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washing three times in ultra pure water for 10 min, the gels
were stained in 1% silver nitrate solution for 5 min. The gels
were washed in ultra pure water and in 1% sodium carbo-
nate and formalin and sodium thiosulfate for 30s each
continuously. Development was performed in a solution
consisting of 1% sodium carbonate and formalin and
sodium thiosulfate until the clearest protein spots could be
detected in each gel. Acetic acid (1%) was used to stop the
development and the stained gels were then washed twice in
ultra pure water for 5Smin. These procedures were
performed by using one container and silver stain kit (Atto,
Tokyo, Japan) to compare with gels of normal and tumor
samples under the same conditions.

2.5 Image analysis

The positions of the protein spots on the gels of OSCC
tissues and surrounding normal tissues were recorded by
using an Agfa ARCUS 1200™ image scanner (Agfa-Gevaert
NV, Mortsel, Belgium) and analyzed with Image Master
software (Image Master 2D Platinum ver. 5.0, Amersham
Biosciences AB, Uppsala, Sweden). The intensity of the
cancer tissue spots was compared with those of corre-
sponding normal tissues. Spots stained at different inten-
sities were excised from the gels and stored in 100 uL of
ultra pure water at —80°C as samples for MS analysis.

2.6 In-gel digestion

The silver stain was destained from the gel piece in a
solution containing 30mM potassium ferricyanide and
100 mM sodium thiosulfate for 10 min. After discarding the
solution, 100 L of ultra pure water was added to the tubes
and vortexed gently and left for 5min. This process was
repeated three times. After discarding the water, 250 uL of
solution containing 50% ACN, 50mM ammonium bicar-
bonate, and 5 mM DTT were added and vortexed gently and
left for 10min. This process was repeated twice. The gel
piece was dehydrated twice in 100% ACN for 30 min, and
then re-swollen with an in-gel digestion reagent containing
10pg/mL sequencing grade-modified trypsin (Promega,
Madison, WI, USA) in 30% ACN, 50mM ammonium
bicarbonate, and 5mM DTT and incubated overnight at
30°C. The samples were lyophilized overnight using
LABCONCO-LYPH-LOCK-1L  Model 77400 (Labconco,
Kansas, MO, USA). Lyophilized samples were dissolved in
0.1% formic acid.

2.7 HPLC and MS
Samples dissolved in 0.1% formic acid were centrifuged at

21500 x g for 5min and the supernatant was stored
at -80°C as samples for MS until use. An Agilent 1100
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LC/MSD Trap XCT (Agilent Technologies, Palo Alto, CA,
USA) was used for HPLC and MS. Protein identification
was performed in the Agilent Spectrum MILL MS proteo-
mics workbench against the Swiss-Prot protein database
search engine (http://kr.expasy.org/sprot/) and the
MASCOT MS/MS IonsSearch engine (http://www.ma-
trixscience.com/search_form_selecthtml). The Spectrum
Mill workbench can search MS/MS spectra using an MS/
MS ion search.

2.8 Statistical analysis

Expression levels of the proteins were quantified by
analyzing the intensity of each spot with Image Master 2D
Platinum ver. 5.0 (Amersham Biosciences AB). The differ-
ences in expression between normal and tumor tissue
samples were analyzed by a Student’s t-test. p<0.05 was
considered significant.

2.9 Western blot analysis

After SDS-PAGE containing 15 pg of protein in each well,
gels were transferred electrophoretically onto PVDF
membranes (Immobilon-P; Millipore, Bedford, MA, USA)
and blocked overnight at 4°C with TBS containing 5%
skimmed milk. Primary antibodies were anti-14-3-3 o-, which
is an affinity-purified goat polyclonal antibody raised against a
peptide mapping near the amino terminus of 14-3-3 & of
human origin (dilution range 1:200) (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA), and an anti-actin rabbit
polyclonal antibody as a loading control (dilution range 1:200)
(Santa Cruz Biotechnology). For each, membranes were
incubated overnight with the primary antibody at 4°C,
washed three times with TBS containing 0.05% Tween-20
and once with TBS and then incubated with a HRP-
conjugated secondary antibody (dilution range 1:2000) (ICN
Pharmaceuticals, Aurora, OH, USA) for 1h at room
temperature, and developed with a chemiluminescence
reagent (ECL™ Western Blotting Detection Reagents;
Amersham Biosciences, Buckinghamshire, UK).

