Table 5. Distribution of epithelial tumors by sex and age group (years)

0-19 20-29 30-39 4049 50-59 60-69 70-79 80-89 90-99 Total
Male 3 8 38 98 225 298 288 79 14 1051
Female 0 12 25 4 98 173 229 119 26 726
Total 3 20 63 142 Eri) 471 517 198 40 1777
*Numbers show numbers of patients
Table 6. Distribution of nonepithelial tumors by sex and age group (ycars)

0-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 Total
Male r 0 1 1 T 4 4 2 1 20
Female ] 2 3 0 3 3 0 0 12
Total ] 2 4 2 T 7 £ 2 1 32
*Numbers show numbers of patients
Table 7, Distnit of tumor | by sex

Lip Tongue Gingiva Oral Palate Buccal Maxillary  Jawbone Oral Major salivary  Total
floor mucosa SiNus cavity gland
Malc 13/0 4681° 281/10 1210 193 99/0 313 4/3 20 10/0 1054/20
Female 51 26110 295/8 421 232 85/0 10/0 10 i 710 730412
Total 180 7291 576/18 163/1 425 184/0 473 53 3 1710 1784/32
*Epithelial tumors / Nonepithelial tumors
Table 8. Average age at the first consultation, by tumor location
Location Lip Tongue Gingiva Oral  Palaic  Buccal Maxillarysinus ~ Jawbone  Oral Major salivary
floor mucosa cavity  gland
Avcrage age (years) 696 62.0 68.1 646 693 69.1 64,1 438 62.5 57.9
Number of tumors 18 T30 594 164 47 184 50 8 4 17
Table 9. Number of cpithelial tumors by location
Location Lip (18) Tongue (729) Gingiva (576)  Oral floor (163) Palate (42)
Upper lip Lower lip Labial Dorsal Lateral Ventral Anterior Upper Lower Antcrior Lateral Not Hard
commisure tongue tongue tongue 23 gingiva gingiva specificd palate
v 9 7 7 579 m 32 214 362 93 52 18 42
Buccal mucosa (184) Others Jawbane and sinus (51) Major salivary gland (17) Total
(4)

Buccal Upper Lower Gingiv-buccal Retro Oral  Maxillary Maxilla Intra osscous  Mandible Parotid Subman- Sublingual
mucosa  lip lip sulcus molar cavity sinus {mandible) dibular
128 T 4 23 2 4 46 1 3 1 9 [ 2 1784

Age, sex, and primary tumor location for epithelial and
nonepithelial tumor cases

Epithelial tumor cases

Epithelial tumors were observed in 1777 patients (98.2%),
1051 males (59.1%) and 726 females (40.1%; male: female
ratio 1.45:1; Table 5). The average age at the time of the
first consultation was 65.3 + 13.9 years (range, 12-98 years).
The age of female patients was significantly higher (67.8 £

14.3 years) than that of male patients (63.6 + 13.1 years; P
<0.05). Primary tumor locations in these patients showed a
tendency similar to that in all of the patients investigated,
as tumor incidence was higher in order of the tongue (n =
729; 40.9%), gingiva (n = 576; 32.4%), buccal mucosa (n =
184; 10.3%), and oral floor (n = 163; 9.1%: Table 9).

As for the histopathological diagnosis, squamous cell
carcinoma Not otherwise specified (NOS) (8070/3) ac-
counted for the largest proportion (n = 1282; 71.9%) of the
1784 epithelial tumors studied. However, when 329 tumors
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is of epithelial umors

Table 12. TN classification of M1 cases

Table 1. Hisiopathological diagr

Histopathological diags No. of tumors T2 T T4 Total
B0O00/3 (Neoplasm, malignant) 13 NO z 1 2 5
S010v3 (Carcinoma, NOS) 5 N1 1 2 1 4
B020v3 (Carci undiff d, NOS) 2 N2a—< 1 1 2 4
805173 (Verrucous carcinoma, NOS) 52 N3 0 0 4 4
BU52/73 (Papillary squamous cell carcinoma) 4 Total 4 1 9 17
807072 (Squamous cell carcinoma in situ. NOS) 27
807043 (Squamous cell carcinoma, NOS) 1282 *Numbers show numbers of tumors
807173 (Sqnamom cell carcinoma, keratinizing, NOS) 273
BOTVA( S cell i large cell, 11
nmllr.crlnnmng} = ;. . e
8073/3 (Squamous cell carcinoma, small cell, 7 T:Hg 13. Distribution of T classification of epithelial tumors by
nonkeratinizing) location
8074/3 (Squamous cell carcinoma, spindle cell) -
8076/2 (Squamous cell carcinoma in situ with 1 0 DT 02 e AT
qucs:]:mablc stro;:;l invasion) ) : Lip * o 1 6 | 00 18
8076/3 (Sq st T Tongue o 2 245 339 93 S0 0 729
814073 (Adenocarcinoma, NOS) 19 b - A 4 - S S
S0/ Sstenend oyetic carciuNtie) 2 Oral floor 0 0 35 8 16 30 0 163
843003 (Muwcpldennmd cammm] 31 Pal 0 0 2 15 g 15 .1
47073 (Mucinous ¢ NOS) 2 by i
855073 (Acinar cell ;ltunmm] I Buccal mucosa 1 1 3 2 2 3O 184
856073 (Adenosquamous carcinoma) 2 Maxillary sinus 0o 0 1 6 17T 20 46
894073 (Mixed tumor, malignant, NOS) 2 Lt s B TR it e .
8980/3 (Carcinosarcoma, NOS) 1 » "s‘:",!' 5" 3 MRl '
898273 (Myocpithelial camnoma, NOSI 1 Major salivaey ghed
927003 (Ode tumor, g (] Total 1 4 410 765 230 371 3 1784
“Numbers show numbers of tumors
Table 11. TN Classification of epithelial tumors
NO NI  N2a N2 N2 N3 NX Total Was predominant in 11 cases, followed by squamous cell
carcinoma keratinizing NOS (8017/3) in 2 cases, and verru-
T0 1* 0o o 0 0 0 0 I cous carcinoma NOS (8051/3), adenocarcinoma NOS
:::’l’ 33‘: lg 'i' g 2 g g “; (8140/3), adenoid cystic carcinoma (8200/3), and adeno-
P 52 136 8 29 15 0 5 765 Squamous carcinoma (8560/3) in 1 case each.
i ) 126 43 6 4 13 1 0 230 In a comparison of T classification by location, the initial
Ta 42 79 I8 M 9 ? 371 stages TO, Tis, T1, and T2 accounted for the majority of the
":x 2 o ¢ 0 a 0 1 3 tumors in the lip, tongue, palate, and buccal mucosa, while
Towl 1228 274 3 M5 76 10 17 1784 yhey accounted for half of those in the gingiva. In contrast,
*Numbers show numbers of advanced stage cases accounted for the majority of tumors

of other types (8052/3, 8070/2,8071/3, 8072/3, 807373, 8074/3,
807672, and 8076/3) were included in the analysis, 1611
tumors were squamous cell carcinoma (90.3%). Among
salivary gland tumors, adenoid cystic carcinoma (8200/3)
had the highest incidence (n = 39; 39.4%) followed by
mucoepidermoid carcinoma (8430/3) (n = 31; 31.3%) and
adenocarcinoma (8140/3) (n = 19; 19.2%:; Table 10).

As for T classification, T2 was predominant (n = 765;
42.9%), followed by T1 (n = 410; 23.0%), T4 (n = 371;
20.8%), and T3 (n = 230; 12.9%). For N classification, N0
was predominant (n = 1228; 68.8% 69.1), followed by N1 (n
=274:15.4%), N2 (n =255, 14.3%), and N3 (n = 10; 0.6%).
For TN classification, T2ZN0 was the highest (n=572:32.1%),
followed by TINO (1 = 381; 21.4%), T4ANO (n = 142; 8.0%),
and T2NI (n = 136; 7.6%; Table 11). For M classification,
M1 was observed in 17 cases (1.0%), which were classified
by TN classification as follows: 4 cases of T2, 4 cases of T3,
and 9 cases of T4. N classification does not contribute to M
classification (Table 12). As for histopathological diagnosis
of the M1 cases, squamous cell carcinoma NOS (8070/3)

located in the maxillary sinus, jawbone, and major salivary
gland (Table 13).

Nenepithelial tumors Thirty-two nonepithelial tumors were
observed in 32 patients (1.8%), none of whom had multiple
tumors. Twenty of these patients (62.5%) were men and 12
(37.5%) were women (Table 4). Their average age at the
first consultation was 59.2 + 16,5 years (range, 27-92 years).
Further, the average age of male patients was 63.0 + 14.0
years and that of females was 52.9 £ 18.9 years.

The location of the primary site was in the maxillary
gingiva for 10 tumors (31.3%), while the maxilla had the
majority (n = 19; 59.4%) when 4 umors (12.5%) found in
the maxillary sinus and 5 (15.6%) in the hard palate were
added. The mandibular gingiva followed, with 8 tumors
(25.0%; Table 14). As for the histopathological diagnosis,
malignant melanoma (8720/3) accounted for the largest
proportion (n = 13; 40.6%), followed by malignani lym-
phoma (9590/3, 9670/3, 9680/3) (n = 8; 25.0%: Table 15).
The size of the tumors ranged from 1 to 7 cm, and averaged
3.7 cm (median, 4 cm). None of the nonepithelial tumors
was described by M classification as M1.
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Location Tongue (1) Gingival (18) Oral floor (1) Palate (5) Jawbone and maxillary sinus (7) Total
Lateral Maxillary Mandibular Anterior Hard Maxillary  Imraosscous  Mandible
tongue gingiva gingiva palate sinus
1 10 8 1 5 4 2 1 32

Table 15. Histopathological di

(-~ s

MMe FS MFH LS AS OS MCS ML MMy PCI Total

is of nonepithelial tumors

13 1 2 2 1 1 1 8 2 1 32
Mme, mali I

2 ma; FS, fib MFH, malignant fibrous
histiocytoma; LS, lciomyosarcoma; AS, angiosarcoma; O5, ostcosar-
coma; MCS, mesenchymal chondrosarcoma: ML. malignant lymphoma:
MMy, multiple myel PC, pl

oina

Discussion

The incidence of cancer in the oral and maxillofacial region
varies greatly depending on country, region, and ethnic
group.’ Even within the same country and region, incidence
by location of primary tumors varies over time." In Japan,
a nationwide survey' (hereinafter referred to as the 1986
National Survey) was made of 1508 patients treated at 109
oral surgery institutions in fiscal 1986, 16 years prior to the
present survey. In addition. the registration of malignant
head and neck tumors (hereinafter referred to as the Nara
Prefecture Survey) was conduced as a regional cancer reg-
istration in Nara Prefecture.” In the 1986 National Survey,
patient occupation, route of referral, family history of
cancer, and comorbidity were investigated.

The present investigation was conducted using the reg-
istration form for Head and Neck Cancer (for initial regis-
tration) prepared by the Japan Society for Head and Neck
Cancer. In this survey, social background and previous dis-
eases were not investigated. As in the 1986 National Survey,
the present subjects were patients who had a checkup at a
member institution during the 1-year period from January
to December 2002, and the survey did not include those
who consulted other institutions. Further, 319 registration
forms were excluded due to incomplete descriptions.
Accordingly, the results of this survey did not cover all oral
cancer cases in Japan for the year of study. However, we
consider that the findings provide a description of patients
who were diagnosed and treated by oral surgeons.

