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Abstract. In the present study, in order to identify novel 
diagnostic biomarkers for the malignant behavior of oral squa-
mous cell carcinoma (OSCC), we determined the proteomic 
profiles of several OSCC cell lines and keratinocytes by 
two-dimensional fluorescence difference gel electrophoresis 
and liquid chromatography tandem mass spectrometry. 
The protein expression level of α-1-microglobulin/bikunin 
precursor (AMBP) was found to be significantly lower in the 
OSCC cell lines than in the keratinocytes, and a significant 
decrease in AMBP mRNA expression was confirmed in the 
OSCC cell lines by RT-qPCR. To investigate the biological 
function of AMBP in OSCC, the cells were transiently 
transfected with an AMBP overexpression vector; the AMBP-
overexpressing cells exhibited a significantly decreased 
invasion and migration in comparison to the mock-transfected 
control cells, although no significant changes in cell prolifera-
tion were observed. Immunohistochemistry revealed that the 
underexpression of AMBP was significantly associated with a 
high metastatic potential to cervical lymph nodes and a poor 
overall survival. Thus, the expression of AMBP is an indepen-
dent predictive factor of cervical lymph node metastasis and a 
prognostic factor of overall survival, and it is involved in both 
cell invasion and metastasis in cervical lymph nodes in OSCC.

Introduction

Head and neck cancer accounts for approximately 550,000 
new cases and approximately 300,000 deaths each year 
worldwide (1). Oral squamous cell carcinoma (OSCC) is the 

most common malignancy of the head and neck (2) and is 
among the 10 most common types of cancer worldwide (3). 
The OSCC incidence rates have significantly increased 
in several countries, such as Iceland, Finland and Ireland 
between the years 2000-2007 (4), and it has been reported 
that the incidence among young individuals and women has 
increased (5-7). Both the overall and 5-year survival rates for 
OSCC are approximately 60%, although there are variations 
from 10 to 82%, depending on clinical stage, age, race, comor-
bidity and the primary site of the tumor (8). Among several 
prognostic factors, it has been shown that nodal metastasis 
is the strongest factor that predicts a poor survival  (8,9). 
Therefore, the diagnosis and management of nodal metastases 
are important for improving the survival rate (8). Surgical 
resection is the first choice of treatment for patients with oral 
cancer. Although definitive radiation therapy is effective, it is 
not routinely used as osteoradionecrosis occurs frequently; 
thus, chemoradiotherapy is used as an adjuvant post-operative 
treatment (8). However, surgical resection for locally advanced 
cases decreases the quality of life (QOL) of patients due to 
post-operative dysfunctions, such as dysphagia and pronun-
ciation/anarthria by amputation of the facial nerve and/or 
deglutition-related muscles, and through cosmetic distur-
bances, such as major changes in the form of the face by tissue 
defects (10). It is thus necessary to consider not only the excision 
of the cancer, but also the preservation of facial function. More 
precise diagnostic biomarkers and prognostic factors to inform 
multidisciplinary treatment strategies, including radiotherapy, 
chemotherapy, and molecular targeted therapy, are necessary. 
A number of researchers are searching for tumor biomarkers 
that indicate the properties of tumor cells or that can be used 
as treatment targets (11,12). Two-dimensional fluorescence 
difference gel electrophoresis (2D-DIGE) is a widely used tool 
for separating proteins (13), and proteomic approaches have 
been used to identify useful biomarkers for various types of 
cancer, such as prostate, breast and colon (14,15). However, 
there are few studies using proteomic approaches by 2D-DIGE 
for oral cancers (16,17).

In the present study, we analyzed the expression of 
proteins in normal epidermis keratinocytes and OSCC cell 
lines using 2D-DIGE and liquid chromatography tandem mass 
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spectrometry (LC/MS/MS). We then performed a functional 
analysis of α-1-microglobulin/bikunin precursor (AMBP), 
which we identified by in vitro assays. Recently, the asso-
ciations between AMBP and various malignant tumors have 
been reported (18,19). Although the functions of AMBP in 
malignant tumors remain unclear, there are reports indicating 
that the antitumor effects of bikunin, a degradation product 
of AMBP, is associated with the urokinase-type plasminogen 
activator  (uPA) and urokinase-type plasminogen activator 
receptor  (uPAR) pathway or the mitogen-activated protein 
kinase (MAPK) signaling pathway (20,21). In this study, we 
evaluated the association between AMBP expression and 
clinicopathological factors and prognosis by immunohisto-
chemistry (IHC) to identify its clinical significance.

