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2.10. Statistical analyses

Statistical significance was determined using ANOVA followed by Student's t-
test or Dunnett's test. Repeated measures two-way ANOVA was used for the sta-
tistical analysis for the rotarod test. P values less than 0.05 were considered to be
significant.

3. Results
3.1. GL binding to HMGBI1

The BlAcore sensograms of GL to immobilized HMGB1 showed a
rapid increase in response units (RU) indicating binding of GL to the
immobilized HMGB1 on the chip followed by a decrease of RU
resulting from the dissociation of binding molecules upon washing.

The binding of GL to HMGB1 was concentration-dependent
(Fig. 1A). The equilibrium dissociation constant (Kd) was deter-
mined to be 4.03 pM. On the other hand, the GL binding to
immobilized sRAGE was minimal (Fig. 1A).

The in vitro binding assay of HMGB1 to sRAGE showed that GL
could block HMGB1 binding to SRAGE concentration-dependently
(Fig. 1B). The IC50 value of GL was estimated to be 6 uM from the
inhibition curve. Thus these results suggested that GL inhibited the
interaction between HMGB1 and RAGE by binding to HMGB1.

3.2. Translocation of HMGB1 at the injured site and effect of GL

In the fluid percussion-induced injury model, translocation of
HMGBI1 from the nuclei to the cytosol was remarkable in MAP2-
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Fig. 1. (A) GL binding to HMGB1 in vitro. Recombinant human HMGB1 (40 pg/ml) was immobilized on a CM5 BlAcore chip and different concentrations of GL were flowed at time
zero for 120 s. Surface plasmon resonance (BIAcore) showed a rapid increase in RU indicating binding of GL to the immobilized HMGB1. The Kd for GL binding to HMGB1 was
determined to be 4.0 pM. Similarly, recombinant human sRAGE (53 pg/ml) was immobilized on a CM5 BlAcore chip and the binding of GL to SRAGE was determined. The GL binding
to SRAGE was minimal. (B) The effect of GL on HMGB1—RAGE interaction in vitro. An in vitro binding assay of HMGB1 to sRAGE in the presence of different concentrations of GL to
SRAGE was performed. The ICsg value of GL was estimated to be 6 uM from the inhibition curve. The results are expressed as the mean + SEM of 3 wells. *P < 0.05 compared with the
control value in the absence of GL. (C) Translocation of HMGB1 in neurons in the rat cortex and hippocampus in the ipsilateral hemisphere after TBI. Five minutes after fluid
percussion injury on the right temporal cortex (top panel), the rats received an intravenous injection of GL (4.0 mg/kg) or control vehicle, and at 6 h after percussion the brains were
fixed. The coronal brain sections were double-immunostained with anti-HMGB1 and anti-MAP-2 antibodies, followed by AlexaFluor 555-labeled and AlexaFluor 488-labeled
secondary antibodies, respectively. Nuclei were stained by DAPI. The indicated areas from cerebral cortex and hippocampus CA1 were shown both at lower (upper panels) and
higher (lower panels) magnifications. White arrows indicate the HMGB1-immunoreactivities in the extranuclear space. Scale bars: 50 pm (white) and 5 pm (yellow). (D) Decrease in
HMGBT1 levels in the TBI region. Brain samples from both sides of the cerebral cortex (3 mm square) were collected 24 h after injury for western blotting. B-actin was used as the
internal control. (E) Quantitative analysis was performed using NIH Image ] software. Results are expressed as the mean + SEM of 5 rats. *P < 0.05 compared with the control rats. (F)
Plasma levels of HMGB1 were determined by ELISA in rats with TBI 6 h after injury. Results are expressed as the mean + SEM of 10 rats. *P < 0.05, *P < 0.01 compared with non-
injured rats (Sham). *#P < 0.01 compared with the injured control vehicle-treated rats.
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positive neurons in the cerebral cortex and dorsal hippocampus
(arrows in Fig. 1C) but not in GFAP-positive astrocytes or Ibal-
positive microglia as reported previously (Okuma et al., 2012) at
the site below percussion 6 h after injury in control rats. No such
translocation was observed on the contralateral side in the con-
trol rats. In both the cerebral cortex and hippocampus, some
neurons had evident cytosolic HMGB1-immunoreactive granule-
like structures at 6 h after injury, whereas HMGB1 immunore-
activity disappeared from the other neurons at the primary lesion
site.

