from 96 NSCLC specimens (Figs 2,S2). The prevalence of
methylation among the 96 cases was 25.0% (24/96) for mir-
152, 64.6% (62/96) for mir-9-1, 27.1% (26/96) for mir-124-1,
50% (48/96) for mir-124-2, and 50% (48/96) for mir-124-3.
The frequency of methylation is shown according to the clini-
cal features in Table 3. The methylation of mir-124-2 and mir-
124-3 was similarly and preferentially observed in older
patients or smokers. No significant correlations were seen
between the methylation status of mir-152 or mir-124-1 and the

mir-152

Table 3. Relationships between CpG island
carcinoma

81 82 83 84 85 86 87 88 L 89 90 97 92 83 94 85 96 L

clinicopathological features, whereas the methylation statuses
of mir-9-3, -124-2, and -124-3 were correlated with the T clas-
sification.

Risk of advanced pathological features according to CpG island
methylation status of five miRNAs. To estimate the risk of
advanced pathological features among the methylation statuses
of the miRNA loci, compared with that among the unmethylated
statuses, a multivariate logistic regression analysis was carried
out (Table 4). The odds ratio for each miRNA locus was

Fig. 2. Representative combined bisulfite restriction
analysis results of non-small-cell lung carcinoma
tissue samples. Arrows, unmethylated alleles;
arrowheads, methylated alleles; L, DNA size
markers; numbers on top, tissue samples; stars,
samples with significant restricted fragments from
methylated alleles.

methylation of miRNAs and clinicopathological features in 96 patients with non-small-cell lung

Methylated locus

Characteristics mir-152 mir-9-3 mir-124-1 mir-124-2 mir-124-3
n (%) P n (%) P n (%) P n (%) P n (%) P
Overall (n = 96) 24 (25.0) - 62 (64.6) - 26 (27.1) - 48 (50.0) - 48 (50.0) -
Age (years)
<65 (n = 47) 12 (25.5)  0.9062 26 (55.3)  0.0631 12 (25.5)  0.7376 16 (34.0)  0.0022* 18 (38.3)  0.0247*
>65 (n = 49) 12 (24.5) - 36 (73.5) - 14 (28.6) - 32 (65.3) - 30 (61.2) -~
Sex
Male (n = 60) 18 (30.0) 0.1441 40 (66.7) 0.5816 17 (28.3) 0.722 34 (56.7) 0.0917 33 (55.0) 0.2059
Female (n = 36) 6(16.7) - 22 (61.1) - 9(25.00 - 14 (38.9) - 15 (41.7) -
Smoking habit
Never (n = 33) 6(18.2) 0.2642 20 (60.6)  0.5554 8(24.2)  0.6503 11 (33.3) 0.0181* 11(33.3) 0.0181*
Ever {(n = 63) 16 (25.4) - 42 (66.7) - 18 (28.6) - 37 (58.7) - 37 (58.7) -
Histological type
Adenocarcinoma (n =78) 22 (28.2)  0.2253 52 (66.7)  0.3743 24 (30.8) 0.1402 36 (46.2) 0.1167 36 (46.2)  0.1167
Others (n = 18) 2(11.1) - 10 (55.6) - 2(11.1) - 12 (66.7) - 12 (66.7) -
Stage
IA, 1B (n = 67) 20 (29.9) 0.0953 42 (62.7) 0.5548 19 (28.4) 0.6692  31(46.3) 0.2664 33 (49.3) 0.8241
HA-HIA (n = 29) 4 (13.8) - 20 (69.0) - 7 (24.1) - 17 (58.6) - 15 (51.7) -
T factor
T1 (n = 54) 11(20.4) 0.2349 29 (53.7) 0.0115* 12(22.2) 0.2243 20 (37.0)  0.0040* 19 (35.2)  0.0010*
T2 (n = 42) 13(31.0) - 33 (78.6) - 14 (33.3) - 28 (66.7) - 29 (69.0) -
N factor
Negative (n = 67) 20 (29.9) 0.0953 42 (62.7)  0.5548 19 (28.4) 0.6692 31 (46.3) 0.2664 33 (49.3) 0.8241
Positive (n = 29) 4 (13.8) - 20 (69.0) - 7 (24.1) - 17 (58.6) - 15 (51.7) -
Lymphatic invasion
Negative (n = 72) 18 (25.0) 1.0000 44 (61.1)  0.2179 19 (26.4)  0.7909 34 (47.2) 0.3458 33 (45.8)  0.1573
Positive (n = 24) 6 (25.0) - 18 (75.0) - 7(29.2) - 14 (58.3) -~ 15 (62.5) -
Vascular invasion
Negative (n = 58) 15 (25.9) 0.8096 36 (62.1) 0.5245 15 (25.9) 0.7394 27 (46.6) 0.4038 28 (48.3) 0.6764
Positive (n = 38) 92370 - 26 (68.4) - 11 (28.9) - 21 (55.3) - 20 (52.6) -~
EGFR mutation
Negative (n = 65) 15(23.1) 03077 42 (64.6) 0.5949 17 (26.2) 0.7329  38(58.5) 0.0118*  36(55.4)  0.2007
Positive (n = 27) 9(33.3) - 19 (70.4) - 8(29.6) - 8(29.6) - 11(40.7) -