Materials and methods

Cell lines and materials. The OSCC cell lines, KON, OSC-20, 
HSC-3, HSC-4, SAS and Ca9-22, were obtained from the 
Japanese Collection of Research Bioresources Cell Bank, 
Osaka, Japan. A spontaneously transformed immortal kera-
tinocyte cell line, HaCaT (#300493), was obtained from CLS 
Cell Lines Service GmbH (Eppelheim, Germany). All cell 
lines were maintained at 37˚C in a humidified atmosphere of 
5% CO2/95% air. Fetal bovine serum (FBS) was purchased 
from Sigma-Aldrich (St. Louis, MO, USA). The KON cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM) 
(Sigma-Aldrich) supplemented with 10% FBS. The OSC-20 
cells were cultured in DMEM/F-12 medium (Sigma-Aldrich). 
The HSC-3, HSC-4 and Ca9-22 cells were cultured in minimum 
essential medium (MEM) (Sigma-Aldrich) supplemented with 
10% FBS. SAS was cultured in DMEM/F-12 with 10% FBS. 
Culture medium exchange was carried out twice a week for 
all cells. HaCaT, used as the control cells, were cultured in 
DMEM supplemented with 10% FBS. AMBP-overexpressing 
SAS and mock-transfected cells were cultured in DMEM/F-12 
with 10% FBS.

2D-DIGE and image analysis. 2D-DIGE was performed as 
previously described  (22,23). In brief, a common internal 
control sample was created by mixing a small portion of all 
protein samples used in this study, which was labeled with Cy3 
fluorescent dye (CyDye DIGE Fluor Saturation Labelling Dyes; 
GE Healthcare Biosciences, Uppsala, Sweden). Individual 
samples were labeled with Cy5 fluorescent dye (CyDye DIGE 
Fluor Saturation Labelling Dyes; GE Healthcare Biosciences). 
Each differently labeled 50 µg protein sample was mixed 
together and separated by 2D-DIGE according to the isoelec-
tric point and molecular weight. The first-dimension separation 
was achieved using a 24 cm length immobilized pH gradient 
gel (pH 3-10) and a Multiphor Electrophoresis System (both 
from GE Healthcare Biosciences), while the second-dimension 
separation was achieved using a 12% acrylamide gel with a 
separation distance of 36 cm. The gels were scanned using the 
laser scanner Typhoon Trio (GE Healthcare Biosciences) at the 
appropriate wavelength for Cy3 or Cy5. For all protein spots, 
the Cy5 intensity was normalized with the Cy3 intensity in 
the same gel using Progenesis SameSpots software version 3 
(Nonlinear Dynamics, Newcastle, UK) so that gel-to-gel 
variations were canceled out.

Mass spectrometry analysis. Proteins separated by 
12% SDS-polyacrylamide gel electrophoresis (PAGE) were 
visualized by SYPRO Ruby staining (Molecular Probes, 
Eugene, OR, USA). Peptide samples were excised from 
the gels and digested by trypsin using an In Gel Digest kit 
(Millipore, Bedford, MA, USA) as previously described (24). 
Following peptide extraction, the proteolytic peptide mixture 
was concentrated to 5 ml by evaporation, 35 ml of 2% aceto-
nitrile and 0.1% trifluoroacetic acid (TFA) was added, and 
then it was subjected to an HTC-PAL autosampler (CTC 
Analytics AG, Zwingen, Switzerland) for nanoscale capil-
lary LC/MS/MS analysis. We used the capillary LC system 
Magic 2002 (Michrom BioResources, Brockville, ON, Canada) 
coupled to an in-line nanoelectrospray mass spectrometer 
LCQ Advantage (Thermo Finnigan, Yokohama, Japan) with a 
silica-coated glass capillary PicoTip installed (New Objective, 
Woburn, MA, USA). The samples were loaded in 5% aceto-
nitrile with 0.1% formic acid. The gradient consisted of 6.4% 
acetonitrile for 5 min and subsequently 6.4-76.8% acetonitrile 
for 45 min. Spectra were collected as MS and MS/MS scans. 
The MS scan defined the ion composition at an m/z range of 
450-2000, and the MS/MS scan acquired the mass spectrum 
of the parental ion upon collision-induced dissociation. The 
acquired collision-induced dissociation spectra were analyzed 
by direct inspection using the Mascot software program 
version 2.2.04 (Matrix Science, Boston, MA, USA), as previ-
ously described (25,26).