The administration of GL (4 mg/kg, intravenously) significantly
inhibited the translocation of HMGB1 in neurons and maintained
the immunoreactivity in the nuclei (Fig. 1C). In accordance with the
results of immunohistochemical staining, western blotting
revealed that GL suppressed the reduction of HMGB1 from the site
of injury (Fig. 1D, E).

Determination of the plasma levels of HMGB1 in rats treated
with a percussion intensity of 2.2—2.6 atm showed that an 8-fold
increase in HMGB1 levels occurred 6 h after injury. This increase
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was inhibited by half by intravenous administration of GL (4.0 mg/
kg, intravenously) (Fig. 1D).

3.3. Effect of GL on BBB permeability

Evans blue leakage was measured to assess the extravasation of
serum albumin from capillary vessels in the TBI model as reported
previously (Okuma et al., 2012). The Evans blue dye was injected
intravenously 6 h after TBI, and the brain concentrations of Evans
blue in the injured hemisphere were determined 3 h thereafter.
After fluid percussion injury, the rats received three different doses
of intravenous injection of GL (0.25, 1.0 or 4.0 mg/kg) at 5 min. GL
dose-dependently inhibited BBB permeability (Fig. 2A, B, C), real-
izing 43% inhibition at 4.0 mg/kg.

3.4. Real-time PCR of inflammatory molecules

In the previous study, we found a marked up-regulation of
inflammation-related molecules including TNF-¢. and iNOS in the
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Fig. 2. (A) Effect of GL on BBB permeability in rats with TBI induced by fluid percussion. The rats received intravenous injection of different doses of GL (0.25, 1.0 and 4.0 mg/kg) or
control vehicle at 5 min after injury. The permeability of brain capillary vessels was examined by intravenously injecting Evans blue (40 mg/kg) at 6 h after injury and then
measuring the leakage of Evans blue-albumin into the brain parenchyma at 3 h after Evans blue injection. (B) After extraction from brain tissue, the amount of Evans blue was
determined in both control and GL (4.0 mg/kg) groups. The results are expressed as the mean + SEM of 5 rats. **P < 0.01 compared with the control vehicle-treated rats. (C) The
percentage reduction of extravasated Evans blue was calculated in each GL dosage group. **P < 0.01 compared with control vehicle-treated rats. (D) Expression of inflammation-
related molecules in rats with TBI. The rats received an intravenous injection of GL (4.0 mg/kg) or control vehicle 5 min after injury. Brain samples from both sides of the cerebral
cortex were prepared 6 h after injury as described in the Methods section. Real-time quantitative PCR was performed for the determination of inflammation-related molecule
expression. The results were normalized to the expression of GAPDH. Results are expressed as the mean + SEM of 5 rats. *P < 0.05, **P < 0.01 compared with the contralateral side.

#P < 0.05 compared with control rats treated with vehicle.
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ipsilateral injured cerebral cortex (Okuma et al., 2012). Therefore, we
here examined the effect of GL (4.0 mg/kg) on the expression of
inflammatory molecules on both sides of the cerebral cortex using
real-time PCR (Fig. 2D). The expression of TNF-a, IL-1B, IL-6 and iNOS
was up-regulated in the injured hemisphere after TBI. The treatment
with GL (4.0 mg/kg) almost completely suppressed the enhanced
expression of TNF-¢, IL-1B, and IL-6 in the injured side (Fig. 2D). Also,

sham rats, a learning tendency was observed, but this trend did not
reach the level of statistical significance. In vehicle control rats, the
ratios were significantly reduced compared with sham controls at
3, 6 and 24 h after percussion injury (Fig. 3A). In GL (4.0 mg/kg)-
treated rats, there was no difference in the ratios compared with
those in the sham rats at 3, 6 or 24 h after injury. Conversely, there
were significant differences between the vehicle-treated and GL-

treated groups at 6 and 24 h after injury (Fig. 3A). The beneficial
effects of GL on coordinated motor activity were dose-dependent
when the performance was determined at 6 h after injury (Fig. 3B).

there was no significant increase in the expression of TNF-g,, IL-18,
IL-6 and iNOS in the injured hemisphere in GL-treated rats.

