential for the generation
of self-renewing adult murine HSCs and neural stem cells.23

A notable point is that Bmi1-positive lingual keratinized
epithelial cells work to maintain and regenerate stem cells.24

Figure 3 HMGA2 expression correlates with invasion and poor histopathological differentiation. HMGA2-expressing nuclei showed graded staining in

invasive HNSCC. Typically, cells strongly expressing HMGA2 were observed at the tip of infiltrating single cells (arrowheads). In contrast, the tumor

surface showed weak HMGA2 expression (a) H&E staining; (b) HMGA2.
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HMGA2 is one of the high-mobility group-A family
members known to be widely expressed during embryo-
genesis, whereas their expression is low in adult tissues.

HMGA family proteins bind to the minor groove of AT-rich
DNA sequences, modify chromatin conformation, and
enhance the affinity of transcription factors.25 Generally,
both PcG and HMGA family molecules are highly expressed
in developmental-stage cells or limited premature/stem cells
in adulthood. Imbalance of the expressions of these
molecules causes cancer because of self-renewing and
progression capabilities.26,27 Bmi-1 mRNAs and proteins
tend to be expressed in well-differentiated/early and lose
expression in poorly differentiated/progressed HNSCC
(Tables 1–3). Subsequent identification of Bmi-1 protein
expression could distinguish early lesions of cancerous tissue
from non-cancerous tissues in HNSCCs (Figure 2). This
occurred in the same manner as in HCCs, as we previously
reported.11

On the other hand, HMGA2 mRNAs and proteins tended
to be expressed in poorly differentiated HNSCC and weakly
or not expressed in well-differentiated/early HNSCC
(Figure 2). Interestingly, these results showed that, despite
having the same target proto-oncogenic chromatin regulator,
Bmi-1 and HMGA2 expression patterns clearly contrasted.
Several recent studies have implied that HMGA2 expression
correlated with lymph node metastases and tumor progres-
sion in several solid tumors.28–30 HMGA2 expression in oral
squamous cell carcinoma has also been reported.31 Our
results are consistent with previous reports. Although tongue
SCC at stage ‘T2’ is known to have excellent prognosis,
HMGA2-expressing tumors showed significantly decreased
overall survival. In particular, HMGA2 protein was most
highly expressed at the invasive front of single cancer cells
(Figure 3).

From the standpoint of developmental and stem cell
biology, previous work has established that Bmi1 is expressed
in postnatal HSCs, but not in prenatal proliferative HSCs.32

Thus, we speculate that Bmi1 expression arises in the cancer-
developing stage of early tumors with high plasticity. The
long half-life of the cancer ‘cell of origin’ allows the
accumulation of multiple mutations and epigenetic changes
required for multi-step evolution toward progression. These
progressed cancer cells showed decreased Bmi1 expression
and gained proliferative activity instead of loss of plasticity.
Similarly, very weak HMGA2 expression in the cancer-
developing stage occurred in early tumors with high
plasticity. HMGA2 expression subsequently increased as
proliferative activity was obtained. It was also reported that
HMGA2 expression was observed in the developmental
proliferative stage but not in the mature stage.

In this study, we demonstrated that stemness molecule
expression patterns do not show a similar tendency among
cases and fewer primitive rare cells are expressed in the tumor
than almost all other cells in HNSCC cases. Bmi1 is expressed
in early and well-differentiated HNSCCs, whereas HMGA2 is
expressed in the invasive front and/or poorly differentiated
HNSCCs. These results showed that Bmi1 immunostaining
could be a novel marker to distinguish early cancer from

Figure 4 Comparison of Kaplan–Meier survival curves according to

Bmi-1 and HMGA2 immunostaining in tongue squamous cell carcinoma.

Overall survival curve for the patient group with HNSCC with Bmi-1

expression did not differ significantly from that for the group with

HNSCC-negative Bmi1 expression (P¼ 0.69) (a). In contrast, the patient

group with HNSCC and HMGA2 expression had poor prognosis

compared with the patient group with HNSCC-negative HMGA2

expression (P¼ 0.05) (b). The patients with HNSCC with Bmi-1 or HMGA2

expression (scored as 2þ and 1þ ) are shown by a dotted line and the

patients with HNSCC but no Bmi-1 or HMGA2 expression (scored as

negative) are shown by a solid line.
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non-cancerous tissue, whereas HMGA2 immunostaining
could be a poor prognostic and invasive marker of HNSCCs.
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