Analysis of mRNA expression by reverse transcription-quanti-
tative PCR. The mRNA expression levels of AMBP were 
examined in 6 OSCC-derived cell lines and in HaCaT cells. 
Total RNA was isolated from the cells using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) and was reverse transcribed 
by Ready-to-GO You-prime first-strand beads (GE Healthcare 
UK Ltd., Little Chalfont, UK) and Oligo(dT) primer 
(Invitrogen) (27,28). Quantitative (real-time) reverse transcrip-
tion polymerase chain reaction (qPCR) was performed to 
evaluate the expression levels of AMBP mRNA. All-qPCR 
analyses were performed using a LightCycler 480 PCR system 
(Roche Diagnostics GmbH, Mannheim, Germany). The reac-
tion mixture was loaded and submitted to an initial denaturation 
at 95˚C for 10 min, followed by 45 rounds of amplification at 
95˚C (10 sec) for denaturation, 62˚C (10 sec) for annealing, and 
72˚C for extension, with a temperature slope of 20˚C/sec. The 
primer sequences for AMBP were forward, 5'-TACATCCAT 
GGCCTGTGAGA-3'; and reverse, 3'-CCACTACCACTACT 
CCTGGA-5'. The transcript level for the AMBP gene was 
estimated from the respective standard curves and normalized 
to the amount of glyceraldehyde-3-phosphatedehydroge-
nase (GAPDH) 5'-CATCTCTGCCCCCTCTGCTGA-3' and 
5'-GGATGACCTTGCCCACAGCCT-3' transcript determined 
in corresponding samples. qPCR was performed as previously 
described (29). The results obtained using the 2-ΔΔCq method (30).

Cloning AMBP into an expression vector. The full‑length human 
AMBP cDNA clone was purchased from the Kazusa DNA 
Research Institute, Chiba, Japan. The AMBP cDNA clone that 
excluded signal peptide was amplified by PCR using PrimeSTAR 
max DNA polymerase (Takara Bio, Kyoto, Japan) and the 
primers 5'-AGCTGCTAGCAAGCTACCATGAGGAGCCTC 
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GGG-3' and 3'-TCGACGATCGTTCGATGGTACTCCTCG 
GAGCCC-5'. The PCR product was extracted from the agarose 
gel and ligated into the HindIII-BamHI site of pCEP4 
Mammalian expression vector (Life Technologies, Carlsbad, 
CA, USA) using an In-Fusion HD Cloning kit (Clontech, 
Mountain View, CA, USA). Subsequent transformation was 
performed in competent DH5α cells (Takara Bio) via the heat 
shock method. The true transformed colonies were selected 
through colony‑PCR and confirmed by DNA sequencing.

Transfection of AMBP into SAS cells. SAS cells plated at a 
density of 4x105 cells in 6-well plates were transfected with 
2.0 µg of the AMBP-pCEP4 construct or pCEP4 vector alone 
(mock) using ViaFect Transfection Reagent (Promega Corp., 
Madison, WI, USA) in accordance with the manufacturer's 
instructions. All experiments using these cells were performed 
at 48 h following transfection.

Western blot analysis. Western blot analysis was performed to 
confirm the transfection efficiency. Total protein from AMBP-
overexpressing SAS and mock-transfected SAS cells was 
isolated using M-PER Mammalian Protein Extraction Reagent 
containing protease and phosphatase inhibitor cocktail, and 
quantified using the Qubit Protein Assay kit (all from Thermo 
Fisher Scientific, Tokyo, Japan). Isolated proteins (20 µg) were 
resolved on 4-12% polyacrylamide gels and transferred onto 
PVDF membranes. The membranes were incubated in Blocking 
One blocking buffer (Nacalai Tesque, Kyoto, Japan) for 30 min at 
room temperature. AMBP monoclonal antibody (4F4; Abnova, 
Taipei, Taiwan) was used at a dilution of 1:1,000, and secondary 
antibody Anti-Mouse IgG, HRP-Linked F(ab')2 Fragment 
Sheep (NA9310) (GE Healthcare UK Ltd.) was used at a dilu-
tion of 1:1,000. β-actin antibody was used as the internal control 
at a dilution of 1:2,500 (ab6276; Abcam plc, Cambridge, UK). 
Following overnight incubation at 4˚C with primary antibodies, 
the membranes were further incubated with the secondary anti-
bodies for 2 h at room temperature. Signals were detected with 
ECL Western Blotting Detection Reagents (GE Healthcare UK 
Ltd.), according to the manufacturer's instructions. Quantitative 
analysis of AMBP/β-actin were performed using Fusion Capt 
software (Vilber Lourmat, Marne-la-Vallee, France).