Participating institutions

In comparison to the 1986 National Survey, the number of
institutions that participated in the present survey was
increased, as registration forms were returned by 148 insti-
tutions. Further, participation by departments of dentistry
and oral surgery in general hospitals increased. though the
number of patients per institution varied widely, from 1 to
59, Characteristically, dental colleges and medical colleges
reported nearly the same number of patients, while general

hospitals had fewer. We consider that this might be because
of the recent increases in numbers of supervisory and spe-
cialist oral surgeons, and increases in the number of institu-
tions, as society members, that deal with oral cancers.

Age and sex

The incidence of cancer in the oral and maxillofacial region
was more frequent in older patients, It has been frequently
reported that the average age at the first consultation
was in the 60s for both men and women,""* though other
reports have noted that cancer cases were more frequently
observed in younger patients, in their 40s and S0s.'"
However, in a study that compared age over time, it was
generally concluded that the number of older patients was
increasing."’

In the 1986 National Survey, patients in their 50s and 60s
accounted for the largest proportions, at 25% each, fol-
lowed by those in their 70s. In the present survey, patients
in their 70s were predominant, accounting for 29.0%,
indicating an increasing tendency for elderly patients.
Especially in women, the number of patients in their 80s
was larger than that of those in their 50s, showing an appar-
ent aging trend. In Japan, in patients with cancer in all
locations, the ratio of elderly patients (over 70 years old) is
tending to increase; it was 39% in 1985 and had increased
to 47% in 2000, while it was expected that this proportion
would increase to 52% in 2005." As for oral cancer, the
proportion of patients over 70 years old was 29.3% in the
1986 National Survey and 42.3% in the present investiga-
tion. Thus, it was confirmed that oral cancer is increasing
among clderly individuals, similarly to other types of cancer.
However, a variety of discases often coexist in elderly
cancer patients, which makes standard treatment difficult
and necessitates individualized therapy choices.

Shiboski et al.” reported that the proportion of younger
patients aged 20-44 years with cancer of the tongue and
palatine tonsil was on the increase in the United States. In
Scandinavian countries, it was also noted that the number
of younger patients with cancer of the tongue showed an
increasing tendency.” In Japan, patients aged 49 years and
vounger accounted for 18.1% of the total in the 1986
National Survey, while this age group accounted for 13.0%
in the present survey. Further, the number of patients aged
45 years or younger in the present survey amounted to 142
(7.8%), which was a slight decrease from the previous
survey. Llewellyn et al."” reported that the risk factors for
oral cancer in patients aged 45 years or younger were
smoking that started at a young age (16 years or younger)
and excessive alcohol intake, especially for males, while the



226

risk factors for females were reported to be hereditary
predisposition, virus infection, and sexual activity." In the
present survey, no investigation was made regarding habits
such as smoking and drinking, though these factors should
be examined in a future survey.

Tarvainen et al.’ reported that age at the first consulta-
tion was slightly higher in patients with lip cancer than in
those with cancer at other sites of the oral cavity, while
Hogan et al.” found that age was higher, in the descending
order, for cancer of the buccal mucosa, lip, and gingiva.
Further, Howell et al." noted that the proportion of patients
aged 70 years or older was highest for cancer of the gingiva,
followed by lip cancer. In the present survey, the proportion
of patients aged 70 years or older was higher, in descending
order, for cancer of the lip, buccal mucosa, and palate,
confirming that, for patients with lip cancer, the average age
at the first consultation was high. However, it was impossi-
ble to determine the cause of the high age at first consulta-
tion in patients with lip cancer on the basis of the present
results, A previous report' suggested that there were rela-
tionships between the incidence of lip cancer and exposure
to ultraviolet light and smoking rate, features which should
be examined in a future study.

In the 1986 National Survey. the ratio of males to
females among patients with cancer in the oral and maxil-
lofacial region was 1.67:1. However, this ratio varies
widely; lamaroon et al" reported it to be 1.3:1, and
Rawashdeh et al.,” Ravi et al.," and Hogan et al." reported
ratios of 1.77:1, 3.27:1, and 1.73:1, respectively. Shimizu"’
compared survey results for the period from 1930 to 1960
with those of the 1986 National Survey and noted that the
ratio of males tended to be higher in the latter survey.
Meanwhile, Howell et al." found that the ratio of female
patients was increasing over time. In the present survey,
the ratio of males to females was 1.45:1, which indicated
a slightly higher ratio of female patients as compared to
that in the 1986 National Survey. The cause of this increase
is not known, though we consider that the following factors
may be involved. The age distribution in the present
survey, with elderly patients aged 70 years or older
accounting for 40% of the subjects, was slightly higher than
in the 1986 National Survey. In addition, the proportion
of female patients was also higher, and it has been shown,
in a national nutrition survey' conducted by the Ministry
of Health, Welfare and Labor of Japan, that the smoking
rate among females has increased slightly, while that of
males has decreased. It is considered necessary (o continue
this type of survey over time.

For the ratio of males to females by tumor location, there
have been reports that the male ratio was higher among
paticnts with lip cancer,’ whereas that of females tended
to be higher among those with cancer of the gingiva and
salivary gland as compared to patients with cancer at other
sites.' However, in Japan, cancer of the gingiva, especially
the lower gingiva, is frequently seen in male patients.” In
the present survey, cancer of the lip tended to occur more
frequently in males, while that of the gingiva occurred more
frequently in females. The factors that affect the ratio of
males to females by tumor location are considered to be

wide-ranging, and the present results could not elucidate
those details.

Primary location

The incidence of oral cancer by primary location varies
depending on the geographic region. Some reports have
noted the tongue™ " as the primary site, while others note
the lip*"* and buccal mucosa."” Tarvainen et al* reported
that the incidence of lip cancer in males had declined
recently, and cited decreases in the smoking rate and in the
number of outdoor workers as contributing factors. It was
also reported that in regions where the incidence of cancer
in the buccal mucosa was frequent, such as Karachi, Paki-
stan, the discase might be caused by the consumption of
local foods such as betel quid, and that the incidence showed
an increasing tendency in both males and females. espe-
cially among younger individuals.” In Japan, cancer of the
tongue was reported to be the most frequent type of oral
cancer in both the 1986 National Survey and the Nara Pre-
fecture Survey. In the present survey, cancer of the tongue
had the highest incidence (n = 730:40.2%).

Kawabe et al.” reported that 29 of 200 cases of oral
cancer developed into multiple cancer, while Kawakami
et al.” found that of 164 patients with cancer in the oral and
maxillofacial region, 38 (23.2%) had multiple primary
cancers and 12 had multiple cancers. Further, Saikawa and
Ebihara™ reported that, of 984 patients with oral cancer, 5
demonstrated simultaneous double cancers, with both the
first and second tumors located in the oral cavity. In the
1986 National Survey, it was shown that there were 13 cases
(0.9%) of multiple cancers in more than two locations. In
the present survey, multiple cancers were found in 6 patients
(0.3%), similar to the low incidence found in the 1986
National Survey. However, it is likely that metachronous
multiple cancer was not included, as that survey period
was only 1 year. In the present survey, of the paticnts with
multiple cancers, 1 patient was aged 60 years and the others
were older than 75. We consider it necessary to diagnose
and treat elderly patients by taking multiple cancers into
consideration.

Histopathological diagnosis

In the histopathological diagnosis of cancer in the oral and
maxillofacial region, it has been frequently reported that
squamous cell carcinoma was predominant, followed by
salivary gland carcinomas and malignant lymphoma consist-
ing mainly of adenoid cystic carcinomas."”*'*** In the
present survey, squamous cell carcinoma was the major
type, at 90.3%. For other types of cancer, salivary gland
tumors originating in the minor salivary gland were fre-
quently observed, though the incidence of salivary gland
tumors was low in comparison to that in other reports. As
for the reason for this low incidence, we considered that, in
some of the cases with tumor location not noted in the
registration form, the tumors were actually located in the
salivary gland.



TNM classification

The number of cases by TNM classification and stage clas-
sification varies widely depending on the country, region,
and institution. In Japan, cases classified as T2 and stage 11
are the most frequent.** However, the majority of patients
in developing countries and regions are reported to be those
with advanced cancer.*"*¥ Carvalho et al™ compared the
clinical features of patients with cancer in the oral and
maxillofacial region between patients in developing and
developed countries, and reported that the advanced type
of cancer was more frequent in the former. Scott et al.™
compared the incidence of early-stage and advanced-stage
cancer in a United States population, and reported that
early-stage cancer was significantly more frequent among
females and married individuals, whereas advanced-stage
cancer was more frequent in the nonwhite population. In
the present study, no investigation was made regarding
social factors such as occupation, home town, and marital
status, In future investigations, to aid in earlier detec-
tion, we intend to take a wider variety of factors into
consideration.

As for TN classification in the present survey, T2NO
cases were predominant, followed by TINO cases; thus, so-
called early cancer, such as stage I and stage 11, accounted
for the majority. In comparison to the 1986 National Survey
results, the proportion of T1 and T2 cases had increased
slightly, with the proportion of T2 cases the greatest, while
that of T3 and T4 cases had decreased. Similar to findings
for tongue cancer cases reported in the Nara Prefecture
Survey, the number of cases that were diagnosed at a
relatively early stage tended to increase. However, the
incidence of T3 and T4 cases together was greater than
30%, and when N and M factors were taken into account,
advanced cancer cases accounted for nearly half of the cases
in the present survey. Regarding N factor, in the present
survey, the proportion of NO and N2 cases had increased,
whereas that of N1 and N3 had decreased as compared to
the 1986 National Survey, We speculated that the propor-
tion of patients who visit dentistry and oral surgery institu-
tions directly or on a referral basis at an early stage might
be increasing. As for the reason for the increase in the
number of N2 cases, it is likely that cases that would have
previously been diagnosed as N1 might now be correctly
diagnosed as N2, according to progress in diagnostic imaging
techniques such as computed tomography (CT) scanning.

According to T classification by tumor location, early-
stage cases were predominant among patients with tongue
cancer in the present survey, a finding which was also scen
in the Nara Prefecture Survey. Further, early-stage cancer
tended to be observed frequently in the lip and oral floor,
whereas advanced-stage cancer tended to be more frequent
in patients with cancer of the maxillary sinus and jawbone.
It was considered that this higher frequency of advanced-
stage cancer might have resulted from difficulty in detecting
subjective and objective signs in these locations.

Calhoun et al.” studied distant metastasis of squamous
cell carcinoma in the head and neck in 727 patients; 83
patients (11.4%) had distant metastasis during their clinical
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course. In these cases, 18.1% demonstrated distant metasta-
sis at the first consultation. In the 1986 National Survey
results, M1 accounted for 22 cases (1.6%), while M1 cases
were slightly fewer in the present survey, at 17 cases (1.0%).
In the present survey, not all of the distant metastases could
be found at the time of the first consultation. We considered
that distant metastasis would be observed ina greater number
of patients during the treatment course. As the presence of
distant metastasis strongly affects treatment and prognosis,
it is considered necessary to improve diagnostic accuracy by
the use of positron emission tomography (PET).