3.5. Effects of GL on motor activity
3.6. Lateral dominancy of forelimb movement

Impairments of coordinated locomotor activity after percussion
injury were evaluated using a rotarod test. The walking time pe-
riods before and after brain injury were measured by the rotarod
test and were expressed as a ratio of two determinations. In the

Cylinder testing to evaluate the right—left dominancy of fore-
limb movement showed a time-dependent decrease in contralat-
eral forelimb movement in vehicle control rats, while no lateral
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Fig. 3. (A) Effects of GL on the impairment of motor functions in TBI rats. The rats received intravenous injection of GL (4.0 mg/kg) or control vehicle 5 min after injury. The rotarod
test was performed before and after TBI on each rat. The results are the ratio of the walking time at each time point against the pre-injured value. The results of the rotarod test were
expressed as the mean + SEM of 5 rats. *P < 0.05 compared with the sham control at each time point. P < 0.05 compared with the corresponding injured control vehicle-treated
rats at the same time point. (B) The rats received intravenous injection of different doses of GL (0.25, 1.0 or 4.0 mg/kg) or control vehicle 5 min after injury. The rotarod test was
performed at 6 h after injury as in (A). The results were expressed as the mean + SEM of 5 rats. *P < 0.05 compared with the injured control vehicle-treated rats. (C) Effect of GL on
the lateral dominance of motor functions in TBI rats. The results of the limb-use asymmetry cylinder test were expressed as the mean + SEM of 5 rats. *P < 0.05 compared with the
pretreatment value. *P < 0.05 compared with the injured control vehicle-treated rats. (D) Determination of the therapeutic time window of GL treatment in rat TBI. The rats received
intravenous injection of GL (4 mg/kg) or control vehicle at 5 min, 3 h or 6 h after fluid percussion injury. The rotarod test was performed 6 h after injury. Results are expressed as the
ratio of the walking time to the pre-injured value. The results are the mean + SEM of 5 rats. *P < 0.05 compared with the injured control rats treated with vehicle. (E) The
permeability of brain capillary vessels was examined by intravenously injecting Evans blue (40 mg/kg) at 6 h after injury and then measuring the leakage into the brain parenchyma
at 3 h after Evans blue injection. Results for 3 representative individuals are shown. (F) Results are expressed as the percentage reduction of Evans blue content by GL treatment at
different time points. The results are the mean + SEM of 5 rats. *P < 0.05, **!P < 0.01 compared with injured control rats treated with vehicle.
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dominancy of forelimb movement was noted in GL (4.0 mg/kg)-
treated rats throughout the observation period (Fig. 3C). There were
significant differences between the vehicle-treated and GL-treated
groups at both 6 and 24 h after injury.

3.7. Determination of the therapeutic time window of GL

After fluid percussion injury, the rats received intravenous in-
jection of GL (4.0 mg/kg) or vehicle control at 5 min, 3 h or 6 h. Not
only at 5 min but also at 3 h, intravenous injection of GL significantly
improved the motor impairments as measured by the rotarod test
(Fig. 3D). In addition, intravenous administration of GL even at 6 h
significantly reduced BBB permeability (Fig. 3E, F). Thus, our data
suggested that GL treatment was effective even at 6 h after TBI.