*P < 0.05. EGFR, epidermal growth factor receptor; n, number of cases.
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adjusted for age, sex, and smoking habit. The methylation status
of mir-9-3, -124-2, and -124-3 were significantly associated with
the T factor. When mir-9-3, -124-2, or -124-3 was methylated,
the adjusted odds ratio for a T2 status was 3.11 (95% CI, 1.26-
8.22; P =0.0130), 3.39 (95% CI, 1.39-8.67; P = 0.0066), or
4.17 (95% CI, 1.69-10.89; P = 0.0017), respectively. The status
of at least two methylated miRNA loci was also examined to
determine the association with advanced pathological features.
When the methylation of two or more miRNA loci was
observed, the estimated odds ratio for a T2 status was 4.75 (95%
CI, 1.83-13.59; P = 0.0011).

Kaplan-Meier estimates. The 5-year PFS of the cohort was
67%. In a univariate analysis of the known clinicopathological
risk factors, the T classification was the most significant prog-
nostic factor. Patients with a T2 status had a significantly lower
PFS (P <0.0001), compared with those with T1 disease
(Fig. 3A). The presence of at least two methylated miRNA loci,
which was shown to be a strong predictor of a T2 status, was
also a significant predictor of a poor PFS in a univariate analysis
(P = 0.0177, Fig. 3B).

Discussion

Our study showed that the CpG island methylation of mir-152
was common in NSCLC clinical specimens. The prevalence was
25%. However, no correlation was seen between the methylation
status of mir-152 and clinicopathological features. The methyla-
tion of mir-152 was reportedly associated with an advanced

tumor stage and a poorer PFS in patients with bladder cancer.!”’

The regulation of miRNAs is believed to be highly tissue spe-
cific;*® thus, the role of miR-152, if any, may not be dominant
in lung cancer.

Our results showed that the methylated status of mir-9-3 was
a significant risk factor for an advanced T status in a multivari-
ate regression analysis. In contrast, no correlation was seen
between the methylation of mir-9-3 and pathological parameters
other than the T classification. The methylation of mir-9-3 has
been reported in a wide range of primary tumors, such as colo-
rectal, head and neck, breast, and lung cancers, and mela-
noma.1? Lujambio et alt reported the frequency of
methylation in lung cancer to be 53%, and the methylation of
mir-9-3 was associated with lymph node metastasis. Although
we observed a similar proportion of methylated mir-9-3, no cor-
relation was seen between the methylation of mir-9-3 and lymph
node metastasis in our cohort. This discrepancy may be
explained by inconsistencies between the patient cohorts, as the
characteristics of the patients were not described in the previous
report. Other possible reasons could include the methods used to
detect methylation (i.e. methylation-specific PCR versus
COBRA), or the precise CpG site targeted for analysis by these
methods.