Nonepithelial tumors

In the Nara Prefecture Survey, malignant nonepithelial
tumors accounted for about 10% of head and neck cancers.
Malignant lymphoma was the predominant nonepithelial
tumor, with the cervical lymph node and Waldeyer’s ring
being the most frequent locations. Although it has been
reported that the incidence of malignant head and neck
lymphoma is gradually increasing,” the incidence was
extremely low in the present survey, at 8 cases (0.4%), in
comparison to 61 cases (4.0%) reported in the 1986 National
Survey. It was considered that malignant head and neck
lymphoma was likely to have been excluded in the present
survey, as malignant tumors were not itemized in the ICD-
O code of the registration form (for initial registration).
Thus, it is necessary Lo give extra consideration to the terms
used for registration.

Howell et al." reported the incidence of malignant mela-
noma as 0.1%. In the 1986 National Survey, 16 cases (1.1%)
were reported, and Okamoto et al.™ reported malignant
tumors of the head and neck in 6 cases (0.3%). In the
present study, there were 13 cases (incidence of 0.7%). The
prognosis of malignant melanoma is extremely poor and its
progress is rapid.” Although the incidence in the present
survey was low, malignant melanoma characteristics must
be taken into consideration during daily clinical practice at
departments of dentistry and oral surgery.

As for so-called sarcomas, Yamaguchi et al." studied 32
cases and reported that the incidence of osteosarcoma was
highest, at 9 cases. In the present survey, osteosarcoma was
reported in only a single case. Nonepithelial tumors vary
in their histologic features and very few cases have been
reported as compared to reports of carcinoma. We consider
it necessary to continue our nationwide survey, and also
to investigate the diagnosis, treatment, and prognosis of
Sarcomas.

Acknowledgments We cxpress our heartfelt gratitude to the represen-
tatives of cach of the member institutions of the Japanese Socicty of
Oral and Maxillofacial Surgeons for their cooperation in the survey.

References

1. Uchida Y (1988) S ical and epidemic studies of oral cancers
disgnosed and treated by oral surgeons in Japan, Jpn J Dent Sci

7:16-26 (in Japancse)




28
r

16.

17.

R hdech MA, M

Japan Socicty for Head and Neck Cancer (2001) General rules
for clinical studics on head and neck cancer, 3rd cdn. Kanchara,
Tokyo, pp 22-28 (in Japanesc)

. Franceschi S, Bidoli E, Herrero R, et al. (2000) Companson of

cancers of the oral cavity and pharynx worldwide: etiological clues.
Oral Oncol 36:106-115

. Tarvainen L, Suuronen R, Lindgvist C, et al. (2004) Is the

incidence of oral and pharyngeal cancer increasing in Finland?
An epidemiological study of 17 383 cases in 1953-1999. Oral Dis
1:167-172

. Miyahara H, Kitamura H, Sugimura M, et al. (2001) Malignant

head and neck tumors in Nara prefeciure. Jpn J Cancer Clin
4? 333-339 (in prm)

AP n K, Pongsiriwet S, et al. (2004) Analysis
of 587 cases of aral squamous cell carcinoma in northern Thailand
with a focus on young people. Int J Oral Maxillofac Surg
33:84-88

Jka 1 (2004) Maligs oral tumors in
Jordanians, 1991-2001. A descriptive epidemiological study. Int
J Oral Maxillofac Surg 33:183-188

Hogan LC, Hall GM, Chambers IG (2005) Oral cancer al a
‘Tasmanian termtory referral clinic, The Royal Hobart Hospital
1996-2002. Aust Dent 1 50:31-36

. Bhurgri Y (2005) Cancer of the oral cavity. Trends in Karachi

South (1995-2002). Asian Pac J Cancer Prev 6:22-26

. Ravi M, Mamta S, Kumar D, et al. (2003) Age specific incidence

rate and pulholopc.l.] spectrum of oral cancer in Allahabad. Indian
J Med Sci ST:400-404

. Oshima A, Kuroish IT, Tajima K (eds) (2004) Cancer statistics in

Japan. 2004. Shinohara, Tokyo, pp 202-217 (in Japanese)

. Shiboski CH, Schmidt BL, Jordan RCK (2005) Tongue and tonsil

carcinoma; increasing trends in the US, population ages 20-44
years. Cancer 103;1843-1849

. Anncrtz K, Anderson H, Biorklund A, clul.(mm Inndcnmami
i of

survival of squamous cell ¢ in Sc

the
with reference to young adults. Int J Cancer 101:95-99

special
. Llewellyn CD, Johnson NW, Warnakulasuriva KAAS (2004) Risk

factors for oral cancer in newly diagnosed patients aged 45 years
and younger: a case-controlled study in Southern England. J Oral
Pathol Med 33:525-532

. Scully C (2002) Oral sq cell from an hypothesi
about a virus, to concern about possible sexual ission. Oral
Oncol 38:227-234

Howell RE, Wright BE, Dewar R (2003) Trends in the incidence
of oral cancer in Nova Scotia from 1983 to 1997. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 95:205-212

Shimizu M (1989) Incidence and classification of oral cancer. In:
Shimizu M, Kohama G (cds) Mundhohlen Karzinom Diagnose
und Behandlung. Dental Diamond, Tokyo, pp 66-91 (in
Japanese)

. Health and Walfare Statics Association (2003) Journal of Health

and Walfare Statics suppl 50(9). Health and Walfare Statics Asso-
ciation, Tokyo, pp 81-83 (in Japancse)

9.

21.

26.

21

28.

».

30.

) %

32

Kohama G (1989) Surgical treatment of carcinoma of the man-
dibular gingiva (including alveolar mucosa and retromolar region).
In: Shimizu M, Kohama G (eds) Mundhohlen Karzinom Diagnose
und Behandlung, Dental Diamond, Tokyo, pp 212-231 (in
Japanese)

. Wahid A, Ahmad S, Sajjad M (2005) Pattern of carcinoma of oral

cavity reporting at dental department of Ayub Medical College.
J Ayub Med Coll Abbottabad 17:65-66

Kawabe R, Omura S, Saito T, ¢t al. (1999) Risk factors for multiple
primary cell carci of the oral cavity. Jpn J Oral
Maxillofac Surg 45:421-426 (in Japancse)

. Kawakami M, lkemura K (2004) Multiple primary malignant

tumors in patients with squamous cell carcinoma of the oral cavity.
Influcnce on the S-year survival rate. J Jpn Stomatol Soc 53:9-13
(in Japanese)

Saikawa M, Ebihara S (2000) Multiple primary neoplasms in
paticnts with squamous cell carcinoma of the oral cavity, meso-
pharynx. and hypopharynx. Stomato-pharyngol 12:349-360 (in
Japanese)

. Okamoto M, Takahashi H, Yao K. ¢t ak (1999) Clinical trend of

head and neck malignancy: a statistical analysis of 26-year experi-
ence at the Kitazato University. Oto-Rhino-Laryngology, Tokyo
42:474482 (in Japancsc)

. Otoh EC, Johnson NW, Danfillo IS, ct al. (2004) Primary head and

neck cancers in North Eastern Nigeria, West Afr J Med 23:
305-313

Aoki §, Kawabe R, Hirota M. ct al. (2003) Ten- “year clinico-
statistical study of oral squ cell c Yok Med
1. 54:539-546 (in Japanese)

Busquets JM, Garcia HA, Pincdo JT, et al. (2003) Clinicopatho-
logical characteristics of head and neck squamous cell carcinoma
in Puerto Ricans. P R Health Sci J 22:259-264

Carvalho AL, Singh B, Spiro RH, ¢t al. (2004) Cancer of the oral
cavily: a comparison between institutions in a developing and a
dcvcraped nation. Head Neck 26:31-38

Scott SE. Grunfeld EA, McGurk M (2005) The idiosyncratic rela-
tionship between diagnostic delay and stage of oral squamous cell
carcinoma. Oral Oncol 41:396-403

Calhoun KH, Fulmer P, Weiss R, et al. (1994) Distant metastases
from head and neck squamous cell carcinomas. Laryngoscope
104:1199-1205

Yoshino K IM)Tmanlndmckmr is it on the
increase or d ? 1. Epidemiology of head and neck cancer.
Jibi Innkoka, Tokeibu Geka {Omlamlgolnsy Head and Neck
Surgery) 76:345-350 (in Japanese)

Tanaka N, Mimura M, Ogi K, et al. (2004) Primary malignant
melanoma of the oral cavity: asscssment of outcome from the
clinical records of 35 patients. Int J Oral Maxillofac Surg 33:
761-765

. Yamaguchi §, Nagasawa H, Suzuki T, et al. (2004) Sarcomas of the

oral and maxillofacial region: a review of 32 cases in 25 years. Clin
Oral Investig B:52-55



Int, J. Cancer: 124, 2106-2115 (2009)
© 2008 Wiley-Liss. Inc.

Transglutaminase 3 as a prognostic biomarker in esophageal cancer
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To develop a prog ker for ¥ cell
carcinoma (ESCC), we examined the proteomic profile of ESCC
using two-dimensional difference gel electrophoresis (2D-DIGE),
and identified proteins associated with pi by mass spec-
trometry. The prognostic performance of the identified proteins
was examined by immunohistochemistry in additional cases. We
identified 22 protein spots whose intensity was statistically differ-
ent between °C cases with good (N = 9; survived more than 3§
years without evidence of recurrence) and poor (N = 24; died
within 2 years postsurgery) prognosis, within the patient group
that had two or more lymph node metastases. Mass spectrometric
protein identification resulted in 18 distinct gene products from
the 22 protein spots. Transglutaminase 3 (TGM3) was inversely
cnrrelsled with shorter patient survival. The prognostic perform-
ance of TGM3 was further ined b hist ¥ in
76 ESCC cases. The S-year dlsuse-setdﬂc survival rate was
64.5% and 32.1% for pul.ienls with TGM3-positive and TGM3-
negative tumors, respectively 'F = 0.0033). Univariate and multi-
variate analyses revealed that TGM3 expression was an independ-
enl prognostic factor among the clinicopathologic variables exam-
ined. It is noteworthy that the &rogmstic value of TGM3 was
shown to be hlgller than those of the lymph node metastasis, intra-

mural nd vascular invasion status. These results estab-
lish TGM3 as a nmrel ognostic biomarker for ESCC for the first
time. Examination of Rhﬁ expression may provide novel thera-
pmtlc strategies to prevent recurrence of ESCC.

© 2008 Wiley-Liss, Inc.
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Esophageal cancer is the 8th most common cancer' and the 6th
leading cause of cancer death woﬂdwude Despite the use of mod-
ern surgical technigues in nation with radio- and chemother-
apy. early recurrence is common and the overall S-year survival
rate remains below 40%."* Although the use of adjuvant and neo-
adjuvant chemothemmﬂ has improved the survival times of esoph-
ageal cancer patients,” these treatment modalities cause serious
side effects in a large number of patients and only benefit a limited
number of patients in terms of overall surkul tlmes On the ul]m

existing diagnostic modalities. Practical biomarkers to predict
response to treatment have long been desired to optimize thera-
peutic strategies and improve clinical outcomes.