3.8. Evaluation of receptor involvement using gene-knockout mice

In our previous study (Okuma et al., 2012), we demonstrated
that RAGE predominantly might mediate the effects of HMGB1
released from neurons in the injured lesion. To confirm the re-
ceptors involved, we examined the effects of GL using RAGE—/—
and corresponding wild-type mice (Fig. 4A). In the wild-type mice,
inhibition of BBB permeability by GL (4.0 mg/kg) treatment was
evident, as was observed in the rat experiments. In RAGE—/— mice,
the increase in BBB permeability was lower than that in wild-type
mice. Treatment of RAGE—/— mice with GL (4.0 mg/kg) did not
produce any inhibitory effects on BBB permeability, suggesting that
RAGE plays a crucial role in mediating the effects of GL (Fig. 4A).
Moreover, GL did not antagonize the motor impairment induced by
percussion injury in RAGE—/— mice, although GL significantly
ameliorated motor impairment in wild-type mice (Fig. 4B).

3.9. Long-term beneficial effects of GL

The long-term beneficial effects of GL (4.0 mg/kg) were evalu-
ated by the rotarod test at 1, 3 and 7 days after injury (Fig. 5A). In
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the vehicle-treated rats, the ratio of walking time decreased time-
dependently up to 3 days and the reduced ratio remained to 7
days (Fig. 5A). Treatment with GL (4.0 mg/kg) significantly elevated
the ratios compared with those in vehicle-treated rats at all time
points examined.

We also examined the cognitive and motor function of rats with
TBIlinduced by moderate intensity percussion (2.0—2.2 atm) using a
Morris water maze test (Fig. 5B). The swimming time before and
after brain injury was measured by the Morris water maze test and
expressed as a ratio. In the vehicle control rats, there was marked
prolongation of swimming time at 3 and 7 days after injury. In
contrast, the swimming time in GL-treated rats at 3 and 7 days was
the same as the pre-injury value and significantly different from the
vehicle control value.

Long-term observation up to 7 days suggested that GL improves
not only coordinated locomotor activity but also cognitive function
during the subacute phase of TBI. In accordance with the results of
the Morris water maze test and rotarod test, immunohistochemical
staining revealed a large number of strong GFAP-positive astrocytes
(white arrows in Fig. 5C) with broad processes in the control
vehicle-treated rats 7 days after injury in both the cortex and dorsal
hippocampus of the injured side (Fig. 5C). The number of these
reactive astrocytes was reduced substantially in glycyrrhizin-
treated rats.

4. Discussion

In the present study, the results of surface plasmon resonance
experiments clearly showed that glycyrrhizin binds to HMGB1, but
not to sRAGE, with moderate affinity (Kd value of 4.03 uM). The
binding of HMGB1 with sRAGE was inhibited by the addition of
glycyrrhizin, with the IC50 value being similar to the Kd value of
glycyrrhizin for HMGB1. Thus, glycyrrhizin binding to HMGB1
inhibited HMGB1 binding to sRAGE, leading to the diminution of
RAGE signaling. In fact, x-ray crystallographic analysis revealed that
GL interacts with the A- and B-box of HMGB1 molecules (Mollica
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Fig. 4. The effects of GL in RAGE-knockout and wild-type mice. (A) TBI was induced in RAGE—/— and their wild-type mice as described in the Methods section. GL (4.0 mg/kg) or
control vehicle was injected at 5 min after percussion injury. BBB permeability was assessed by measuring Evans blue leakage into the brain. Results are expressed as the
mean + SEM of 5 mice. **P < 0.01 compared with control mice treated with vehicle. **P < 0.01 compared with wild-type (WT) mice. (B) Coordinated motor function was evaluated
6 h after injury using the rotarod test. Results are expressed as the mean + SEM of 5 mice. *P < 0.05, **P < 0.01 compared with the respective sham control without injury. P < 0.05
compared with the respective control mice treated with vehicle. *P < 0.05 compared with wild-type (WT) mice. (For interpretation of the references to color in this figure legend,