One remarkable finding regarding miR-124 was that mir-124-
2 and mir-124-3 showed similar methylation profiles that were
distinct from that of mir-124-1 (Table 3, Fig. S2), even though
mir-124-2 and mir-124-3 are on separate chromosomes (8ql2
and 20q13, respectively). The methylation of miR-124 has been

Table 4. Multivariate odds ratios (OR) and 95% confidence intervals (Ci) for the estimated risk of advanced pathological findings in non-small-

cell lung cancer specimens according to miRNA methylation status

T factor (T2 vs T1)

N factor (Positive)

Lymphatic invasion Vascular invasion

Category (Positive) (Positive)
ORTt (95%Cl) P ORT (95%Cl) P ORTt (95%Cl) P ORt (95%Cl) P

mir-152

Unmethylated 1.00 - 1.00 - 1.00 - 1.00 -

Methylated 1.76 (0.67-4.68) 0.2428 0.35 (0.09-1.09) 0.0719  1.04 (0.32-3.02) 0.9432  0.76 (0.27-1.99)  0.5815
mir-9-3

Unmethylated 1.00 - 1.00 - 1.00 - 1.00 -

Methylated 3.11 (1.26-8.22) 0.0130*  1.36 (0.53-3.72) 0.5212  1.77 (0.64-5.45) 0.2766  1.38 (0.57-3.48)  0.4717
mir-124-1

Unmethylated 1.00 - 1.00 - 1.00 - 1.00 -

Methylated 1.69 (0.67-4.29) 0.2591 0.80 (0.27-2.18)  0.6801  1.08 (0.36-2.97) 0.8776  1.18 (0.45-3.05)  0.7215
mir-124-2

Unmethylated 1.00 - 1.00 - 1.00 - 1.00 -

Methylated 3.39 (1.39-8.67) 0.0066* 1.98 (0.76-5.47) 0.1632 1.43 (0.53-3.94) 0.4766 1.37 (0.56-3.42) 0.4815
mir-124-3

Unmethylated 1.00 - 1.00 - 1.00 - 1.00 -

Methylated 4.17 (1.69-10.89)  0.0017*  1.25(0.48-3.33) 0.6371  1.84(0.68-5.21) 0.2290  1.12 (0.45-2.76)  0.7995
0 or 1 methylated locus 1.00 - 1.00 ~ 1.00 - 1.00 -
2 or more methylated loci  4.75 (1.83-13.59)  0.0011*  0.99 (0.38-2.68) 0.9994  1.98 (0.69-6.27) 0.2021  1.59(0.63-4.11) 0.3222

*P < 0.05. TOdds ratios are reported on the basis of a multivariate logistic regression model adjusted for age, sex, and smoking habit.

(A) 4 0 timms (B) ;o1
- Tl 1 M ) = Methylated miRNA locus < 2
R e T S VLo LI L Ly E
Z 08 Z 08
=l 3
[} 0
$ 08 $ 08
T o Methylated miRNA loci > 2
Fig. 3. (A) Kaplan-Meier analysis of progression- 204 2 04
) 2 Log-rank P<0.0001 2 Log-rank P=0.0177
free survival non-small-cell lung £ 02 2 o2
carcinoma patients according to T classification. (B) < 09:
Kaplan-Meier analysis of progression-free survival & 00 0.0

among 96 non-small-cell lung carcinoma patients,
according to the number of methylated loci.
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reported in various tumor types including colon, breast, lung,
and hegatocellular carcinomas, leukemias, and lympho-
mas. %220 However, whether the methylation of miR-124
occurs independently or coordinately remains uncertain.

The methylation of the promoter regions of certain protein-
coding genes is reportedlzy associated with poor clinical
outcomes in lung cancer. ) A subset of the CpG island meth-
ylator phenotgg)e (CIMP), originally established in colorectal
carcinoma, is characterized by the synchronous hyperme-
thylation of multiple promoter CpG island regions and peculiar
clinicopathological findings. Although several reports have indi-
cated that CIMP is also chstmgmshable in NSCLC and is associ-
ated with a poor prognosis, we have failed to distinguish
the phenotype in the previous study regardmg the methylatlon
of the promoter regions of numerous protein-coding genes.?
In the present study, we analyzed whether the concordant hyper-
methylation of multiple miRNA loci results in characteristics
similar to those of CIMP. The methylated status of two or more
miRNA loci was found to be associated with a significantly
higher risk for advanced T status independent of age, sex, and
smoking habit. Moreover, the methylation of multiple miRNA
loci was associated with a poorer PFS.