Wound healing assay. AMBP-overexpressing SAS or mock-
transfected SAS cells were seeded into culture inserts (80206; 
Ibidi GmbH, Munich, Germany) at 3.0x105  cells/insert in 
triplicate. Following incubation for 24 h until confluence, the 
inserts were removed, and a gap was made. After washing 
with PBS to remove cell debris, fresh culture medium was 
added, and cells were incubated at 37˚C in a 5% CO2 humidi-
fied incubator to allow for wound closure. The closure of the 
gap was photographed at x200 magnification under Nikon 
TE-DH100W microscope (Nikon Corporation, Tokyo, Japan) 
immediately after adding fresh culture medium and at the indi-
cated time points (6 and 8 h later). The gap area of each time 
point was calculated using the MTrackJ plugin (http://www.
imagescience.org/meijering/software/mtrackj/manual/) with 
ImageJ software (version 1.50) (NIH, Bethesda, MD, USA).

Matrigel cell invasion assay. Matrigel invasion was performed 
using Corning BioCoat Matrigel Invasion Chambers 

(Corning, Inc., Corning, NY, USA). AMBP-overexpressing 
SAS or mock-transfected SAS cells (1x105 cells) that were 
suspended in serum-free culture medium were seeded in the 
upper surface of each insert chamber. The lower part was filled 
with culture medium with 10% FBS. Following 48 h of incuba-
tion at 37˚C in a 5% CO2 humidified incubator, cells that had 
migrated into the other side of the membrane were stained with 
Diff‑Quick stain (16920; SYSMEX, Hyogo, Japan). Briefly, the 
membranes were treated with Diff-Quick fixative for 5 min, 
Diff-Quick Solution I for 5 min, and Diff-Quick Solution II for 
5 min, washed in deionized water, allowed to air dry, mounted 
on slides. All steps were carried out at room temperature. The 
total number of migrated cells in all fields was counted using 
the Cell Counter plugin with ImageJ software (version 1.50) 
(NIH, Bethesda, MD, USA). The experiments were performed 
in triplicate.

Cell proliferation assay. AMBP-overexpressing SAS or mock-
transfected SAS cells were plated at a density of 5x103 cells/well 
into 96-well plates in sextuplicate, and the plates were then 
incubated at 37˚C in a humidified 5% CO2 atmosphere. Cell 
viability was measured with the RealTime-Glo MT Cell 
Viability assay every 12 h using a GloMax 96 Microplate 
Luminometer (both from Promega Corp.).

Patients and specimens. We evaluated AMBP expression and 
clinicopathological records in 95 OSCC specimens of the 
tongue, from 60 males and 35 females ranging in age from 30 
to 88 years, with an average age of 67 years, who had under-
gone surgical excision in the Oral Cancer Center, Tokyo Dental 
College, Chiba, Japan from January, 2010 to March, 2016. 
Patient distributions based on the Union for International 
Cancer Control (UICC) TNM Classification of Malignant 
Tumors 7th Edition staging were as follows: 32 patients had 
stage I, 27 had stage II, 11 had stage III, and 25 had stage IV 
disease. Analysis of the histopathological grade diagnosed 
80  patients with well-differentiated, 10  with moderately-
differentiated and 5 with poorly-differentiated OSCC. The 
depth of invasion (DOI) was measured on histopathological 
specimens of the tumors as per the American Joint Committee 
on Cancer (AJCC) Cancer Staging Manual, 8th Edition (31). 
For primary surgery, 58 cases underwent glossectomy alone, 
and 37 cases underwent surgical excision and cervical neck 
dissection, including elective neck dissection. The duration of 
the follow-up time for all 95 cases was 12.8 months to 88.3 
months, and the median follow-up time was 45.7 months. 
The duration of follow-up time for 58 clinically node-nega-
tive (cN0) cases who did not undergo elective neck dissection 
was 9.2 months to 80.0 months, and the median follow-up 
time was 53.9 months. Lymph node metastases were found in 
43 cases. Distant metastases were found in 16 cases, and death 
occurred in 15 cases. This study was approved by the Research 
Ethics Committee of Tokyo Dental College (no. 709), and 
informed consent was obtained from the patients according 
to a protocol.