The proteome is a functional translation of the genome. The
genomic aberrations of cancer cells are transcribed o the tran-
scriptome, translated to the p ne, then determi cancer
phenotypes, In this sense, the | proteome is a functional translation
of the genome, directly regulating tumor behavior, It is obvious
that proteomic features more directly :e!lm the tumor characters
than genomic contents do, Pr can
data about the final products of genome information. Many lines
of evidence dcmonstmcd discordance between mRNA and pro-
tein expression. 1% In addition, examining DNA sequences and

nng mRNA expression do not accurately predict the status
of post-translational modifications such as phosphorylation and
glycosylation, which play a key role in regulating the malignant
behavior of cancer cells. Taken together, the proteome can be a
rich source for biomarker identification.

In this study, we performed a proteomic study to idenify bio-
markers to predict the clinical outcome of esophageal squamous
cell carcinoma (ESCC) patients. We used laser microdissection to
recover wmor cells and neighboring normal epithelial cells from
surgical specimens of esophageal cancer cases, and subjected the
recovered cells to proteomic analysis using two-dimensional dif-
ference gel electrophoresis (2D-DIGE). We took particular note of
postoperative prognosis in advanced esophageal cancer treated
with surgery alone, and discovered prognostic biomarker candi-
dates to optimize the existing surgical treatment sirategy. As a
result, transglutaminase 3 (TGM3) was identified as o prognostic
biomarker candidate. The pmg,nmllc pr.rformmce of TGM3 was
successfully validated by i istry in 76 additional
ESCC cases. This is the first report concemning the prognostic
value of TGM3 expression in ESCC. By measuring TGM3 expres-
sion in primary tumors, we will be able to refine the prognostic
protocol and optimize current therapeutic strategies.

Material and methods
Patients and clinical information

hand, 45-52% of patients with resectable esc | cancer
with surgery alone survive for more than 5 years.”* The patients
who can be completely cured by surgery alone receive unnecessary
and harmful combination therapy, The response to treatment such
as surgery or chemo-radiotherapy is variable, even when the
patients are at the same clinical stage, and is not predicted by the
existing diagnostic modalities. Accurate nisk stratification 1s there-
fore of paramount importance to either avoid potential morbidity
due to over-treatment or prevent further progression of disease.
Global mRNA expression studies have |den||ﬁcd the gene clus-
ters associated with the pro ion of esophageal cancer,”™ sug-
gesting that multiple gcne and protein alterations are implicated.”
These alterations can be considered as potential biomarkers for
detecting cancer, determining prognosis, and monitoring disease
progression or th However, none of them has
been proven to be clmlca")r useful, and the response to treatment
such as surgery or chemo-radiotherapy is not predicted by the

@uicc Puplication of the Imernational Union Against Cancer

—

We examined primary tumor tissues from 82 ESCC patients
who underwent surgery at the National Cancer Center Hospital
consecutively from 1998 10 2002. All patients underwent curative
resection, and were not treated with chemo- or radiotherapy. The
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of this anicle.
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TABLE | - CLINICOPATHOLOGICAL DATA OF THE 4% ESOPHAGEAL CANCER CASES ENAMINED

L - o All caves Good progrosis group _ Poor progaous gnap e
Number of cases 58 34 4
Age (mean = SD) (yr) 623 =84 599 =95 630=63 0.447
Gender o.015'
Mul: 50 26 1
g 8 0
I'linnlomc differentiation 0416
Well differentiated 21 15 6
Moderately differentiated 25 14 11
Poorly differentiated 12 5 T
Tuﬁm location § o 0.316
- 4
I-Edd.l: 25 13 12
Lower 28 20 8
Mauoxop:cl ic classification : < 0974
1
2 3 20 14
3 2] 13 10
Tumor size (mean = SD) (cm) 62+22 60%19 64 £24 0.673
Number of LN metastases <0.001"
13 13 0
I 12 12 0
2 3 1 4
3 7  d 5
24 21 6 15
SCC (mean = SD) (ng/ml) 1515 1312 1.7x17 0.303
CEA (mean = SD) (ng/ml) 3oz )4 28+ 11 Jdx 18 0.200
Lymphatic invasion 0.02s'
Negative 2 16 6
Positive i6 18 18
Vascular invasion 0.024'
Negative 20 16 4
Positive 38 18 0
Intramural metastasis 0.007"
Absent 50 33 17
Present 8 1 L
is " b 3‘
prognosis )
Poor prognosis gmoup. u

IConsidered to be significant (p < 0.05).— Survived more than § years without evidence of recurrence.~"Died within 2 years postsurgery.

patients were newly diagnosed with thoracic ESCC and were fol-
lowed up for at least 5 years after surgery, The overall clinicopa-
thological data of the cases are summanzed in Table 1. while in-
formation on the individual cases is available in Supplemental Ta-
ble §1. Two or three tissue fragments, less than 10 mm' in
volume, were grossly obtained from primary tumors, Matched
normal mucosal tissues located at least S ¢cm away from the tumor
margins were also included in this study. The resected lissues
were snap-frozen in hqmd nnmgcn and stored at —B0°C until use.

The recovered sp logically examined and the
clinicopathological stage was detemmmd according 1o the Interna-
tional Union against Cancer tumor-node-metastasis (TNM) classi-

fication.'® All cases were classified as TANO-1MO, This study was
approved by the ethics commitiee of the National Cancer Center
and written informed consent was obtained from the patients.

The patients that survived more than 5 years without evidence
ofwcmmwmcmcgm-iudindugoudpmpwsismlﬁ=
39) while the patients that died within 2 years post surgery were
categorized in the poor pmgmm group (N = 28} The proteomic
profiles of these two sample groups were comy

We performed immunohistochemistry on 76 cases, which
included 14 cases that were not categorized in cither group. The
clinicopathological data of the 76 esophageal cancer cases are
demonstrated in Table I1.

Laser microdissection

ered from hematoxylin-stained tissues for each 2D-DIGE gel. As
tumor tissues could not be recovered in 9 cases (Supplemental Ta-
ble S1) because of poor preservation, we finally examined 58 -
mor tissues and 53 normal epithelium tissues.

2D-DIGE and image analysis

2D-DIGE was performed ns previously described.'”'™ In brief,
a common internal control sample was created by mixing a small
portion of all protein samples used in this study, which was la-
beled with Cy3 fluorescent dye (CyDye DIGE Fluor saturation
dye, GE Healthcare Biosciences, U a, Sweden). Individual
samples were labeled with Cy5 fluorescent dye (CyDye DIGE
Fluor saturation dye, GE Healthcare Biosciences). These differ-
ently labeled protein samples were mixed together and separated
by two-dimensional gel electrophoresis (2D-PAGE) according to
their isoelectric point and molecular weight. The first dimension
separation was achieved using a 24 cm-length immobiline gel
(IPG, pl 4-7, GE Healthcare Btosciemes) and Mu!tlphor 1 (GE
Healthcare Biosciences), while the
using a home-made gradient gel with GiantGelRunner (Biocraf,
Tokyo, Japan), with a separation distance of 36 cm. The gels were
scanned using a laser scanner (Typhoon Trio, GE Healthcare Bio-
sciences) at the appropriate wavelength for Cy3 or Cy5. For all
protein spots, the CyS intensity was normalized with the Cy3 in-
tensity in the same gel using the Progenesis SameSpols software
version 3 (Nonlinear Dynamics, Newcastle, UK), so that gel-to-

Specific cell populations were recovered by laser o i
tion according to our previous reports’ ** (Fig. 1a). Al mntof
microdissected area, recorded during microdissection, wus recov-

gel variations were canceled out (Fig. 15). We monitored the sys-
tem cibility by running the same sample twice (case 15;
Supplemental Table S1). The scatter plot showed that the intensity
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TABLE 1l - UNIVARIATE AND MULTIVARIATE ANALYSIS OF PROGNOSTIC FACTORS AND RELATIONSHIF RETWEEN
CLINICOPATHOLOGIC VARIABLES AND TGM3 EXPRESSION
Multivariste snalyus of
Disciae. tsanoe-specific survival TEM3 TOMS migutive -COTviIon nith
et of cases Mmﬁ qut"-’l’}lu i (m:un;“ l‘n:-':: Tm::z?""
Syri%) Log-rank (P) [ Relative risk W%

All cases 76 526 48 28

Age (yr) 0.4599 0.345
<65 42 57.1 29 13
263 34 47.1 19 15

Gender 0.0597 0.548
Male o4 484 9 3
Female 12 75.0 9 25

Histologic differentiation 0.1551 0.884
Well r ] 64.0 15 10
Nonwell 51 47.0 33 18

Tumeor location 0.5276 0.198
Uwgpu 5 40.0 5 0

ddle, lower 71 533 43 28

Macroscopic classification 0.5805 0.079
1 43 55.8 23 20
3 3 48.3 25 8

Tumor size (cm) 0.5669 0311
<6.0 37 56.6 26 11
=60 39 48.7 <] 17

Pathologic N status 00013 0025 4101 1197-14.044 0.527
pNOD I8 B89 13 5
PNl 58 413 35 23

SCC (ngfml) 0.3090 0.987
<15 61 55.7 38 23
>1.5 15 40.0 {1] S

CEA (ng/ml) 0.1402 0.548
<5 67 552 41 26
=5 9 29.6 7 1

Lymphatic invasion 0.0084' 0351 1472 0654-3313 0.450
Negative 30 70.0 21 9
Positive 46 41.2 2 19

Vascular invasion 0,0082" 0.228 1.608 0.743-3.478 0.158
Negative il 742 2 8
Positive 45 EYR ] 25 20

Intromural metastasis 0.0072' 0.778 1.142 0.452-2.884 0.229
Absent ] 573 45 23
Present 8 125 3 5

TGM3 0.0033"  0015' 0430 02180848
Negative b2 S P A
Positive 48 64,5

Abbreviation: 95% C1, 95% confidence interval.

!Considered 1o be significant (p < 0.05).~Fisher's exact test for categorical variables and Mann-Whitney U/ test for continuous variables.

value of 95% of protein spots was scattered within a 2-fold value
difference, and that the correlation coefficient was 0.8352, d

Mass wm'rmncm: pmrem identification

strating the high reproducibility of our profiling method (Fig. 1¢).
The spot intensity data were exported from the Progenesis Same-
Spots software as Excel files, amenable to data analysis,

Data analysis
As a preprocess of data analysis, raw intensity data for each
experiment were log2 transformed and then Z score transforma-
tion Jyas applied to standardize the distribwion of the inensity
data.'” Hierarchical clustering was performed with the Euclidean
distance and unweighted pair group methods, using the arithmetic
average (UPGMA) method on the standardized data to reveal the
global features of the proteomic profiles acquired. To identify the
spots that had different intensity between the 2 groups, the z-test
was used for each spot. As the obtained p-value list possibly
included false positive results due to multiple tests, we estimated
the false discovery rate (FDR) following the B-:n,amlm Hochberg
procedure according to the previous rzpon We subseguently
selected the spots so that the FDR is less than 0.05. For the
comparison of normal tissues with tumors, we chose the spots the
intensity ratio of group means was at least 4 times above the afore-
mentioned FDR criteria.