210 | hi hemistry d :

Immunohistochemical analysis was performed by using the
avidin-biotin amplification method and the Vectastain Elite
ABC kit (Vector Laboratories, Burlingame, CA, USA) to
estimate the protein expression levels of more cancerous
tissues in four locations of the oral cavity. The used
cancerous tissues were 5 buccal cancers, 7 oral floor cancers,
15 tongue cancers, and 11 gingival cancers resected for
surgery or biopsy. Mouse monoclonal antibody anti-14-3-3 o
(Clone 1433S01) was purchased from Lab Vision (Fremont,
CA, USA). Formalin-fixed and paraffin-embedded cancerous
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Proteomics Clin. Appl. 2009, 3, 1338-1347

tissue blocks were sliced to 4 um each sections, which were
incubated overnight with anti-14-3-3 & antibody (3 pg/mL) at
4°C. Antigen retrieval was not performed. The anti-
gen-antibody complex was visualized with a 3,3-diamino-
benzine substrate kit for peroxidase (Vector Laboratories),
and counterstained with hematoxylin. Nonneoplastic mouse
skin epithelial tissue was used as a positive control. As
negative controls, normal rabbit serum was used in place of
primary antibodies. We performed the same staining with-
out primary antibodies to confirm that the staining was not
nonspecific caused by only secondary antibodies. They were
classified into two groups: +, positive carcinoma cells and —,
not immunoreactive. Hematoxylin and eosin staining was
also performed by using the sections of the same area.

2.11 RT-PCR

Total RNA was isolated from gingival squamous cell carci-
noma (SCC) tissues and adjacent nonmalignant gingival
tissues by 300 uL Sepazol RNA I Super (Nacalai Tesque,
Kyoto, Japan); raw tissue samples were homogenized with
tissue Ruptor homoginizor (QIAGEN KK, Tokyo, Japan) for
40s. Immediately, total RNA was isolated from primary
tumor tissues by using RNeasy Fibrous tissue Mini Kit
(QIAGEN KK). cDNAs were synthesized from 200ng of
total  RNA using QuantiTectR Reverse Transcription.
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Reverse transcription was carried out for 15min at 42°C,
and then PCR was performed using the TOYOBO Blend
Taq (TOYOBO, Osaka, Japan). For the determination of
14-3-3 o cDNA content, a 25 pL reaction mixture consisted
of 23 pL Blend Taq master mix, 0.5uM each primer, and
1 uL of template cDNA were prepared. The PCR conditions
were as follows: initial denaturation at 94°C for 2min, and
followed by cycles with denaturation at 94°C for 30s,
annealing at 55°C for 30s, and extension at 72°C for 1 min,
and then final extension at 72°C for 2 min. 14-3-3 & specific
primer was designed as follows: 5'-cggtgacgacaagaagcgcatca-
3’ and 3'-ccccctettecceggegtt-5' (310bp). GAPDH specific
primer was designed as 5'-gcatggccttcegtgteee-3' and
3'-gccagececagegtcaaag-5'. cDNA from Hela cell was used as
a positive control, and water blank was used as a negative
PCR control. PCR was performed using RT product without
RT as template to check genomic DNA contamination.