Whether the aberrant methylation that occurs in cancer is a
cause or a consequence is a difficult question.( The tumor
size of NSCLC can be assumed to reflect the number of cancer
cell divisions that have occurred since the initiation of carcino-
genesis. However, the pathological findings of lymph node
metastases or vessel invasions may be regarded as traits that
have acquired a certain aggressive character at some point in
time. Our result that only the T factor was associated with miR-
NA methylation suggests that the methylation of individual
miRNA loci did not trigger any drastic phenotypic change in
the NSCLCs and that what we observed was the accumulation
of DNA methylation events during tumor progression. Indeed,
accordmg to the neutral theor¥ of molecular evolution estab-
lished in population biology,®" it is most natural to suppose
that the great majority of somatic mutations or aberrant methy-
lations observed in cancer are neutral with regard to phenotypic
alterations. Alterations that truly disrupted the cell cycle and
affected the cell phenotype would be lethal for those cells, and
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such cells would probably not be visible in the tissue speci-
mens.

In the present study, we did not carry out an expression analy-
sis of miRNAs. Degrading of RNAs is inevitable during the
sample preparation. Moreover, detecting suppression of aber-
rantly methylated genes is vulnerable to minimal contamination
of highly expressed transcripts in the normal tissues. In this con-
cern, detecting the accumulation of DNA methylation in the pro-
moter region is one of the simplest and most consistent
approaches to looking at the natural course of carcinogenesis,
and our concept of focusing on a small number of examined loci
among a small miRNA population (less than one-tenth of the
protein coding genes) has the advantages of being cost-effec-
tive.

Although our data showed the impact of miRNA methylation
on PFS, the T classification was an outstandingly strong deter-
miner for PFS. Obtaining a greater number of study subjects and
redesigning the study into a comparison within a single T status
would be essential to assess the capability of miRNA methyla-
tion as a potential biomarker for cancer prognosis.

In summary, we analyzed the CpG island methylation statuses
of mi-152, -9-3, -124-1, -124-2, and -124-3 in NSCLC. We
found that the methylation of multiple miRNA loci was associ-
ated with an advanced T status as well as a poor PFS in a univar-
iate analysis. Our result enlightens the accumulation of aberrant
DNA methylation that occurs in concordance with the tumor
progression.
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The role of human papillomavirus (HPV) in the
development of lung and esophageal cancer
remains inconclusive, which is in contrast to
the established role HPV plays in the develop-
ment of uterine cervical cancer. One of the rea-
sons for this is the difference among reported
HPV infection rates in these cancers. An analy-
sis of 485 lung and esophageal cancers (176
lung squamous cell carcinoma, 128 lung adeno-
carcinoma, 181 esophageal carcinoma) in eight
institutions in Asia (Tokyo, Kochi, Kagoshima,
and Okinawa, Japan; Seoul and Daegu, Korea;
Changhua, Republic of China (Taiwan);
Singapore, Singapore) was carried out in order
to clarify infection rates with HPV. Samples
were examined in one laboratory of the Depart-
ment of Pathology, the University of Tokyo,
Japan in order to avoid inter-laboratory varia-
tion using a combination of polymerase chain
reaction and in situ hybridization (ISH). HPV
was found in 6.3%, 7%, and 9.4% of patients
with lung squamous cell carcinoma, lung ade-
nocarcinoma, and esophageal cancer, respec-
tively. Among the geographic areas surveyed,
Kagoshima exhibited a significantly higher
prevalence of HPV infection in cases of esoph-
ageal carcinoma (24.1%). There was no geo-
graphical difference in the infection rates of
HPV in lung carcinomas. Subtype-specific ISH
was also performed, which identified the high-
risk HPV types 16/18 in the majority (75.7%) of

© 2011 WILEY-LISS, INC.

the patients with lung and esophageal cancer
positive for HPV. J. Med. Virol. 83:1383-
1390, 2011. © 2011 Wiley-Liss, Inc.
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tion; lung cancer; esophageal
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INTRODUCTION

The causative role of human papillomavirus (HPV),
a double-stranded circular DNA virus, in uterine cer-
vical cancer is well established: HPV is present in
nearly all cervical cancer cases and its oncogenic abili-
ty has been previously demonstrated [Zur Hausen,
2009]. Among over 100 HPV types, several specific
high-risk types (16, 18, 31, 33, 45, 51, 52, 58, etc.) are
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responsible primarily for cervical carcinogenesis [Zur
Hausen, 2002; Narisawa-Saito and Kiyono, 2007].