Immunohistochemistry (IHC). For IHC, the tissue sections 
were de-paraffined with xylene and rehydrated through an 
ethanol series and PBS. Antigen retrieval was performed by 
heat treatment by microwaving for 20 min with citrate buffer, 
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pH 6.0. Endogenous peroxidase was blocked with 0.3% H2O2 
in methanol for 30 min, followed by incubation with Protein 
Block (Genostaff, Tokyo, Japan). The sections were incubated 
with anti-AMBP mouse monoclonal antibody (2 µg/ml; 4F4, 
Abnova) at 4˚C overnight, then incubated with Histofine Simple 
Stain MAX-PO MULTI (Nichirei, Tokyo, Japan) for 30 min at 
room temperature. Peroxidase activity was visualized by diami-
nobenzidine. The sections were counterstained with Mayer's 
hematoxylin (MUTO, Tokyo, Japan) for 3 sec at room tempera-
ture, dehydrated, and then mounted with Malinol (MUTO). The 
stained sections were scanned using the NanoZoomer2.0-HT 
(Hamamatsu Photonics, Hamamatsu, Japan). Scanned images 
were constructed NanoZoomer Digital Pathology version 2.6 
(Hamamatsu Photonics). Scanned sections were examined and 
scored using a semiquantitative immunoreactive score (IRS) as 
previously described (32). The mean dye intensity was assessed 
using the following scale: 0, negative; 1, weak; 2, moderate; and 
3, strong. The percentages of stained cells from 5 randomly 
selected fields under high magnification (x400) were counted. 
The percentage of stained cells varied as follows: 0, negative; 
1, <10%; 2, 10% to 50%; 3, 51% to 80%; 4, >80% positive cells. 
The product of both summands yields a total score ranging 
from 0 to 12 points. According to these scores, tissues were 
classified as low (0-4 points) or high (6-12 points) AMBP 
expression groups.

Statistical analysis. All in vitro assays were evaluated using 
t-tests and Kruskal-Wallis tests with Bonferroni's correction 
applied. Correlative significance of AMBP expression to 
clinicopathological factors was evaluated by Fisher's exact 
test. The overall survival rate and secondary cervical lymph 
node metastasis control rate were calculated by Kaplan-Meier 

analysis, and comparisons between each group were measured 
using log-rank tests. Cox hazard regression analysis was 
performed as univariate and multivariable analyses to detect 
risk factors for death. All statistical analyses were performed 
with EZR version 1.36 (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a graphical user inter-
face for  R (The R Foundation for Statistical Computing, 
Vienna, Austria). More precisely, it is a modified version of 
R Commander designed to add statistical functions frequently 
used in biostatistics (33). All P-values were two sided, and 
P-values ≤0.05 were considered to indicate statistically signifi-
cant differences.

Results

Proteomic profiling by 2D-DIGE. Protein samples were 
extracted from OSCC-derived cell lines and HaCaT cells. 
Approximately 3,000 protein spots were successfully detected 
from each proteome. There were 49 significantly increased 
proteins and 77 significantly decreased proteins in the OSCC 
cells compared with the HaCaT cells (data not shown).

Protein identification. In total, 92 proteins were identified, 
apart from those with post-translational modifications, by 
LC/MS/MS. AMBP was listed as a candidate protein as 
AMBP exhibited a decreased expression most prominently in 
each OSCC cell line we examined (Fig. 1).

mRNA expression analysis. We examined mRNA expression 
by RT-qPCR in the OSCC and HaCaT cells. The mRNA expres-
sion of AMBP was significantly decreased in all the OSCC 
cells as compared with the HaCaT cells (P=0.012; Fig. 2).

Figure 1. AMBP expression levels in HaCaT and OSCC cell lines. (A) The electrophoretic patterns of AMBP of each cell line are shown. (B) AMBP protein 
exhibited a decreased expression common among the OSCC cell lines as compared with the normal HaCaT keratinocytes. AMBP, α-1-microglobulin/bikunin 
precursor; OSCC, oral squamous cell carcinoma.
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Evaluation of AMBP functions in vitro. Following the transient 
transfection of the SAS cells with the AMBP overexpression 
vector, western blot analysis revealed that AMBP protein was 
successfully expressed in these cells. It was not transfected in the 
other cell lines . Quantitative analysis of AMBP/β-actin revealed 
that AMBP-overexpressing SAS cells had a ratio of 1.60, while 
for the mock-transfected SAS cells, this was <0.01. (Fig. 3A). 
The cell migratory and invasive ability of AMBP-overexpressing 
SAS cells was significantly decreased as compared with that of 
the mock-transfected SAS cells, as shown by wound healing 
assays (P<0.01; Fig. 3B and C) and Matrigel cell invasion assays 
(P=0.014; Fig. 3D and E). No statistically significant differences in 
cell proliferation were observed between AMBP-overexpressing 
SAS and mock-transfected SAS cells (Fig. 3F).