The p cor g to the p spots detected were
identified by mass spectrometry acmrthng 10 our previous
repm-l.n CyS-labeled proteins separated by 2D-PAGE were recov-
ered in gel plugs and digested with modified trypsin (Promega,
Madison, WI). The trypsin digests were subjected 1o liguid chro-
matography coupled with tandem mass spectrometry, a Finnigan
LTQ linear ion trap mass spectrometer (Thermo Electron, San
Jose, CA) equipped with a nano-electrospray ion source (AMR,
Tokyo, Japan). The Mascot software (version 2.1, Matrix science,
London, UK) was used to search for the mass of the peptide ion
peaks against the SWISS-PROT database (Homo sapiens. 16,529
sequence in Sprot_52.5 fasta file). Proteins with a Mascot score of
34 or more were subjected to protein identification. When multiple
proteins were identified masmgles;;-ol the proteins with the high-
est number of peptides were cons § as those corresponding to

the spot.

Pathway analvsis of expression data

Pathway analysis of the protein expression pattern was per-
formed using the MetaCore software (GeneGo, St Joseph, MI).
MetaCore identifies networks based on a manually curated



TGM3 AS A PROGNOSTIC BIOMARKER IN ESCC

2109

Hematoxylin & Eosin

=~ =

Normal epithelium

Internal control
sample sampie
| I
Label with Cy3 Label with Cy5
\ Mot /
1

2D-DIGE

|
cﬂ.mcyslm

Overlay

| R=0.8352

1
10} PN
[ < 2.0 fold differance: 3445/3623 (95.1%)
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Froure 1 - (a) Laser microdissection of ESCC. Tissue sections were stained with hematoxylin and cosin for histological observation, while
neighboring serial sections were stained with hematoxylin alone for the protcomic study, (b) The extracted proteins were labeled with fluores-
cent dyes and separated by 2D-DIGE. (¢) Scattergram of 2 independent experiments demonstrating the high reproducibility of 2D-DIGE.

database containing known molecular interactions, functions, and
disease interrelati ips using data sets. The pathways
the

cal doctor (N. U.) reviewed the sections stained with anti-TGM3
antibody in a blinded fashion regarding clinical data. The normal
phageal epithelium served as an internal positive control. Cases

are identified by the probability that a random set of protei
same size as the input list would give rise 1o a particular mapping
by chance.

Immunchistochemistry and tissue microarray
Immunohistochemical staining for TGM3 was performed on
hanol-fixed, paraffin-embedded tissue sections from 76 cases
(Supplemental Table S1) using the Dako REAL EnVision Detec-
tion System (DAKQ, Glostrup, Denmark) following the manufac-
turer’s instructions. The sections were deparaffinized, dehydrated
and blocked by 3 mL/L H,0; in methanol for 30 min to remove
endogenous peroxidase activity, The sections were autoclaved in
10 mM citrate buffer (pH 6.0) at 121°C for 10 min. The primary
antibody used was a rabbit polyclonal, mono-specific antibody
against TGM3 (HPAO(04728; Atlas antibodies, Stockholm, Swe-
den) ot a dilution of 1:100. One pathologist (Y. N.) and one medi-

in which more than 10% tumor cells were positively stained with
anti-TGM3 antibody were considered as TGM3 positive, while
cases with Jess than 10% TGM3 positive wmor cells were consid-
ered as a TGM3 negative. Staining was evaluated at the domi
differentiation area of the tumor if considerable tumor heterogene-
ity was present.

We ex i TGM3 exp using our home-made lssue
microarray containing 59 normal tissues and 323 wmor tissues
iSupplemental Table S2).

Statistical analysis

The correlation between TGM3 expression and clinicopatholog-
ical features was evaluated using the Fisher's exact test for cate-
gorical variables and the Mann-Whitney U/ test for continuous var-
iables, The disease-specific survival time was calculated from the
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first resection of the primary umor to death of disease-specific
causes. All tme- ch:vcnl end points were computed by the
Kaplan-Meier method.** Potential prognostic factors were identi-
fied by univariate analysis using the log-rank test. Independent
prognostic factors were evaluated using the Cox’s proportional
hazards regression model. p value differences of <0.05 were con-
sidered to be significant. Statistical analyses were performed using
the SPSS 11.0 statistical package (SPSS, Chicago, IL).

Results

2D-DIGE generated quantitative expression profiles that
included 3,623 protein spots per sample. Based on the overall sim-
ilarity of the acquired protein expression profiles, the samples
were divided into 2 groups: tumor tissues and normal epithelial
tissues (Supplemental Fig. S1); that is, the proteomic profiles
reflected the tissue origin of the sample. Considerable differences
were observed between the proteomic profile of tumors and nor-
mal tissues: we found 200 protein spots that matched the criteria
of an FDR < 0.001 and a fold difference >4 between the tissue
groups. The intensity of 33 of these spots indicated increased pro-
tein expression levels while the remaining 167 cpms md!cnmd
decreased expression in tumor ti . All
lsusihcse 200 protein spots were |dcrurlwd (Snpp!trncmul Tablt

)

The samples were not grouped according to the prognosis group
to which they belonged based on their overall protein exj
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squamous epithelia and nonsquamous cell carcinomas, including
those arising in the breast, prostate and thyroid gland (Fig. 3c).

Discussion

A \rmel)r of treatments is cumrently available for csophageal
cancer.” The choice of treatment is crucial, as the response is
diverse between ﬂuﬂp.llumts, even when they are diagnosed at the
same clinical stage.” Treatment-related complications may easily
lead to serious and occasionally fatal adverse reacuoﬁsjosuch as
myocardial infarction, heart failure, and pneumonia. There-
fore, by predicting response to treatment and optimizing individu-
alized 1henpy we will be able to improve the clinical outcome of

h | cancer pati

Nm'cl prugmsuc maodalities have long been desired to improve
the management of ESCC. Global genomic and transcriptomic
expression studies have been conducted to detect prognostic mo-
lecular biomarkers for ESCC. "™ However, these studies did not
result in the identification of novel practical biomarkers, because
they used 100 many molecules to predict clinical outcome, and did
not perform sufficient verification experiments in climical-scale
sample sets using practical methods such as immunohistochemis-
try. Although pr ics has much ial to reveal the molecu-
lar background of esophageal cancer, this is the first report 1o
employ proteomics to identify prognostic biomarkers in esopha-
geal cancer, and 1o successfully establish TGM3 as a single prog-

features, Similarly, no protein spots with significantly different in-
tensity between these two groups were However, the
gender, the number of lymph node metastases, the lymphatic and
vascular invasion status, and the intramural metastasis status were
significantly different between the patienis groups with different
prognosis (Table 1),

The number of lymph node metastases is one of the major prog-
nostic factors in esophageal cancer.”™ We classified the patients
based on their lymph node metastasis status into the good and bad
prognosis group, and found 22 protein spots with significantly dif-
ferent intensity between the two groups (FDR < 0.05). The local-
ization of the 22 spots on the two-dimensional image is shown in
Figure 2a (enlarged image in Supplemental Fig. S2). Mass spec-
trometric protein identification revealed that the 22 protein spots
corresponded to 18 distinct gene products (Table U1, Fig. 2b and
Supplemental Table 54). Pathway analysis using a MetaCore soft-
ware analysis tool showed that 17 of the 18 identified proteins
were part of a network (Fig. 2¢) in which STATI, p53 and HNF4
seemed to be key proteins. TGM3 was connected 1o STATI
through Spl, which directly regulates TGM3 expression™ and is
an intermediary of p53, which is known 1o be a pmgmmjc factor
of several rruhgnmcw: including esophageal cancer.” TGM3
spots seemed 3 times in the list of the 22 protein spots with consis-
tently lower intensity in the poor prognosis group.,

To further validate the prognostic value of TGM3 expression in
ESCC, we examined the expression of TGM3 in 76 ESCC cases
using immunohistochemistry. Both cytoplasmic and nuclear
TGM3 staining were observed, depending on the case (Fig. 3a.
enlarged image in Supplemental ,ﬁ},. 53). although only the for-
mer has been reported previously™ " and was considered as indi-
cating positive staining in this study.

The S-year disease-specific survival rate was significantly
higher in the 48 TGM3-positive compared with the 28 TGM3-neg-
ative cases (64.5 versus 32.1%: p = 0.0033; Fig. 3b. Table II).
Multivariate analysis revealed that TGM3 expression was an inde-
pendent predictor of disease-specific survival (Table I1), The im-
munohistochemical expression of TGM3 did not correlate with
any other clinicopathological variables (Table ),

In tissue microarray analysis, TGM3 was shown to be expressed
in all normal squamous epithelia and cell carci
examined, including those arising in the skin, lung. oral cavity and
uterus, In addition, TGM3 was expressed in o few cases of non-

nostic bi rker

The prognosis of esophageal cancer patients may be affected by
various factors, including those used in TNM classification and
the p of intr | m is and vascular invasion.”
Therefore, the molecular background of tumors from patients with
similar prognosis could vary even when they have the same T and
M stage, as in this study. Indeed, we did not identify any protein
spots with different intensity between the good and poor prognosis
groups. We assumed that this was probably due to the high hetero-
genesty of the molecular background of the tumors. With this
notion, we subsequently focused our analysis on comparing the
proteomic profiles of patients with different survival periods
within the patient group that had two or more lymph node metasta-
ses at the time of pathological diagnosis. This analysis is clinically
significant hecause this patient group generally has poor prognosis
and is in more need of the development of suitable prognostic bio-
markers, As a consequence, we successfully identified 22 protein
spots that had different intensity between the aforementioned
patient subgroups. These observations suggest that following a
strategy that is based on the use of such clinically relevant param-
eters is an effective way to identify the proteins that correlate with
the malignant potential of tumors.

We identified 18 proteins of prognostic value in the primary
tumors. Network analysis revealed that 17 of them were linked
through the STAT1, p53 and HNF4 transcription factors, all of
which are aberrantly regulated in esophageal cancer. Suppresaim
of the EGF-STATt pathway leads to prog of
M ps53 3 munoreactivily has been detected in 34-67% of
ESCC cmni and is significantly correlated with cancer-
cific death. HNquJpha cxpresswn significantly correlates with
MUCH expression,”” which is a mediator of tumor growth and me-
tastasis by acting as a ligand for the ErbB2 tyrosine kinase recep-

570 These observations suggest that a limited number of tran-
scription factors may affect a large number of genes, resulting in
poor prognosis for esophageal cancer.

We considered that TGM3 was a strong prognostic biomarker
candidate. because its immunohistochemical expression clearly
correlated with clinical outcome in our study and it has also been
shown to be potentially relevant 1o ESCC, TTGM3 expression has
been previously correlated with certain mahgnnm phenolypes in
ESCC. Liu et al. reported TGM3 expressi
are inversely correlated in ESCC’ whll: it should he noted
that Mendez er al. reported that TGM3 expression is inversely
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C. (@) A representative two-dimensional gel image showing the localiza-
tion of proteins of ESCC tissues. The 22 spots identified in this study rircled and numbered. The spot numbers correspond to those in Figure
2b, Table T11, and Supplemental Table S2. The image is shown enlarged in Supplemental Figure S2. (b) Hierarchical clustering of the 33 ESCC
cases based on the intensity of the 22 protein spots i’urpic. poor prognosis group; brown, good prognosis group. Right, spot numbers and protein
names, (¢) Pathway analysis of the identified proteins. Seventeen of eighteen of the identified proteins were shown to be part of a network by
pathway analysis using the MetaCore software analysis tool.