3 Results

3.1 Detection of protein spots on 2-DE gels

Figure 1 is a typical 2-DE gel image of intracellular proteins
from the oral floor SCC tissue and adjacent normal oral

floor mucosa tissue. More than 300 protein spots were
separated in a 85 x 6cm® gel, with molecular weights

A 1IEF 4 5 6 7 IEF 4 5 6 7

Figure 1. 2-DE gel pattern of
representative oral cancer
@ and normal oral mucosa. (A)
s ] % 2-DE patterns of intracellular
M §_. B proteins in oral floor SCC
ax 2 é tissue and normal oral floor
i mucosa tissue were visua-
2 lized using silver stain. The 2-
DE pattern of cancerous
tissue is on the left and that of
normal tissues is on the right.
Each gel including 50mg
§ protein showed more than
300 spots. Ten protein spots
were overexpressed more
B Aread <cancer> <normal> C Area B Macrophage capping protein highly in OSCC samples than
<cancer> in  normal samples. (B
Proliferating el _ N - and C) Comparison of spots
nuclear antige} between cancer and normal
14-3-3 protein epgilon — - 2 -— g tissue in the oral floor region.
14-3-3 protein sigma —-4F 3 4% (B) Detailed 2-DE images of
Prolessome subupit =>4 et area A and (C) detailed 2-DE

alpha type 5 : %
- 5 -y images of area B in (A).
/ <normal>  Detailed 2-DE image of
cancerous tissue is in the left

Translationally controlled tumor protein

Eukaryotic translation initiation factor 3 subunit
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side and normal tissue is in
the right side. Numbers with
an arrow correspond to spot
no. in Table 2.
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ranging from 10 to 205kDa and pl from 4 to 7. We
performed proteomic analysis in four kinds of oral SCC
tissues (buccal mucosa, oral floor, tongue, and gingiva). The
patterns of the protein spots among these four types of
SCCs were totally different, suggesting that different
proteins and functional pathways may be involved in these
four kinds of SCCs. We focused on the two areas in squares,
whose areas have a comparatively similar pattern, and
whose expression levels of protein spots are different
between normal and tumor tissue samples (Fig. 1). Analysis
of the expression level for each protein was performed by
using Image Master 2D Platinum ver.5.0. Figure 2 shows
the quantified intensity of each spot. Table 2 lists the
proteins identified by LC-MS/MS and database searching.
The protein of spots no. 2 and 3 was 14-3-3 protein family &
and o, respectively. The protein of spots no. 7 and 8 was
macrophage-capping protein. The protein of spots no. 9 and
10 was isocitrate dehydrogenase (NAD) subunit o. Figure 3
shows MS and MS/MS spectra of 14-3-3 & (spot no. 3).

Proteomics Clin. Appl. 2009, 3, 1338-1347

3.2 Immunoblot analysis of 14-3-3 ¢ in each location

Western blotting of 14-3-3 ¢ was performed for four loca-
tions, and its expression level of 14-3-3 o was shown to be
upregulated (Fig. 4).

33 | hi hemistry d

As shown in Fig. 5, the majority of OSCC tissues were
immunohistochemically positive for 14-3-3 o proteins. The
positive frequency of 14-3-3 o protein is 100% (5/5) in
buccal mucosa, 100% (7/7) in the oral floor, 100% (19/19) in
the tongue, and 88% (16/18) in gingival mucosa. Panel A
shows the images of normal buccal mucosa, mild dysplasia,
carcinoma in situ, and buccal SCC. Panel B consists of
images of normal gingival mucosa, poorly differentiated,
moderately differentiated, and well-differentiated gingival
SCC. As shown in panel C, diffuse immunoreactivity was

<Oral floor>
<Buccal mucosa>
250
7
200
o Es
g 150 i
3 100 © [
[ 1 A, l
% i I Ly i i
i I ! || ‘ ‘ | H ll ‘l ‘l ‘ | ! Figure 2. Expression analysis of
R N T o2 3 s 6 7 8 9 10 11 12 ten proteins. Expression levels
Spot no. Spot no. of proteins were quantified by
- analyzing % volume, ie. the
18 <Gingiva> intensity and area of each spot.
16 <Tongue> The white bars represent

normal tissues and black bars

repi

—

cancer tissues. The
in ion

% volume

between cancer and normal

tissue were analyzed by a

Student’s ttest. The data are
expressed as the mean number
of each protein+SD. *p<0.05
is significant.