IHC. We examined AMBP expression in normal oral mucosa 
samples and 95 OSCC patient specimens of the tongue by IHC. 
AMBP expression was clearly detectable in the epithelium of 
the normal oral mucosa (Fig. 4A). In the OSCC specimens, 
AMBP expression tended to decrease as compared with that 
of the normal oral mucosa, and 38 cases had a low AMBP 
expression, while 57 cases had a high expression according to 
the IRS (Fig. 4B-D and Table I).

Association between AMBP expression and clinicopatho-
logical factors, and Kaplan-Meier analysis. The association 
between the clinicopathological factors and AMBP expression 
in the tongue OSCC specimens is shown in Table I. Statistically 
significant associations between the clinicopathological factors 
and AMBP expression were observed in DOI (P=0.0202), 
lymph node metastasis (P=0.0015) and mortality (P=0.0415) 
by Fisher's exact test. Kaplan-Meier analysis revealed that the 
underexpression of AMBP was significantly associated with 
poor outcomes in the overall survival rate of the 95 patients 
(P=0.0165) and in secondary cervical lymph node metastasis 
of the 58 cN0 patients who did not undergo elective neck 
dissection (P=0.0104) by the log-rank test (Fig. 5).

Hazard ratios for death in patients with OSCC of the tongue. 
We calculated the hazard ratios (HR) of certain factors, 
including age, sex, T classification, N classification, clinical 
stage, histological grade and AMBP protein expression for 

death by using univariate and multivariate Cox regression 
analyses  (Table  II). In univariate Cox regression analysis, 
T  classification [HR: 18.8; 95% confidence interval  (CI), 
4.95‑71.43), N classification (HR, 8.47; 95% CI, 2.99-23.99), 
clinical stage (HR, 7.35; 95% CI, 2.64-20.45), histological 

Figure 2. Quantification of the mRNA levels of AMBP in OSCC cell lines 
by RT-qPCR analysis. The significant downregulation of the AMBP gene 
was observed in all OSCC cell lines as compared with the normal HaCaT 
keratinocytes. AMBP, α-1-microglobulin/bikunin precursor; OSCC, oral 
squamous cell carcinoma.

Table I. Association of AMBP and clinicopathological charac-
teristics of patients with OSCC.

	 No. of patients	 AMBP expression
	 ----------------------------	 ---------------------------------------
Variable	 n=95; n (%)	 Low	 High	 P-value

Age, years
  <67	 51 (53.7)	 18	 33	 0.401
  ≥67	 44 (46.3)	 20	 24
Sex
  Male	 60 (63.2)	 23	 37	 0.671
  Female	 35 (36.8)	 15	 20
T classification
  T1, T2	 63 (66.3)	 25	 38	 1.00
  T3, T4	 32 (33.7)	 13	 19
N classification
  N0	 78 (82.1)	 30	 48	 0.589
  N1, N2	 17 (17.9)	 8	 9
Stage
  I, II	 59 (62.1)	 23	 36	 0.831
  III, IV	 36 (37.9)	 15	 21
Histological grade
  Well	 80 (84.2)	 29	 51	 0.095
  Moderate, poor	 15 (15.8)	 9	 6
Depth of invasion
  < 4 mm	 34 (35.8)	 11	 31	 0.0202
  ≥ 4 mm	 61 (64.2)	 27	 26
Vascular invasion
  Absent	 68 (71.6)	 23	 45	 0.0647
  Present	 27 (28.4)	 15	 12
Perineural invasion
  Absent	 80 (84.2)	 30	 50	 0.266
  Present	 15 (15.8)	 8	 7
Lymph Node Metastasis
  Absent	 52 (54.7)	 13	 39	 0.0015
  Present	 43 (45.3)	 25	 18
Distant Metastasis
  Absent	 79 (83.2)	 28	 51	 0.0539
  Present	 16 (16.8)	 10	 6
Mortality
  Absent	 80 (84.2)	 28	 52	 0.0415
  Present	 15 (15.8)	 10	 5

Analysis was carried out with Fischer's exact test. Values in bold indicate 
statistically significant associations (P<0.05). AMBP, α‑1‑microglobulin/
bikunin precursor; OSCC, oral squamous cell carcinoma.
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grade (HR, 6.73; 95% CI, 2.72-16.67) and AMBP expression 
(HR, 0.34; 95% CI, 0.14‑0.86) were significant factors. In 
multivariate Cox regression analysis, N classification (HR, 
6.55; 95%  CI, 1.76-24.40), histological grade (HR, 9.68; 
95% CI, 3.41-27.64) and AMBP expression (HR, 0.35; 95% CI, 
0.13-0.92) were shown to be significant risk factors for death.