Ficure 2 — Tdentification of proteins differentially expressed in ESC
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Figure 3 — Validation of the differential expression of TGM3 in
normal

cpithelia and 63% cancer tissues. The image is shown enlarged in Supplememul Figure 83, GM Kapl

an-Meier survival

all Wﬂ
curves for ESCC patients in relation to TGM3 expression. Patients with pumnve ‘IGMJ uptwnm had significantly betier (p = = 0,0033) progno-

() Tissue

sis than p with negative TGM3 exy

data. TG
cell carcinomas arising in a range of tissues (a detailed list is shown in Supplcnmtll Table 2), lﬂd some adenoca

counterparts.

conelmd with lymph node metastasis of oral squamous cell carci-
noma.*' Although Liu ef al. reported that that TGM3 expression corre-
lated with histological grade in ESCC, " we did not observe any
correlation b TGM3 expression and the clinico-pathologi-

:pllhell.l and squamous
and their I

L R e 1)

cul pa ¢ the tumor stage. This discord-
ance is pmlnhly due 1o the different antibody used, the different
surgical procedure followed,* and the different clinical back-
ground of the patients included in the studies. A multi-institutional
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validation study that will take into account such differences will
be required to firmly establish TGM3 as a practical prognostic bio-
marker. In oligomicroarray analysis in ESCC. the TGM3 gene
was rcpmed to be suppressed and to correlate with lymph node
metastasis.’! Although these reports suggested that TGM3 may be
involved in cancer ion, they have not shown the prognos-
tic or other practical value of TGM3 expression examination in
ESCC. Genome and transcriptome studies have listed many bio-
marker candidates included TGM3, *! without, however, detecting
or proposing single b rkers of potential practical use. In this
study, we detected the proteins associated with the survival of
ESCC patients using a proteomic approach, and subsequently
selected TGM3 as an individual prognostic biomarker candidate.
We then showed that the positive or negative immunohistochemi-
cal expression of TGM3 in our study corresponds to TGM3
expression as d by the proteomics tools we employed, and
thus can be used 1o assess the expression level of TGM3 (Fig. 3a)
in practice.

TGM3 plays a key role in epidermal terminal differentiation
through cross-linking structural pmtems such as involuerin, lori-
crin and small proline-rich pml.ﬂns * Although the role of TGM3
has been well established 1n the differentiation of skin keratino-
cytes,** little information is available concerning its involvement
in esophageal epithelium. TGM3 stabilizes the comified envelope
of cells, a process that pucedes the transition of keratinocytes 1o
comeocytes by apoptosis, Therefore, down-regulation nl'TGMJ in
ESCC may interrupt the potentially critical initiation of apopt

UEMURA ET AL

TGM3 expression was decreased in ESCC tissues compared
with normal tissues; all normal tissues strongly expressed TGM3
compared (o only 63% of the ESCC tissues. This observation is
consistent with previous micToarmay studies**** that indicated that
TGM3 s down- n:gullt:d in many twcs of malignancies com-
pared with the ¢ . suggesting that the
reduced expression of TGM3 may play a common role in the car-
cinogenesis of not only ESCC but also other carcinomas,

In conclusion. we performed the first esophageal cancer proteo-
mics study that uses a large-scale clinical sample set that includes
prognostic information, and identified TGM3 expression as a
novel prognostic indicator in ESCC. The use of a common internal
contro] sample in 2D-DIGE, and the use of laser microdissection
cnmnbuledm accurale protein expression pmﬁlmg ‘The immuno-
histochemical i of TGM3 expression may help identify
patients with high risk for recurrence, and may improve the clinical
oulcome of these patients through closer postoperative follow-up
and additional treatment. Our resulls therefore provide the possibil-
ity for the development of novel strategies for ESCC management.

Acknowledgements

The excellent technical support of Ms. Yukiko Kobori and Ms,
Mina Fujishiro in electrophoresis and Ms, Satoko Kouda in the im-
munohistochemical study are greatly appreciated. Norihisa Uemura
is a recipient of a Research Resident Fellowship from the Foundation

thereby favoring tumor cell survival,

for Pr jon of Cancer Research (Japan) within the frumework of
the 3rd Term G hensive 10-Year Strategy for Cancer Control.

References

1. Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide incidence
of 25 major cancers in 1990. Int J Cancer 1999:80:827-41.

2. Pisani P, Parkin DM, Bray F, Ferlay ). Estimaies of the worldwide
mortality from 25 cancers in 1990, Int J Cancer 1999:83:18-29,

3. lison DH., Oesophageal cancer: new developments in systemic ther-
apy. Cancer Treat Rev 2003;29:525-32,

4. l_i;l:in%a PC, Mayer RJ. Esophageal cancer. N Engl J Med 2003;349:

5. Marictie C. Balon JM, anﬁ I-nhnes Van Seuningen 1. Triboulet
IP. Pantern of rec resection of esophageal
carcinoma and factors yredlmve of recurrent disease, Cancer
2003,97:1616-23,

6. Shinoda M, Hutooka S, Mori S, Mitsudomi T. Clinical ns‘pv.-clsofmul
timodality therapy for phag: . Ann
Thorae Cardiovasc Surg 2006:12:234-41,

7.  Ando N, lizuka T, Kakegawa T, Isono K, Watanabe H, Ide H, Tanaka
0. Shinoda M. Takiyama W, Arimori M, Ishida K, Tsogane S. A
rnndamnzu:dmnloisurgcrymlhandmumuchmothcmy for local-

of the th the Japan Clinical
OnmlogmeupSludy J Thorae Cardiovase Surg 1997:114:205-9.
8. Ando N, lizuka T, Ide H, Ishida K. Shinoda M, Nishimaki T.

4 of the th ophagus: a Japan
Clinical Oncology Group Study-JCOG9204. 1 Clin bncul 2003;21:
4592-6,

9. Tamoto E, Tada M, Murakawa K, Takada M, Shindo G, Tmmml(
Matsuna A.KmﬂmKKmuHannhmlAFn‘]s
Kobayashi N, et al. Gene ion profile ch 1|r|l.h
tumor progression and ly-mpﬁ node metastasis in esophageal cancer.
Clin Cancer Res 2004;10:3629-38,

10, Kun T, Shimada Y, SanF Hto T, Kondo K, Watanabe G, Macda M,

i SN M. Prediction of lymph node me-
msmm with use ufnmﬂcinl neural nmwurh based on gene expression
Surg Oncol

profiles in eal squamous cell carcinoma, Ann
2004:11:1

11, Gomes LI, En:m(.u}[ Carvalho AF, Cristo EB. Hirata R. Jr. Martins
WK, M SM, C LP, B i H, Pelosof A, Z.mvn 22
Sallum RA, et a! Exmtm:m profile of mali and
lesions of he diffe il activity of functional

lules related to i ' and lipid Cancer Res

2005:65:7127-36.

12, Vallbohmer D, Lenz HJ, Pre and progi lecular markers

in outcome nfcuqlhup:al cancer. Dis Esnp'lngus 2006;19:425-32.
13. Chen G, Gharib TG. Huang CC Tuyl.otl'M Misck DE., Kardia SL.
Giordano T1, 1 MD, O MB, Hanash SM, Beer DG.

A

Discordant protein and mRNA expression in lung
Mol Cell Proteomics 2002;1:304-13,

14, Varambally S, Yu J, Laxman B, Rhodes DR, Mehra R, Tomlins SA,
SluhRB Chandran U, Monzon FA. B:cn.hh-'l.l Wei IT, PlemnKJ
etal B ic and p of cancer
::121]: i of progr Cancer Cell 2005;8:393—

15. Gygi SP, Rochon Y, Franza BR, Aet Id R. Correl b pro-
tein and mRNA abundance in yeast. Mol Cell Biol 1999;19:1720-30.

16. Sobin L, Wittekind C. UICC TNM Classification of malignant tumors,
6th edn. New York: Wiley-Liss, 2002,

17. Kondo T, Seike M, Mori \" Fujil K, Yamada T, Hirohashi 5. Applica-
tion of sensitive ﬂumscant dycs in linkage of laser microdissection

] as @ cancer p study

tw | ge
tool, Pmmmm 2003;3:1758-66.
18. Kondo T. Hirohashi 5. Application of highly sensitive fluorescent
dm (CyDye DIGE Fluor saturation dyes) to laser microdissection

and two-dimensional difference gel nlccut?hmem (2D-DIGE) for
cancer proteomics. Nat Protoc 2006:1:2940-56

P, Dale BA, Maki
(transglutaminase 3)

19. Cheadle C. Vawter MP, Freed W), Becker KG. Analysis of microar-
ray data using Z score transformation. J Mol Diagn 2003;5:73-81,
practical end | approach o multiple testing. J R Stat Soc B
1995:57:280-.

21, Okano T, Knnin'l' Kakisaka T, F!unK Yamada M, Kato H, Nm
cancer by a | i and
two-dimensional d.lﬂ'm:nu gel clcctmpimrcsls. Proteomics 2006:6:

22. Kaplan E, Meicr P. N from inc
\mumj Am SutAssuc 1958; 53 45781,

H. Shnhnkm M. Tonomaoto Y,
sue N. Clinical
with three- ﬁ d lymph node dissection fw esophageal squmw: cell

24. Lee IH, Jang 81, Yang JM, Mar} HG“

promoter of the human gene, Stratified

A transcription factors to & proximal promoter element.
Biol Chem 1996;271:4561-8.
IE, I, D'Amico TA. Tumor marker expression is predictive of sur-
vival in patients with esophageal cancer. Ann Thorac Surg 2001:72:

26, Hitomi K, Presland RB, Nakay T. Fleck
M. A ll- of epid ;,;m 1 3

20. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a
mmTﬂemea\.KudnhSa SI’Iuma,.
193848,
obser-
23, Tachi M, Kinugasa S, Y
carcinoma. Am J Surg 2005;189:98-109.
PM. The proximal
ial-specific expression i.n cultured u.-lh is mediated hy bindin|
Spi and cts §
25. Aloia TA, Harpole DH, Jr, Reed CE, Allegra C, Moore MB, Hemdon
850966




31

35

aafa

TGM3I AS A PROGNOSTIC BIOMARKER IN ESCC

antibodies. J Dermatol Sci 2003:32:95-103.
W. Yu ZC, Cao WF, Ding F, Liu ZH. Functional studies of a

TGM3 in human squamous cell carci-

1 Gastroenterol 2006:12: 32,

mms Nihei K, Ohtsu A, Boku N, Hironaka S, Mera K, Muto M,
Ogino T, Yashida $. Lm-mmmknylﬁﬂkﬂnimdumm-
therapy for cell carci of the th P 1 Clin
Oncol 2003:21:2697-702.

naostic evaluation for squamous cell mmdhmm
esophagus treated with three-field lymph node dissection. Eur J Candi-

othorac Surg 2001;19:887-93,
Hhﬂi&ﬁh'ﬂm&{hﬂhl Morita K, Inoue H, Sugi-
hara K. Moni lﬂmTB&Ceh&ilﬂMwmu

3.