the reader is referred to the web version of this article.)
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Fig. 5. (A) Long-term beneficial effects of GL on motor activity and cognitive function in TBI rats. The rats received intravenous injection of GL (4.0 mg/kg) or control vehicle at 5 min
and at 6 h after fluid percussion injury. Then the same dose of GL was administered once a day for 3 days. The rotarod test was performed at 1, 3 and 7 days after injury. Results are
expressed as the mean + SEM of 6 rats. *P < 0.05, **P < 0.01 compared with the pre-injured value. *P < 0.05, *#P < 0.01 compared with injured control rats treated with vehicle. (B)
After mild fluid percussion injury, the rats received intravenous injection of GL (4.0 mg/kg) or control vehicle at 5 min and at 6 h. Then the same dose of GL was administered once a
day for 3 days. The Morris water maze test was performed before and after mild TBI. Results are expressed as a ratio of swimming time at each time point against the pre-injured
value. The results are the mean + SEM of 6 rats. *P < 0.05 compared with the pre-injured value. *P < 0.05 compared with injured control rats treated with vehicle. (C) Immu-
nohistochemical staining of the injured cortex and dorsal hippocampus 7 days after injury. The rats received GL or control vehicle as in (A). The coronal brain sections were double-
immunostained with anti-HMGB1 and anti-GFAP antibodies, followed by AlexaFluor 555-labeled and AlexaFluor 488-labeled secondary antibodies, respectively. Nuclei were
stained by DAPI. The indicated areas from cerebral cortex and hippocampus CA1 were shown. White arrows indicate the strong GFAP-positive astrocytes. Scale bar = 50 pm.

et al., 2007). Although the amino acid sequence in the B-box has
been suggested to be involved in RAGE recognition (Andersson and
Tracey, 2011), modification of the A- and B-box by GL may strongly
interfere with RAGE binding.

Glycyrrhizin is a major constituent of licorice root that has often
been used in traditional medicine in Japan and China (Arase et al.,
1997; Kumada, 2002). Injection of glycyrrhizin is available for the
treatment of hepatitis and allergic inflammation in Japan. Plural
action mechanisms have been suggested for the anti-inflammatory
activity of glycyrrhizin, including inhibition of NF-kB activation
(Cherng et al., 2006; Takei et al., 2008), suppression of inflamma-
tory cytokine production (Michaelis et al., 2011) and inhibition of
the migration of inflammatory cells (Andersson and Tracey, 2011).
These effects are interrelated, and some of them may be ascribed to
the inhibition of HMGB1 activity and HMGB1 translocation/secre-
tion (Kim et al., 2012; Hwang et al., 2006). The in vivo kinetics of
glycyrrhizin indicate that the therapeutic concentration of glycyr-
rhizin is about 0.4—1.0 pM in humans (Michaelis et al., 2011; Van
Rossum et al., 1999), which is close to the Kd value of glycyrrhizin
binding to HMGB1 determined in the present study. Therefore, a
routine dose of glycyrrhizin (40 mg/injection) may yield sufficient
plasma levels of glycyrrhizin to interfere with HMGB1—RAGE
binding.

We observed a marked translocation of HMGB1 in pyramidal
neurons in both the cerebral cortex and CA1 hippocampus under

percussion injury (Fig. 1C). The reduced HMGB1 levels detected by
western blotting in the injured cerebral cortex (Fig. 1D, E) strongly
suggested that the rate of translocation and release of HMGB1
from neuronal nuclei into extracellular space exceeded substan-
tially that of synthesis in the injury core. As in the case of anti-
HMGB1 monoclonal antibody treatment (Okuma et al., 2012),
glycyrrhizin significantly inhibited the translocation of HMGB1 in
neurons (Fig. 1C). This strongly suggested the existence of a cycle in
which HMGB1 is released, and then induces its own translocation,
leading to further HMGB1 release, that was inhibited by glycyr-
rhizin. Since glycyrrhizin inhibited HMGB1 and sRAGE binding, it
was speculated that inhibition of RAGE signaling may in turn lead
to the suppression of HMGB1 translocation by GL. Thus, the direct
binding of GL to HMGB1 and subsequent inhibition of HMGB1
translocation support the notion that GL may be an inhibitor of
HMGBT1 secretion (Kim et al., 2012; Gong et al., 2012; Ohnishi et al.,
2011).