Discussion

In recent years, molecular-targeted therapies have produced 
remarkable results in the treatment of various types of 

cancer (34,35). Cetuximab (36,37), an anti-epidermal growth 
factor receptor (EGFR) antibody, and Nivolumab  (38), a 
programmed cell death 1 (PD-1) inhibitor, are effective against 
oral cancer, but there are fewer molecular-targeted agents 
for oral cancers than for other types of cancer. Therefore, 
the development of additional molecular-targeted agents is 
needed, requiring the discovery of molecular markers that can 
be used for diagnosis and treatment targets.

We identified AMBP as a potential novel biomarker to 
predict the metastatic potential of OSCC using proteomic anal-
yses. AMBP is a 352-amino acid glycoprotein with a predicted 

Figure 3. Effect of AMBP overexpression in in vitro assays. (A) Western blot analyses of AMBP expression in SAS cells with transfected AMBP overexpres-
sion vector or mock DNA. (B) Representative photographs of wound healing assays using SAS cells transfected with AMBP or mock DNA. Cells are shown 
at wounding (0 h) and at 6 and 8 h later. Bar indicates 200 µm. (C) Wound healing assay by SAS cells transfected with AMBP overexpression vector or 
mock DNA. Wound area is shown at 6 and 8 h later. *P<0.05 (t-test). (D) Representative photographs of Matrigel invasion assays by SAS cells transfected 
with AMBP overexpression vector or mock DNA. Bar indicates 250 µm. (E) Matrigel invasion assay by SAS cells transfected with AMBP or mock DNA. 
*P<0.05 (t-test). (F) Cell proliferation assays by SAS cells transfected with AMBP or mock DNA. The ratio is based on the luminescence as of 0 h. AMBP, 
α-1-microglobulin/bikunin precursor; OSCC, oral squamous cell carcinoma.
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molecular weight of 39 kDa, and is normally highly expressed in 
the liver and can be detected in plasma and urine. Its precursor 
is proteolytically processed into two distinct functional proteins: 
α-1-microglobulin, which belongs to the lipocalin transport 
superfamily and plays a role in the regulation of inflammatory 
processes (39); and bikunin, which is a urinary trypsin inhibitor 
belonging to the Kunitz-type protease inhibitor superfamily 
that plays an important role in many physiological and patho-
logical processes, such as modulating cell growth, blocking 
cellular calcium uptake, and participating in inflammation (40). 
Recently, associations between AMBP or bikunin and various 
malignant tumors have been reported (18,19); however, to the 
best of our knowledge, no report for OSCC is available to date.

The present study suggests that AMBP plays an important 
role in the invasive and migratory ability of OSCC cells. This 

may be associated with the significant associatoin of AMBP 
with DOI. In addition, the underexpression of AMBP was a 
significant risk factor of cervical lymph node metastasis and 
death in the present study. Therefore, AMBP expression in 
primary tumors may be a predictive biomarker of cervical 
lymph node metastasis or a prognostic biomarker in OSCC. 
A number of previous studies on the impact of depth of tumor 
invasion in OSCC have led to a consensus that tumors with a 
larger depth of invasion are associated with an increased risk 
of cervical lymph node metastasis and a poor survival (41-44). 
If the change in the invasive and migratory ability of the cells 
by AMBP expression leads to a difference in DOI, then AMBP 
may be a reliable predictor of prognosis.

We were not able to determine the direct effects of AMBP 
on tumor cells, such as by intracellular signaling, at this 

Figure 4. Expression of AMBP in OSCC tissues. Representative expression of AMBP protein in (A) normal oral mucosa and (B-C) OSCC tissues, as deter-
mined by immunohistochemistry (IHC). (A) AMBP was strongly expressed in the basal cell layer and stratum spinosum (arrows). (B) Weak expression of 
AMBP protein in OSCC (intensity score 1); (C) moderate expression in OSCC (intensity score 2); (D) strong expression in OSCC (intensity score, 3). Bar 
indicates, 100 µm. AMBP, α-1-microglobulin/bikunin precursor; OSCC, oral squamous cell carcinoma.