Table 2. Identification of proteins that are expressed differentially between cancerous and noncancerous tissues

Spot Mass (Da)/p/ Accession no. Protein name
1 28769/4.57 P12004 Proliferating cell nuclear antigen
2 29174/4.63 P42655 14-3-3 protein epsilon
3 27774/4.68 P31947 14-3-3 protein sigma
4 26 469/4.69 P28066 Proteasome subunit o type 5
5 19595/4.84 P13693 Translationally controlled tumor protein
6 36502/5.38 Q13347 Eukaryotic translation initiation factor 3 subunit
7 38517/5.89 P40121 Macrophage-capping protein
8 38517/5.89 P40121 Macrophage-capping protein
9 39592/6.47 P50213 NAD subunit o, mitochondrial
10 39592/6.47 P50213 NAD subunit o, mitochondrial
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14:3-30 1D WB (ECL)
C c N c N c N
well {- — - - MJMD-

samplel

sample2 sampled sampled

<Buccal>

B 14-3-30 2D WB (ECL Plus)

sample1
moderately

samplel
‘moderately

sample2
sample2
moderately moderately

sample3 sample3
Poorly moderately

C <Gingiva> N C <rongue> N

Figure 4. Immunoblot analysis of 14-3-3 o protein. Lysate of
15mg protein was loaded per well in four differential locations.
In the buccal mucosa, 14-3-3 o protein expression level was
obviously upregulated at 29kDa. There were differences in
14-3-3 o protein expression levels between cancerous tissue and
normal tissue in oral floor, gingival, and tongue samples.

also detected overall in the epithelium layer, and immu-
noreactivity of 14-3-3 ¢ was strongest in the poorly differ-
entiated cancer region, its immunoreactivity becoming week
with a transition from poorly, moderately, and well-differ-
entiated cancer to normal tongue mucosa.

3.4 The expression level of 14-3-3 ¢ mRNA between
gingival SCC tissues and adjacent nonmalignant
gingival tissues

Next, semi-quantitative RT-PCR analysis for 14-3-3 6 mRNA
was performed on gingival SCC tissues and adjacent
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nonmalignant gingival tissues. There was no significant
increased expression of 14-3-3 o mRNA in gingival SCC
tissues (Fig. 6).

4 Discussion

The upregulated protein information can be produced by
proteomic analysis for better understanding of carcinogen-
esis and pathogenesis in a global way, which in turn is a
basis for the rational design of diagnostic and therapeutic
methods.

The expression levels of HSP60, HSP27, o B-crystalline,
ATP synthase P, calgranulin B, myosin, tropomyosin, and
galectin 1 in oral tongue SCC, and those of SCC antigen, G
protein, glutathione S-transferase, manganese and galectin
7 in oral buccal SCC were consistently found to be signifi-
cantly altered in carcinoma tissues when compared with
their paired normal mucosa [7, 8]. In this study, we analyzed
the protein expression profile in 16 human samples of
OSCC and corresponding noncancerous oral mucosa
tissues. Eight proteins were identified as follows.

Proliferating cell nuclear antigen (PCNA) is an auxiliary
protein of DNA polymerase & and is involved in the control
of eukaryotic DNA replication by increasing the poly-
merase’s processibility during elongation of the leading
strand. PCNA exists in the nucleus and forms a homo-
trimer. The overexpression of PCNA in cancer tissues was
reported in some articles 28, 29].