Glycyrrhizin therapy is considered to be rather safe due to its
long clinical experience of use. Pseudo-aldosteronism is the sole
major side effect of glycyrrhizin and is generally limited to cases
requiring long-term treatment. In the present study, two admin-
istrations of glycyrrhizin at 5 min and at 6 h after injury achieved a
greater than 90% inhibition of the expressions of TNF-¢, IL-1B, and
IL-6. These anti-inflammatory effects of glycyrrhizin and inhibition
of HMGB1 mobilization suggested by immunohistochemical study
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as well as reduction of plasma levels of HMGB1 probably contrib-
uted to the protection of the blood—brain barrier (BBB), since
in vitro experiments showed that HMGB1 induced a breakdown of
the BBB directly (Zhang et al., 2011). Thus, glycyrrhizin inhibited
BBB breakdown, expression of inflammation-related cytokines and
elevation of plasma levels of HMGB1, probably through its binding
to HMGB1, which would have downregulated the RAGE signaling
pathway. In fact, the beneficial effects of glycyrrhizin disappeared
in RAGE-knockout mice in the present study.

The beneficial effects of glycyrrhizin on sensorimotor and
cognitive functions continued for up to at least 7 days after injury.
The numbers of reactive astrocytes in the lesion site were reduced
in glycyrrhizin-treated rats. Therefore, it is speculated that the
acute effects of glycyrrhizin on BBB disruption as well as expression
of inflammation-related molecules were followed by a reduced
activation of astrocytes. One of the major complications of trau-
matic brain injury is post-traumatic epilepsy. Since the epileptic
foci probably exhibits the sustained activation of astrocytes and
microglia (Pascual et al., 2012; Zurolo et al., 2011; Mattson and
Camandola, 2001), the reduced activation of astrocytes and
microglia may lead to a reduction in the severity of epileptic status.
Because of the absence of severe side effects, glycyrrhizin may be
applicable for the treatment of traumatic brain injury and pre-
vention of post-traumatic epilepsy.

5. Conclusion

It was demonstrated that GL exerts beneficial effects on acute
traumatic brain injury as well as subacute neural functions through
binding to HMGB1 and interference with its RAGE ligation. Gly-
cyrrhizin has long been used in the clinic setting and is a safe drug.
Therefore, a clinical study evaluating the efficacy of GL on TBI
should be considered.
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Abstract

Objective: This study examined whether the occurrence of late neck metastasis in early tongue squamous cell
carcinoma can be predicted by evaluating HMGB1 (high mobility group box 1) expression in the primary lesion.

Methods: A case—control study was conducted. The cases comprised 10 patients with late neck metastasis. The
controls consisted of 16 patients without recurrence. All were examined immunohistochemically for HMGBI1
protein expression. The odds ratio for late neck metastasis in relation to HMGB1 was estimated.

Results: Results for HMGB1 were dichotomised into positive staining scores (score, 5—7) and negative scores
(0—4). Six cases (60 per cent) and four controls (25 per cent) were HMGBI1-positive. Although no significant
result was seen, compared with HMGB1-negative patients the odds ratio for late neck metastasis in HMGB1-
positive patients was 3.8 (95 per cent confidence interval, 0.6-26.5) after adjusting for other factors.

Conclusion: In the present study, immunohistochemical study of HMGBI1 in early tongue squamous cell
carcinoma did not appear to be very useful for predicting occult neck metastasis. Further study is necessary to
clarify the relationship between HMGB1 expression and late neck metastasis in early tongue squamous cell

carcinoma.

Key words: HMGB1; Tongue; Carcinoma; Metastasis

Introduction
The clinical course of early tongue carcinoma is diffi-
cult to predict using established risk factors. We some-
times encounter cases with a poor prognosis among
patients who initially show a very superficial patho-
logically staged primary tumour (T;), without clinical
evidence of metastatic disease. The presence or
absence of occult neck metastasis is one of the major
prognostic factors in node-negative (Ny) tongue carcin-
oma.' The prevalence of occult neck metastasis among
patients with early tongue carcinoma is estimated to be
about 20—30 per cent. Several studies have addressed
the need for prophylactic neck dissection in patients
with clinically staged Ny early tongue carcinoma
(tumour—node—metastasis (TNM) staging of T;,,
NoM).