Figure 5. Kaplan-Meier curves of OSCC patients estimated by the expression of AMBP. (A) Overall survival among all patients was significantly lower in the 
AMBP underexpression group (P=0.0165). (B) Secondary cervical lymph node metastasis among 58 cN0 patients who did not receive neck dissection was 
significantly higher in the AMBP underexpression group (P=0.0104). AMBP, α-1-microglobulin/bikunin precursor; OSCC, oral squamous cell carcinoma.
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time; however, there are reports indicating that the antitumor 
effects of bikunin, a degradation product of AMBP, is associ-
ated with the urokinase-type plasminogen activator  (uPA) 
and urokinase-type plasminogen activator receptor (uPAR) 
pathway or the mitogen-activated protein kinase  (MAPK) 
signaling pathway (20,21). The uPA-uPAR pathway regulates 
ECM proteolysis, cell-ECM interactions, and cell signaling 
via the plasminogen activation system, an extracellular proteo-
lytic cascade (45). MAPK is a serine/threonine kinase and part 
of a large kinase network, including extracellular regulated 
kinase 1/2  (ERK), c-Jun NH2-terminal kinase  (JNK) and 
p38 pathways. MAPK signaling regulates a variety of physi-
ological processes, such as cell growth, differentiation, and 
apoptotic cell death (46). Therefore, the uPA-uPAR pathway 
and MAPK signaling pathway may be related to the antitumor 
effect of AMBP. However, according to our results, tumor 
cell invasive phenotypes were downregulated while prolif-
eration was not changed. Thus, uPA-uPAR may play a more 
important role than MAPK. There are many reports about 
the association between the uPA-uPAR pathway and malig-
nant tumors, and several previous studies have reported that 
the uPA-uPAR pathway controls the invasion and migration 
of cells by destroying the basal membrane and extracellular 
matrix (45,47). The uPA-uPAR pathway may be available as 
a treatment target with a uPA inhibitor if AMBP affects that 

pathway (48). The underexpression of AMBP may be useful as 
a target biomarker for treatment in personalized medicine, not 
only as a predictive biomarker. However, it is considered that 
does not explained the behavior of cells only in uPA-uPAR 
pathway, and intracellular signals such as MAPK pathway may 
affect it combined.

The AMBP gene has been mapped to the 9q32-33 region 
in humans (39). The long arm of chromosome 9 is thought to 
contain some putative tumor suppressor genes that are mutated 
in squamous cell carcinoma (49). In fact, there is a report that 
some tumor suppressor genes are associated with basal cell nevus 
syndrome and Ferguson-Smith syndrome on 9q (50). There is 
also a report that 35% of head and neck squamous cell carcinoma 
patients have allelic loss of 9q (50). Therefore, we suggest that 
AMBP is one of the tumor suppressor genes in OSCC.

Limitations of the present study include the study being 
designed retrospectively with samples that were obtained from 
a single institution, and the sample size being small. Also, our 
cut-off value for AMBP expression in IHC was derived from 
previous studies (32) and has not yet been confirmed by other 
evaluation methods.

Further investigations are warranted to determine whether 
α-1-microglobulin or bikunin play an important antitumor 
role, and to elucidate the mechanisms of intracellular signal 
transduction by AMBP. Any differences in AMBP expression 

Table II. Hazard ratios for death of patients with OSCC.

	 No. of patients	 Univariate analysis	 Multivariate analysis
	 ----------------------------	 ------------------------------------------------------------------------	 -----------------------------------------------------------------------
Variable	 n=95; n (%)	 HR	 95% CI	 P-value	 HR	 95% CI	 P-value

Age, years
  <67	 51 (53.7)	 1.41	 0.58-3.42	 0.444 
  ≥67	 44 (46.3)
Sex
  Male	 60 (63.2)	 0.51	 0.21-1.23	 0.134
  Female	 35 (36.8)
T classification
  T1, T2	 63 (66.3)	 18.8	 4.95-71.43	 <0.001	 3.21	 0.37-27.64	 0.289 
  T3, T4	 32 (33.7)
N classification
  N0	 78 (82.1)	 8.47	 2.99-23.99	 <0.001	 6.55	 1.76-24.40	 0.005
  N1, N2	 17 (17.9)
Stage
  I, II	 59 (62.1)	 7.35	 2.64-20.45	 <0.001	 1.8	 0.15-21.36	 0.643 
  III, IV	 36 (37.9)
Histological grade
  Well	 80 (84.2)	 6.73	 2.72-16.67	 <0.001	 9.68	 3.41-27.64	 <0.001
  Moderate, poor	 15 (15.8)
AMBP expression
  Low	 38 (40.0)	 0.34	 0.14-0.86	 0.022	 0.35	 0.13-0.92	 0.033
  High	 57 (60.0)

Univariate and multivariate analysis were carried out with Cox proportional hazards regression model. Values in bold indicate statistically 
significant associations (P<0.05). AMBP, α-1-microglobulin/bikunin precursor; OSCC, oral squamous cell carcinoma.
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between primary tumors and lymph node metastatic lesions 
should also be examined.
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