14-3-3 & and ¢, which are 14-3-3 families, were the first
signaling molecules to be identified as discrete phospho-
serine/threonine-binding modules. This protein family,
which includes seven isoforms (B, v, {, ©, €, 1, 1) in human
cells, plays critical roles in cell signaling events that control
progress through the cell cycle, transcriptional alterations in
response to environmental cues, and programmed cell death

www.clinical.proteomics-journal.com
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<Normal buccal mucosa> _
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B

<Gingiva>

310bp

M c N ¢

N H0 Hela

RT(+)
25 cycles

RT(-) RT(+)

20 cycles

GAPDH

310bp
RT(+)

M Cc N C N

RT(+) RT(+)

Figure 6. S RT-PCR lysis for 14-3-3 o in
OSCC. Ethidium bromide-stained agarose gel shows the RT-PCR
products corresponding to 14-3-3 o (310 bp) transcripts. PCR was
carried out for 20, 25, and 30 cycles. cDNA from Hela cell was
used as a positive control, and water blank was used as a
negative PCR control. PCR was performed using RT product
without RT as template, to check genomic DNA contamination.
C, cancerous tissue and N, nonmalignant tissue.

[30]. All 14-3-3 proteins bind to phosphoserine/phospho-
threonine-containing peptide motifs corresponding to the
sequences RSXpSXP or RXXXpSxP. 14-3-3 ¢ is a multi-
functional regulator of the cell signaling processes mediated
Dby tyrosine and tryptophan hydroxylases and protein kinase
C. 14-3-3 ¢ was originally identified in squamous epithe-
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<Tongue>

Figure 5. Inmunohistochemistry
of 14-3-3 o in OSCC. Repre-
sentative images of immunohis-
tochemistry for 14-3-3 o. (A, B,
and C) show immunohistochem-
ical images of buccal, gingival,
and tongue SCC, respectively.

lium. 14-3-3 ¢ has been a major G2/M checkpoint control
gene and maintains the dual-specificity phosphate Cdc25C
[31]. Some articles demonstrated that its inactivation in
various cancers occurs mostly by epigenetic hypermethyla-
tion and not by genetic change. Epigenetic silencing of
14-3-3 © has been detected at a high frequency in the
carcinoma of breast [32], ovary [33], endometrium [33],
prostate [34], skin [35], lung [36] and liver [37], head and
neck cancer cell lines [38]. Downregulation and epigenetic
hypermethylation of 14-3-3 o were reported for OSCC
[39—41] and vulval squamous neoplasia [42]. In these cases
tumor tissues were very close to HPV-infection. On the
other hand, articles about the expression level of 14-3-3 &
showed some opposite results in each human cancer.
Curiously, 14-3-3 o is upregulated in lung carcinoma [43],
head and neck squamous cell carcinoma [44], and oral
buccal mucosa SCC [8]. From our results of 2-DE, IHC, and
WB, 14-3-3 o protein appears to be relatively more upre-
gulated in cancer tissues than in normal tissues. Although
we did not investigate HPV-infection state for patients, the
opposite results may relate to HPV-infection state. In our
case RT-PCR results did not show the downregulation of
mRNA level for 14-3-3 o. Chen et al., also reported that
strong overexpression was observed with both intact mole-
cules as well as phosphorylated and truncated forms of
14-3-3 o in the human buccal SCC [8]. In our study,
14-3-3 © protein was not phosphorylated, but it did oxidize
methionine at the 22nd, 26th, and 155th positions to
become methionine-sulfoxide. Although the sequence for
the fragment of (K)LAEQAERYEDMAAFMK(G) showed
1902.8724 Da (MH™ Matched), 0.8630 Da (MH " Error) and

www.clinical.proteomics-journal.com



Proteomics Clin. Appl. 2009, 3, 1338-1347

4.59e+009, that of (K)LAEQAERYEDmMAAFmK(G) showed
1902.8724 Da (MH " Matched), 32.7530 Da (MH " Error) and
1.52e+008. Although the sequence for the fragment of