In addition to cervical cancer, HPV infection has
been reported in various genital and non-genital can-
cers [Gillison and Shah, 2003; Zur Hausen, 20091
Among such cancers, anal squamous cell carcinoma
and oropharyngeal, lung, and esophageal cancer have
a relatively high rate of HPV infection [Gillison and
Shah, 2003]. The detection rate differs considerably,
particularly in esophageal (0-36%) and lung cancer
(3.3-79%) [Hirayasu et al., 1996; Syrjdnen, 2002; Gil-
lison and Shah, 2003; Chen et al., 2004], and the car-
cinogenic role of HPV in both of these cancers
remains controversial. The detection rate may be af-
fected by ethnicity or the study method. Meta-analysis
is one tool used to estimate the distribution of the
rate of HPV infection for these cancers in different
ethnic populations and in different regions. However,
the meta-analysis results do not necessarily eliminate
the effects of inconsistency in detection methods or
sampling modalities (i.e., fresh frozen tissue, forma-
lin-fixed paraffin-embedded (FFPE) tissue, or cytology
specimens). Thus, we performed this large-scale study
in which a standardized detection method was
employed in various regions and ethnic populations in
order to elucidate the extent of HPV involvement in
lung or esophageal carcinogenesis.

A total of 485 Asian cases of lung and esophageal
carcinoma were examined for evidence of HPV infec-
tion. To ensure precise and reliable data and to avoid
inter-method and inter-examiner variation, the sam-
ple source was limited to FFPE specimens, and
detected HPV using a combination of in situ hybrid-
ization (ISH) and polymerase chain reaction (PCR) at
a single laboratory. The samples were collected from
eight major medical institutions in Asia, including
regions HPV-endemic for lung cancer: Okinawa,
Japan, and Taichung, China.

SUBJECTS AND METHODS
Study Subjects

In total, 485 Asian cases were analyzed for HPV in-
fection, including 304 cases of lung cancer comprising
176 adenocarcinomas, 128 squamous cell carcinomas,
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and 181 cases of esophageal squamous cell carcinoma.
The samples were obtained from eight medical insti-
tutions in four Asian countries: Japan (The University
of Tokyo Hospital, Tokyo; Kochi University Hospital,
Kochi; Kagoshima University Hospital, Kagoshima;
and Urazoe General Hospital, Okinawa), Korea (Kore-
an Cancer Center, Seoul, and Keimyung University
Hospital, Daegu), Republic of China (Changhua Chris-
tian Hospital, Changhua), and Singapore (National
Singapore University Hospital). The ethnicity of the
case from each country was matched using the name
of the patient prior to anonymization for the study.
The number of cases obtained from each institute is
shown in Table I and demographic profiles of the
cases are provided in Table II. Patient history of
tobacco-smoking was available for University of
Tokyo Hospital cases, in which all patients with lung
squamous cell carcinoma and esophageal cancer, as
well as 16 out of 22 patients with lung adenocarcino-
ma, were smokers. Representative 4-pm-thick tumor
tissue sections of FFPE specimens were collected
for examination. Samples from Singapore National
University Hospital were collected in the form of tis-
sue microarray with the core representing 30 lung
cancer cases (15 adenocarcinomas and 15 squamous
cell carcinomas).

Approval for this study was obtained in accordance
with the legal regulations of each country by the ap-
propriate Institutional Review Boards. All samples
were obtained at the time of surgery.