In Japan, many facilities employ a wait-and-see strat-
egy for patients with clinical Ny tongue carcinoma after
close pre-operative image diagnosis. This is in light of

the burden on the patient, and the risk of surgical com-
plications such as palsy of the mandibular branch of the
facial nerve and shoulder dysfunction.” As the Japanese
medical insurance system allows all patients easy
access to hospitals and frequent, careful follow up,
immediate neck dissection can be performed shortly
after neck metastasis is detected. However, the survival
rate of patients with late metastasis is not high.'** Depth
of tumour invasion is the most widely accepted predict-
or of late metastasis,’”>® but much room remains for
evaluating prognosis more precisely.”®

HMGBI (high mobility group box 1), a chromatin-
associated nuclear protein, is constitutively expressed
in the nucleus of both cancer and normal cells.
HMGB1 overexpression has been reported in a
variety of human cancers, and has been identified as
a general regulator of cell migration.9 HMGBI
protein is claimed to affect cell invasion, tumour
growth and metastasis by high-affinity binding to
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RAGE (receptor for advanced glycation end-
products).'’ Previous studies have observed expression
of HMGBI in various stages of cancer, or have com-
pared expression of HMGBI in cancer with expression
in normal tissues. The information that expression
levels of HMGBI are significantly higher in cancers
than in normal tissues, or are significantly correlated
with clinical stage or pathological grade of cancers,
so far does not seem very useful for clinicians.
However, HMGB1 might offer a target for treatment
in cancer based on the inhibition of tumour cell
invasion.”""

The present study examined expression of HMGBI1
in tongue squamous cell carcinoma (SCC), limited to
the early stages (stage I or I according to the Union
for International Cancer Control staging criteria), to
demonstrate whether this factor can be used to predict
the occurrence of late neck metastasis.

Materials and methods

Patients

Paraffin-embedded samples were obtained from 26 stage
I or II primary tongue SCC patients (according to the
Union for International Cancer Control staging criteria).
Diagnoses in these 26 patients had previously been con-
firmed by physical examination, ultrasonography, com-
puted tomography with or without '*F-deoxyglucose
positron emission tomography, and histological examin-
ation. If neck metastasis was suspected based on any of
these preliminary examinations, ultrasound-guided fine
needle aspiration cytology was performed to confirm a
negative result. All specimens were obtained from
patients who underwent partial glossectomy at
Okayama University Hospital, Japan, without any
other treatments, including prophylactic neck dissection,
pre- or post-operative chemotherapy, or radiotherapy.
The cases comprised 10 patients who were treated
between January 2005 and March 2012, and were
found to have neck metastasis during follow up. The
sites of late neck metastases were level 1 in two cases,
level 2 in five, both levels 1 and 2 in two, and level 3
in one, respectively. The controls consisted of 16
patients who were treated between January 2005 and
March 2008, and had been observed without recurrence
for more than 5 years, thus being considered as having
achieved complete cure. None of the 26 patients devel-
oped local recurrence or distant metastasis, and none
were lost to follow up during the observation period.

Immunohistochemical staining

Serial sections (4 pum) were cut from each paraffin-
embedded tissue block, and several sections were
stained with haematoxylin and eosin. The sections
were immunohistochemically stained with rat mono-
clonal anti-HMGB-1 antibody (10 pg/ml) using an
automated Bond-Max stainer (Leica Biosystems,
Melbourne, Australia). The anti-HMGB-1 antibody
was provided by a pharmacologist."'
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Staining evaluation

Immunohistochemically stained tissue sections were
scored separately by three pathologists blinded to the
clinical parameters. HMGBI1 staining was mostly
observed in the nuclei and cytoplasm of carcinoma
cells and some fibroblasts. Staining intensity was
scored as: O = negative, 1 = weak, 2 = medium or
3 =strong (Figure 1). The extent of staining to the
entire carcinoma-involved area was scored as: 0 =0
per cent, | = 1-25 per cent, 2 = 2650 per cent, 3 =
51-75 per cent or 4 = 76100 per cent. The sum of
the intensity and extent scores was used as the final
staining score (0-7) for HMGBI.'"> This grading
system has previously been used for evaluation of
HMGBI expression in the immunohistochemically
stained tissue sections of nasopharyngeal carcinoma.'?
After deciding on the scores independently, the three
pathologists gathered to discuss appropriate scores
and decide on the final scores. Patients were then cate-
gorised as HMGB 1-positive (HMGB1 score = 5-7) or
HMGB1-negative (HMBG1 score = 0—4).