(R)SAYQEAMDISKK(E) showed 1370.6620Da (MH"
Matched), 0.4707 Da (MH" Error) and 1.91e+009, that of
(R)SAYQEAmDISKK(E) showed 1370.6620Da  (MH*

Matched), 16.2507 Da (MH" Error) and 8.34e+008. As far
as we know, only one article about carcinogenesis reported
that in the serum of knockout mice deficient in hepatic
AdoMet synthesis (MAT1A™/7), as well as in patients with
HCC, isoform 1 of three apolipoprotein A-I isoforms is
upregulated in the serum. Characterization of isoform 1 by
electrospray MS/MS revealed specific oxidation of methio-
nine 85 and 216 to methionine sulfoxide while the sequence
of the analogous peptides on isoforms 2 and 3 showed
nonoxidized methionine residues [45]. The role of methio-
nine residues in proteins has not been well defined, but a
review of available studies leads to the conclusion that
methionine, such as cysteine, functions as an antioxidant
and as a key component of a system for regulating cellular
metabolism. Methionine is readily oxidized to methionine
sulfoxide by many reactive species. The oxidation of surface-
exposed methionines thus serves to protect other function-
ally essential residues from oxidative damage [46]. This
report agrees with our result. The 14-3-3 ¢ gene was over-
expressed in head and neck SCC using a combination
of complementary DNA subtraction and microarray analysis
[44]. 14-3-3 o is a multifunctional protein known to
have 117 binding partners (e.g. proteins involved in onco-
genic signaling, regulation of cytoskeletal dynamics, polar-
ity, adhesion, mitogenic signaling, and motility) [47].
Upregulation of 14-3-3 ¢ protein is suggested to be caused
by another function besides its function as a p53 target
molecule.

Proteasome subunit o type 5 is one of the multicatalytic
proteinase complexes, which is characterized by its ability to
cleave peptides with Arg, Phe, Tyr, Leu, and Glu adjacent to
the leaving group at neutral or slightly basic pH [48].

Translationally controlled tumor protein, known as an
IgE-dependent histamine-releasing factor, is a growth-rela-
ted tumor protein. Translationally controlled tumor
protein is a housekeeping gene that is involved in tumor
growth [49].

Eukaryotic translation initiation factor 3 subunit binds to
the 40S ribosome and promotes the binding of methionyl-
tRNAi and mRNA. The human tumor marker protein p150
was identified as the largest subunit of eukaryotic transla-
tion initiation factor 3 (also known as p170/p180). Its
expression level is not only upregulated in many trans-
formed cell lines, but also in several human cancers
including breast, cervical, esophageal, and stomach carci-
nomas [50]. The function of p150 in cancer and initiation of
translation are not well understood.

Macrophage capping protein is a unique member of the
gelsolin—villin family of calcium-activated barbed end
capping proteins which in micromolar Ca*" also binds actin
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monomers and nucleates actin assembly. Unlike gelsolin,
Macrophage capping protein cannot sever actin filaments,
and its Ca’*-dependent interaction with actin is completely
reversible. This protein exists in macrophages and macro-
phage-like cells.

The NAD subunit o exists in mitochondria and shows
catalytic activity: Isocitrate+NAD " = 2—oxoglutarate+CO, +
NADH. This protein has no report about the function
according to carcinogenesis.

Upregulation of intracellular proteins cancer
tissues compared with surrounding normal tissues sugges-
ted two possibilities. One is the quantitative increase of
protein produced. Another possibility is the acceleration of
protein degradation. Therefore, it is also important to
compare protein expression levels with gene expression
levels.

In this study, we analyzed the protein expression profile
in human 16 samples of OSCC. Further studies are required
with more tissue samples to differentiate more clearly the
protein expression level between normal and cancerous
tissue. However, the proteins identified in this study may
play an important role in human OSCC carcinogenesis and
progression.
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