HPV Detection by PCR

From each case, DNA was isolated from three sec-
tions (with the exception of the tissue microarray sam-
ples from Singapore) using a Puregene Tissue Kit
(Qiagen, Valencia, CA) according to the manufacturer’s
instructions. Initially, three 5-pm-thick sections of a
FFPE sample from each case were deparaffinized in
1,200 pl of xylene in a 2 ml microcentrifuge tube.
Deparaffinized samples were incubated with Protein-
ase K at 55°C overnight and then with RNAse A at
37°C for 15 min. After removing precipitated proteins
formed by the protein precipitation solution, DNA was
precipitated and retrieved using isopropanol. All of

TABLE I. Number of Cases From Participating Institutions

Number of cases

Lung squamous Lung Esophageal
Country cell carcinoma  adenocarcinoma cancer
University of Tokyo Hospital, Tokyo Japan 22 22 23
Kochi University Hospital, Kochi Japan 10 10 21
Kagoshima University Hospital, Kagoshima Japan 25 0 29
Urazoe General Hospital, Okinawa Japan 5 8 3
Korean Cancer Center, Seoul Korea 30 10 40
Keimyung University Hospital, Daegu Korea 34 33 34
Changhua Christian Hospital, Changhua Republic of China 35 30 31
National Singapore University Hospital, Singapore  Singapore 15 15 0
Total 176 128 181
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TABLE II. Demographic Profiles of Lung and Esophageal Cancer Cases
Histological
Age in years, Gender differentiation

Area Country Number of cases mean (SD) (male:female) (w:m:p)

(a) Lung squamous cell carcinoma
Tokyo Japan 22 70.1 4+ 6.96 20:2 4:8:10
Kochi Japan 10 65.9 + 6.23 8:2 2:6:2
Kagoshima Japan 25 67.8 £ 7.99 24:1 5:12:8
Okinawa Japan 5 704 £ 7.77 3:2 1:4:0
Seoul Korea 30 62.3 £ 7.62 28:2 5:20:5
Daegu Korea 34 NA NA NA
Changhua ROC 35 67.0 = 8.14 34:1 2:27:6
Singapore Singapore 15 NA NA NA
Total 176 (127 cases informative 67.1 =+ 10.0 117:10 19:77:31

for demographic information)

(b) Lung adenocarcinoma
Tokyo Japan 22 65.7 £ 9.71 19:3 10:9:3
Kochi Japan 10 68.5 + 9.70 6:4 4:2:4
Kagoshima Japan 0 NA NA NA
Okinawa Japan 8 72.0 + 9.05 71 2:4:2
Seoul Korea 10 60.3 & 7.13 7:3 2:5:3
Daegu Korea 33 A NA NA
Changhua ROC 30 68.4 + 10.77 18:12 15:12:3
Singapore Singapore 15 NA NA NA
Total 128 (80 cases informative 66.6 + 7.98 57:23 33:32:15

for demographic information)

(c) Esophageal cancer
Tokyo Japan 23 61.7 + 8.67 19:4 8:7:8
Kochi Japan 21 64.2 + 7.86 20:1 3:13:5
Kagoshima Japan 29 64.3 £ 11.10 28:1 13:13:3
Okinawa Japan 3 60.0 + 8.89 2:1 1:0:2
Seoul Korea 40 62.1 £ 6.78 38:2 15:23:2
Daegu Korea 34 NA NA NA
Changhua ROC 31 57.3 + 10.42 31:0 9:19:3
Singapore Singapore N. NA NA
Total 181 (147 cases informative 62.0 + 9.24 138:9 49:75:23

for demographic information)

w, well differentiated carcinoma; m, moderately differentiated carcinoma; p, poorly differentiated carcinoma; NA, not available; ROC, Repub-

lic of China.