Statistical analysis

We first assessed univariate associations between
demographic characteristics and potential prognostic
factors including HMGBI1 expression and late neck
metastasis. Crude odds ratios were then estimated.
Logistic regression modelling was used to examine
associations between HMGBI1 and late neck metasta-
sis, adjusting for other prognostic factors. Adjusted
variables were selected for inclusion in the model on
the bases of both the strength of the association and
clinical importance. Odds ratios and 95 per cent confi-
dence intervals (CIs) were calculated. Values of
p < 0.05 (two-sided test) were considered statistically
significant. All analyses were performed using SPSS
version 21.0 J software (SPSS, Armonk, New York,
USA) and STATA/SE 12.0 J software (Stata, College
Station, Texas, USA).

Results
Of the 26 tongue SCC patients (Table I), 11 were
female and 15 were male (57.7 per cent males),
ranging in age from 29 to 87 years (median, 63
years; mean, 69 years). The primary site for all 26
patients was the edge of the tongue, with no cases
showing the primary lesion at the centre or root of
the tongue. All 26 patients underwent partial glossect-
omy without prophylactic neck dissection. Pathological
study revealed that all the specimens were completely
resected with sufficient margins. Of the 10 patients
with late neck metastases, 8 survived and 2 died of
the disease during the observation period. The interval
between surgery for primary tongue carcinoma and
presentation of neck metastases ranged from 3 to 18
months (mean, 8.5 months).

As summarised in Table II, no significant associa-
tions were seen between late neck metastases in early
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HMGBI expression in early tongue squamous cell carcinoma. Immunohistochemical staining intensity with HMGB1 antibody was scored as:
0 = negative (a), 1 = weak (b), 2 = moderate (c) or 3 = strong (d). (x200)

tongue carcinoma and sex, age, tumour classification
(T; or T,), pathological differentiation, or HMGB1
expression (positive vs negative). However, the point
estimate of HMGBI1 expression was 4.50 and indicated
a relatively strong association.

Table III shows the adjusted odds ratios and 95 per
cent CIs for HMGBI1 and selected variables. As
this study included only a small number of patients
(n = 26), analysis of many of the prognostic factors
by multivariate analyses in the same model might be
imprecise and problematic. Based on both the strength
of the associations and clinical importance, we selected
sex as a demographic variable and tumour classifica-
tion as a clinical characteristic for adjusting the relation-
ship between HMGB1 and late neck metastasis. The
adjusted odds ratio for positive HMGB1 (HMBGI1
score of 5—7) was 3.82 (95 per cent CI, 0.55-26.50)
compared with negative HMGB1 (HMBGI1 score of
0-4).

Discussion
Our findings indicate that HMGB1 might not be useful
as a predictive marker for late neck metastasis in early

tongue SCC compared with previously established risk
factors. Two possible explanations for our findings
were considered: (1) HMGBI is truly a prognostic
marker, or (2) HMGBI is a confounder that needs to
be adjusted for when estimating associations with
other potential predictors. As the point estimate
showed a relatively strong association per se,
HMGBI1 might still be identified as a significant prog-
nostic factor in a future study with more statistical
power (i.e. many more patients). In addition, the odds
ratios of sex and tumour stage T, were obviously
increased after adjusting for HMGBI1 in the same
model. This might suggest HMGB1 as a possible con-
founder in determining relationships between other
prognostic factors and late neck metastasis. The
scoring system used for the evaluation of HMGBI1
staining has been employed in previous studies.'>'?
In a study of HMGBI1 expression in oesophageal
SCC, the total staining score of HMGB1 was calculated
by multiplying the intensity and extent scores.'* We
also used this calculation method to analyse the data,
and attained almost the same results. It will be neces-
sary to accumulate more cases to clarify the