38.
39,

2115

with esophageal cancer in Linxian. China and its relationship to

gression and prognosis. Cancer 1994;74:3089-96. il

Piessen G, Jonckheere N, V‘mm.\,l'lmm B, Ducourouble MP.
MC. Mariette C. Vu&m R.qul.md‘l:llm

Copin
mucin MUC4 by yeholic Hlic
mww-ﬂmﬂumww“h
I'm lalpha. Biochem J 2007;402:81-91.
KL. R VP, Hag B, Caroth ﬁz.CA.Cell
g through mucins, Bi

smhu Mmmw Chauhan SC, mun.msx.mm«
MUC4 i ic tumor cell growth and metas-
tasis. Cancer Res 2004:64:622-30.

patients with esophageal sq
ﬂm{mu.&’w &7&13:%-1,&5 41. Mend

dnwmnullcuclma. Im"f(hml 2006-;"9 l337—4?
Watanabe G, Kaganoi J, Imamura M, Shimada Y, Itami A, Uchida S,
Sato F, Kita M. Progression of l!minnmnbylouot
EGF-STAT m,cmj 2001;7:132-9.
i H, Inouc M, Tahara H, Monden T, Shimano T,
ﬂpﬂmdp&JWulW:&ﬂmanm

phn;nl Anat His-
lopllhnl 11»3.4_221 1-6.
Buchml F, ihrrurnm O, Willers R, Gabbent

HE. ;63plul=’m cell carcinoma

of the . Cancer 1994; 174 2218-23,

Furihata M, » i §. Takohashi A, Tamiya T, Ogata T,
significance of human genomes (lype-16, -

43,

45,

. l-wA.l(nnt‘l‘.lHuG Liew CC, Xiong M, Wang X, Ji J, Wang T, Zhi

&PHWCMII'A SNWWMFHIEUM
Futran ND, Weymuller EA, Jtnglou’(‘hm C. Tumor-

wmmlgnﬁkdmmwﬂwmﬂm

hur A, Luketich JD. R for esophageal cancer: strategies
forwu-nal Ann Thorse Surg J008;85:5751-6,
function: as-

Kalinin AE, Kajava AY, Swinert PM. Epithelial barrier
sembly Mmﬂ&mdhmﬁdnllm Bioes-
says

2002:24:789-800.
. Kim IG, Gorman ), Park SC, Chung 51, Steinent PM. The deduced

sequence of the novel mase E (TGased) of human and
mouse, J Biol Chem 1993;268: 1 2682-90,
GmSS,Wn;MR.XIIX Cai Y, xnzx,ﬂnl‘h"l..\\rnhl‘l‘m
W&_ﬂc«!.wnﬁiﬂm cancer-related gene, It J Cancer 21

fon-
cell carci-

nfCa!l-tckvmaaddi

. Wang DY, Jﬁla;'ﬁ"l’hmhM.l..lX&l..llLSth" i H,

Kino L HMmdumofpSSpmmumwmm

d geries ' SUUATTIOUE
noma using cDNA microaray. Owup.ne :23:1291-9.



Molecular background of a-fetoprotein in liver cancer
cells as revealed by global RNA expression analysis

Shigeru Saito,"? Hidenori Ojima,? Hitoshi Ichikawa,* Setsuo Hirohashi' and Tadashi Kondo'*

'Proteome Bioinformatics Project. National Cancer Center Research Institute; ‘Chem and Bio Informatics Department, Infocom Corporation; 'Pathology Division,

National Cancer Center Research Ir ‘Cancer Ti

Project, National Cancer Center Research Institute, 5-1-1 Tsukiji, Chuo-ku, Tokyo, 104-0045, Japan

(Received April 16, 2008/Revised August 1, 2008; August 12, 2008/Accepted August 14, 2008/Online publication November 24, 2008)

in (AFP) is considered to be a diagnostic and prognostic
P llul i (HCC). H r, the role of AFP
in the development of HCC is presently obscure. We hypothesized
that a certain set of genes is lina coordi with
AFP, and that these genes essentially contribute to the malignant
characteristics of AFP-producing HCC. To address this hypothesis, we
carried out global mRNA expression analysis of 21 liver cancer cell
lines that produce varying levels of AFP. We identified 213 genes
whose mRNA expression levels were significantly correlated with that
of AFP (P < 0.0001). These included liver-specific transcription factors
for AFP and other albumin family genes, Eighteen HCC-associated
genes and 11 genes associated with malignancies other than HCC
showed significant correlations with AFP production levels. Genes
involved in lipid catabolism, blood coagulation, iron metabolism,
angiogenesis, and the Wnt and mitogen-activated protein ki
pathways were also identified. Text data mining revealed that
participation in the transcription factor network could explain the
connection between 78 of the identified genes. Glypican 3, which is a
component of the Wnt pathway and contributes to HCC development,
had the fifth highest correlation coefficient with AFP. Reactivity to
specific antibodies confirmed the significant correlation between AFP
and glypican 3 expression in HCC ti These observati ggest
that AFP-producing liver cancer cells may have a unique molecular
background consisting of cancer-associated genes. From this genome-
wide association study, novel aspects of the molecular background
of AFP were revealed, and thus may lead to the identification of
novel biomarker candidates. (Cancer Sci 2008; 99: 2402-2409)

Hepamcellu]ar carcinoma (HCC) is one of the most common
and aggressive malignancies worldwide and is the third
leading cause of cancer death.'" It is a major health problem
with high prevalence in Asia and Africa,”" and recent studies
indicated that the incidence of HCC has increased substantially
in the USA and UK over the last three decades.** The prognosis
for HCC patients remains dismal at present, and novel diagnostic
modalities as well as improvement of the therapeutic strategies
currently in use are required to improve the clinical outcome for
HCC patients.

Altered o-fetoprotein (AFP) level is a hallmark of HCC
development;' a considerable proportion of HCC patients have
elevated plasma AFP, and diagnostic value of AFP was suggested
in the patients with liver cirrhosis.” Plasma AFP is a useful
prognostic indicator, as the median survival rate of HCC patients
with markedly elevated AFP is significantly shorter than that of
patients with normal or moderately elevated AFP." rative
AFP levels are predictive of HCC recurrence,™" and may
therefore be used in deciding therapeutic options for HCC
patients after surgery. The lens culinaris agglutinin-reactive
fraction of AFP, in particular, has been shown to be signifi-
cantly associated with portal vein invasion and poor clinical
outcomes.'""" AFP has been shown to function as a superoxide
dismutase'"? and as an apoptotic factor,"" and to directly

Cancer5ci | December2008 | wvol 99 | no 12 | 2402-2409

promote proliferation in cultured cells."**" Nevertheless, the
molecular background of HCC associated with increased
AFP levels in HCC patients and the mechanisms underlying the
association of AFP with the onset of HCC and poor prognosis
are presently unclear.

We hypothesized that a certain set of genes are expressed in a
manner coordinate with AFP, and that these genes are responsible
for the greater tumor size, portal vein thrombosis, and lack of
histological differentiation that are observed in HCC tumors
with higher AFP expression.™ We have previously reported that
the expression levels of 11 proteins correlate highly with that of
AFP" In the present study, we generated gene expression
profiles of 21 liver cancer cell lines using DNA microarrays
and investigated the genes whose expression level correlated
significantly with AFP mRNA levels. The functional properties
of the identified genes and their association with each other at
the wranscription level were examined using a text data mining
program. The correlation or otherwise of AFP expression with
the product of each identified gene was validated in HCC tissues
using specific antibodies.

Materials and Methods

Cell lines. The following 21 cell lines were used: HuH-7,
JHH-7, JHH-5, HepG2, HT17, HuH-1, Hep3B, Li-7, PLC/PRL/S,
KIM-1, KYN-2, HLE, HLF, JHH-4, JHH-6, SK-Hep-1, KYN-3,
PHS-CH, PHS-T, RBE, and SSP-25. Details of these cell lines
are summarized in our previous proteomics report. "

Clinical specimens. HCC tissues were obtained from 23 HCC
patients at the time of surgery, fixed in formalin, and embedded
in paraffin. The project was approved by the institute's ethical
committee and written informed consent for the use of the
tissues for research purposes was obtained from the donors.

Western blotting. Cellular proteins were extracted from the
cell lines using a urea lysis buffer (6 mol/L urea, 2 moV/L thiourea,
3% CHAPS, 1% Triton X-100), and 30 pg protein was separated
by sodium dodecylsulfate—polyacrylamide gel electrophoresis with
an e-PAGE system (ATTO, Tokyo, Japan) as described previously.?"
Immunoblot analysis was carried out using primary antibodies
against AFP (1:200 dilution, clone ZSA06; Zymed Laboratories,
South San Francisco, CA, USA) and B-actin (1:1000 dilution, clone
AC-15; Sigma, St Louis, MO, USA), peroxidase-conjugated
secondary antibody (1:1000 dilution; GE Healthcare, Uppsala,
Sweden), and enhanced chemiluminescence (GE Healthcare).
The enhanced chemiluminescence signal was monitored using
Fuji LAS-1000 (Fuji Film, Tokyo, Japan) and measured with
ImageQuant TL (GE Healthcare).

Gene expression analysis. For gene expression analysis, total
RNA was prepared from the 21 cell lines using an RNeasy mini
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kit (Qiagen, Hilden, Germany). The integrity of the purified
RNA was confirmed using 2100 Bioanalyzer and an RNA 6000
nano LabChip kit (Agilent Technologies, Santa Clara, CA, USA).
The DNA microarray used was a Human Genome U133 plus 2.0
array (Affymetrix, Santa Clara, CA, USA). Target cRNA was
prepared from | pg of the purified RNA with a one-cycle cDNA
synthesis kit and 3"-amplification for in vitro transcription
amplification and biotin-labeling (Affymetrix). Hybridization to
the microarrays, washing, staining with the antibody amplification
procedure, and scanning were carried out according to the
manufacturers’ instructions. The scanned image data were
processed using the GeneChip Operating Software (version 1.4;
Affymetrix). The signal expression value of each probe set was
calculated and normalized by setting the signal value mean for
each experiment to 100 so that minor differences between the
experiments were adjusted. Among the 54 675 probes on the
DNA microarray, we first selected 12091 probes based on
MicroArray Quality Control Project database analysis,”” in
which the intraplatform and interplatform reproducibility was
examined for each gene using individual RNA samples and
quantitative reverse transcription—polymeruse chain reaction
(RT-PCR). The 12901 probes corresponded to 12901 unique
genes assigned to NCBI Entrez Gene ID numbers. The data were
log-transformed (base 2) to produce a closer to normal
distribution for statistical analysis.

To measure the similarity of gene expression profiles between
AFP and other genes, we used Pearson’s comrelation coefficient
r, as follows:

o (re-P)(pa-P))

T (a-PVX (ra-P)

where m is the number of observations, p, is the AFP expression
profile, p, is the expression profile of the gene in question, and
P, is the arithmetic mean of p, over m observations. We used the
z-transforms of the observed correlation coefficients, calculated
as follows:
1+|r
ZU = lh] _I'IJ
2 1=|r|

The Z-statistic approximately follows the standard normal

distribution:*"
Z= 5
l
o

We tested the observed correlation coefficients statistically
under the null hypothesis that HO: r, = 0, with the significance
level set at 02, that is, we rejected the null hypothesis if Z> Z,,.
The significance level was set at o= 0.0001 in consideration
for multiple tests.

Quantitative RT-PCR. cDNA was generated from mRNA using
the SuperScript 1 kit (Invitrogen, Carlsbad, CA, USA). Quantitative
amplification was carried out using the 7500 Real-time PCR
system (Applied Biosystems) and was monitored with TagMan
Gene Expression Assays using premade primers, human
glyceraldehydes-3-phosphate dehydrogenase (GAPDH), and
TagMan Universal PCR Master Mix according to the
manufacturer’s instructions (Applied Biosystems). All experiments
were carried out in triplicate. The following 16 cancer-associated
genes were examined: AFP, glypican 3 (GPC3), thrombopoetin
(THPO), S100 calcium binding protein P (S/00P), meprin
Aa (MEPIA), prospero-related homeobox 1 (PROXI), frequently
rearranged in advanced T-cell lymphomas 2 (FRAT2),
carcinoembryonic antigen-related cell adhesion molecule |
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(CEACAMI), frequently rearranged in advanced T-cell
lymphomas (FRATI), v-erb-b2 erythroblastic leukemia viral
oncogene homolog 3 (ERBB3), o2-HS-glucoprotein (AHSG), v-
raf murine sarcoma viral oncogene homolog Bl (BRAF),
suppression of tumongenicity (577), visinin-like-1 (VSNLI),
regucalcin (RGN), and secretagogin EF-hand calcium binding
protein (SCGN).

Text data mining. To find the transcriptional regulation network
of the identified genes, we carried out text data mining using
MetaCore (GeneGo, Saint Joseph, MI, USA: hutp://www.
genego.com). Dijkstra’s shortest path algorithms were first
calculated using a prefilter based on tissue type (fetal or non-fetal
liver).(24) Genes involved in transcriptional regulation were
then extracted from the networks. Finally, genes not involved in
the networks were excluded and a transcriptional regulation
network of AFP-related genes was obtained.

Immunchistochemical study, Immunohistochemical staining for
AFP and GPC3 was carried out using an automated immun-
ohistochemical stainer according to the manufacturer's protocol
(Envision; Dako Cytomation, Glostrup, Denmark). Serial sections
of formalin-fixed, paraffin-embedded tissues (4 um thick) were
placed on silane-coated slides. Sections with the maximum tumor
diameter were selected for immunohistochemical evaluation. A
polyclonal antibody against AFP (rabbit, 1:100 dilution; Dako
Cytomation) and an antibody against GPC3 (clone 1G12, 1:2000
dilution; BioMosaics, Burlington, VT, USA) were used. All sections
were evaluated by H.O. and TK. without knowledge of any clinical
or pathological information; cases for which consensus was not
reached were re-evaluated using a dual-headed microscope. AFP
and GPC3 expression in the sections was scored as follows:
negative, no membranous or cytoplasmic expression in the cancer
cells; positive 1+, membranous and/or cytoplasmic expression
observed in less than 50% of cancer cells; 24, membranous and/
or cytoplasmic expression in >50% of cancer cells.

Results

Expression of AFP in the liver cancer cell lines. We examined the
AFP expression levels in 21 liver cancer cell lines using western
blotting, DNA microarrays, and quantitative RT-PCR (Fig. 1a).
AFP measured by DNA microarrays and quantitative RT-PCR
showed consistent expression at the mRNA level in the 21 cell
lines (r3 =0.763). AFP expression at the protein level was
concordant with that at the mRNA level as measured by DNA
microarrays (rl = 0.613) and quantitative RT-PCR (r2 = 0.546)
(Fig. 1b). To examine the genes that had expression patterns
similar to AFP, we used DNA microarray data because western
blotting and quantitative RT-PCR do not generate gene expression
data in a genome-wide manner. The presence of a significant
correlation between western blotting data, DNA microarray data,
and quantitative RT-PCR data suggested that the use of microarray
data for measuring gene expression is quite acceptable.

Genes associated with AFP From an initial DNA mic-
roarray data set consisting of 12091 genes, we used MicroArray
Quality Control criteria to select the 213 genes whose expression
level significantly correlated with that of AFP (P < a = 0.0001)
(Supporting Table $1). The correlation coefficient value of the
selected genes was at least 0.724980 (Supporting Table S1).
The selected genes included hepatocyte nuclear factor 4, alpha
(HNF4A), transcription factor 1 (TCF1) and forkhead box A3
(FOXA3), the transcription factors for AFP (Table 1: Supporting
Table 52). Expression of the albumin family of genes, which is
regulated by the same transcription factors as AFP, such as
transthyretin, albumin, and vitamin D binding protein, was also
associated with AFP expression (Table I; Supporting Table 2).
We found that the expression of 18 liver cancer-associated genes
and 11 genes reported to be associated with malignancies other
than liver cancer cormrelated highly with AFP expression
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Fig. 1. a-Fetoprotein (AFP) exp!mion in the Iim
cancer cell lines i (a) AF 1
using Western blotting. Actin umd as pmiﬁvt
control, {(b) AFP expression at the protein level
was concordant with that at the mRNA level as
measured by DNA microarrays and quantitative
reverse transcription-polymerase chain reaction
(RT-PCR). r1, r2, and r3 are correlation coefficiency
values; r1, western blotting versus DNA

r2, western blotting versus quantitative RT- PCR.
3, quantitative RT-PCR versus DNA microarray.

d genes that were correlated with AFP and malignancies

Correlation coefficiency value Gene symbol Gene title
Transcription factors for AFP
0.881559 HNFaA, Hepatocyte nuclear factor da
0.800777 TCF1 Hepatic nuclear factor 1 (HNF1)
0.748229 FOXA3 Forkhead box A3
Albumin family
0.901225 ALB Albumin
0.738336 GC Vitamin D binding protein
0.917934 TR Transthyretin (prealbumin, amyloidosis type 1)
Hepatocellular carcinoma-related genes
0.931226 GPC3 Glypu:an 3
0.896721 ASGR2 Asialoglycoprotein )
0.885392 ASGR1 As:alog1yr.nprutzm rerzptor 1
0.875061 AHSG a-2-HS-glycoprotein
0.836128 THPO Thrombopoietin
0.814368 HPN Hepsin
0.804988 VTN Vitranectin
0.799604 PROX1 Prospero-related homeobox 1
0.771268 CEACAM1 Carcinoembryonic antigen-related cell adhesion
molecule 1 (biliary glycoprotein)
0.75632 ERBB3 Erythroblastic leukemia viral oncogene homolog 3 (avian)
0.741689 REL v-rel reticuloendotheliosis viral oncogene homolog (avian)
0.72498 FGFR3 Fibroblast growth factor receptor 3 (achondroplasia,
thanatophoric dmrﬂsrn]
0.725946 GLUL Gl nia ligase (gl ine sy )
0.76969 GJB1 Gap junction protein B1, 32 kDa (connexin 32,
Charcot-Marie-Tooth neuropathy, X-linked)
0.833362 PC Pyruvate carboxylase
0.850565 ViL1 Villin 1
0.73407 2G16 Zymogen granule protein 16
0.724989 PRAP1 Proline-rich acidic protein 1
Genes assoclated with cancer other than liver cancer
0.790659 EVA1 Epithelial V-like antigen 1
0.745726 SHD Src homology 2 domain containing transforming protein D
0.80636 MEP1A Meprin Aa (PABA peptide hydrolase)
0.83576 S100P $100 calcium binding protein P
0.790596 FRAT2 Frequently rearranged in ad i T-cell lympt 2
0.766911 FRAT1 Frequently rearranged in advanced T-cell lymphomas
0.730513 CHEK2 CHK2 checkpoint h log (Schi; charomyces pombe)
0.777384 577 Suppression of tumorigenicity 7
0.75987 DMD Dystrophin (muscular dystrophy, Duchenne and Becker types)
0.810027 VSNL1 Visinin-like 1
0.724989 PRAP1 Proline-rich acidic protein 1
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(Table 1; Supporting Table $2). As the aim of the present study
was to find genes whose expression correlated significantly with
AFP expression, and to discuss the possible mechanisms
underlying the contribution of aberrant AFP expression to the HCC
phenotypes, validation of the detected gene expression levels
using other methods was critical. The expression of 16 selected
genes, including AFP, was examined by quantitative RT-PCR,
showing consistent expression levels for all genes except S100P
and BRAF (Supporting Fig. S1).

Reported biological function of genes assodiated with AFP expression.
The identified genes were grouped based on their function as

reported previously: 11 genes are known to be involved in lipid
metabolism, 14 in the blood coagulation pathway, six in iron
metabolism, four in angiogenesis, and three encode complement
factors (Table 2). Five of the genes identified are reported to
be involved in signal transduction, including three in the Wnt
signaling pathway and two in the mitogen-activated protein
kinase pathway (Table 2).

Transcription network of the identified genes. We used a text data
mining approach to examine the transcriptional network of the
identified genes (Fig. 2: a higher resolution image of the network
is shown in Supporting Fig. 52). This literature-based interpretation

Table 2. List of a-fetoprotein (AFP)-associated genes that were involved in normal regulatory pathways

Correlation Gene symbol Gene title
Lipid catabolism™"
0.953605 APOB Apolipoprotein B
0.932435 APOAI Apolipoprotein Al
0.928801 FABPY Fatty acid binding protein 1, liver
0.911320 APOC2 Apolipoprotein C-i
0.897877 APOC3 Apolipoprotein C-il
0.789613 DHCR24 24-Dehydrocholesterol reductase
0.785963 APOH Apolipoprotein H
0.743957 UPC Lipase, hepatic
0.741831 SCARB1 Scavenger receptor class B
0.741049 HMGCS2 3-Hydroxy-3-methylglutaryl-Coenzyme A synthase 2
0.741007 PCSK9 Kexin type 9
Blood coagulation”®
0.931987 SERPIND1 Heparin cofactor
0.899619 PROZ Vitamin K-dependent plasma glycoprotein
0.875732 F7 Coagulation factor VIl
0.874013 F10 Coagulation factor X
0.854635 SERPINF1 -2 antiplasmin
0.840493 FGL1 Fibrinogen-like 1
0.832607 LOC55908 Hepatocellular carcinoma-associated gene TD26
0.811034 KNG1 Kininogen 1
0.793770 SERPINF2 @-2 antiplasmin PEDF
0.776527 PROC Inactivator of coagulation factors Va and Villa
0.773841 FGG Fibrinogen gamma chain
0.764485 SERPINCY Antithrombin
0.749890 F138 Coagulation factor i, B polypeptide
0.746955 F5 Coagulation factor V
Iron metabolism™
0.872017 LEAP-2 Liver-expressed antimicrobial peptide 2
0.860938 TF Transferrin
0.825157 HPX Hemopexin
0.783582 TFR2 Transferrin receptor 2
0.751094 HAMP Hepcidin antimicrobial peptide
0.727492 SLC11A2 Solute carrier family 11 (proton-coupled divalent
metal lon transporters), member 2
Angiogenesis™
0.763843 ANGPTL3 Angiopoietin-like 3
0.739551 HRG Histidine-rich glycoprotein
0.724980 FGFR3 Fibroblast growth factor receptor 3
0.811034 KNG1 Kininogen 1
Complement™
0.803829 CBA Complement component 8, a polypeptid
0.766028 Q Complement component 2
0.775684 (o] Complement component B, p polypeptide
wnt pathway™
0.931226 GPC3 Glypican 3
0.790596 FRAT2 Frequently rearranged in advanced T-cell lymphomas 2
0.766911 FRAT1 Frequently rearranged In advanced T-cell lymphomas
Mitogen-activated protein kinase pathway®
0.832252 MAP3K13 Mitogen-activated protein kinase kinase kinase 13
0.797606 MAPKE Mitogen-activated protein kinase 6
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