the reagents, aside from xylene, were obtained
through the manufacturer. DNA yields were mea-
sured by absorbance at 260 nm (A260), and DNA pu-
rity was determined using the ratio of absorbance at
260 nm to absorbance at 280 nm (A260/A280). Scans
were performed using a Beckman spectrophotometer
DU 730 (Beckman Coulter Inc., Brea, CA). The DNA
vields averaged 21.4 ng/ml per sample, with a mini-
mum 5.46 pg/ml and maximum 66.24 pg/ml. DNA pu-
rity (A260/A280) averaged 1.98 with a standard
deviation of 0.39. There was no significant difference
in DNA yield or DNA purity between the samples of
various institutions or between cancer types. Beta-
globin PCR was performed to confirm the quality and
quantity of DNA extracted for HPV detection. The 110
base pair beta-globin gene PCR product was detected
in all DNA samples in accordance with the method of
Saiki et al. [1985]. For HPV detection, GP5+ and
GP6+ primers (GP5+: 5-TTTGTTACTGTGGTAGA-
TACTAC-3" and GP6+: 3'-CTTATACTAAATGTCAAA-
TAAAAAG-5') were employed; these primers were
designed to detect highly conserved HPV genome
sequences [Yoshikawa et al., 1991]. In a preliminary

study, we found that PCR using GP5+/6+ primers
detected 1-10 copies of HPV in DNA extracted from
Hela cells with a known HPV infection.

PCR was performed on 0.1 pg of extracted DNA
using G5+ and G6+ primers (50 pmol each), 5 units
of Tagq DNA polymerase (Takara, Tokyo, Japan),
200 pM dNTP, 3.5 mM MgCl, in 50 mM KCl,
and 10 mM Tris—HC] (pH 8.3). The standard DNA
amplification conditions employed were as follows:
denaturation for 4 min at 94°C, 40 cycles with dena-
turation for 1 min at 94°C, 2 min of annealing at
40°C, and 1.5 min of extension at 72°C. The final ex-
tension step at 72°C was increased to 4 min. PCR
products were electrophoresed on agarose gels (3%
Nusieve GTC; FMC Bioproducts, Rockland, ME) and
photographed.

In Situ Hybridization for HPV

For the initial screening, we performed ISH using a
wide-spectrum HPV probe on all cases. Subtype-spe-
cific HPV-ISH and/or PCR was then performed for the
cases that tested positive in the screening.

J. Med. Virol. DOI 10.1002/jmv



1386

The ISH screening was performed using a biotiny-
lated wide-spectrum HPV probe cocktail detecting
DNA-HPV types 6, 11, 16, 18, 31, 33, 35, 45, 51, and
52 (Y1443; Dako Japan, Tokyo, Japan). Additional
typing of HPV was performed using biotinylated HPV
probe cocktails for types 6/11 (Y1411; Dako) and for
types 16/18 (Y1412; Dako). Sections were deparaffi-
nized, digested with Proteinase K (0.25 mg/ml for
10 min at 37°C), and rehydrated. Background quench-
ing for 20 min was performed using 0.3% hydrogen
peroxide in methanol. Target and probe DNA samples
were denatured at 95°C for 5 min, and hybridization
was performed in a 5% COs humidified chamber over-
night at 37°C. Following stringent wash, GenPoint
Tyramide Signal Amplification System (K0620; Dako
Japan) was used according to the manufacturer’s
instructions. First, sections were incubated in a 1:100
dilution of primary streptavidin-HRP for 15 min,
washed, and then incubated with a biotinyl tyramide
solution for 15 min at room temperature. This was
followed by incubation with secondary streptavidin-
HRP for 15 min and diaminobenzidine chromogen for
5 min. Sections were counterstained with hematoxy-
lin, dehydrated, and mounted. Negative controls (with
the omission of probes) and positive controls (sections
of SiHa cells with HPV 16 infection [K0629; Dako]
and uterine low-grade squamous intraepithelial
lesions with HPV 11 infection) were included for each
test. Using light microscopy, ISH results were evalu-
ated independently by two researchers (AG and CL).
Cases with HPV signals in the nuclei of tumor cells
were determined to be positive.

Goto et al.

Statistical Methods

Chi-square and Fisher’s exact tests were performed
using the Statview computer program (Abacus Con-
cepts, Berkeley, CA). The results were considered to
be significant if the P-value was < 0.05.

RESULTS

The HPV signals in the HPV-ISH-positive cases ob-
served in the nuclei of the tumor cells demonstrated
an integrated form of HPV DNA [Cooper et al., 1991]
(Fig. 1).

Demographic profiles of the cases exhibiting HPV
infection are shown in Table III. In total, 37 lung and
esophageal cancers out of 485 cases (7.6%) were deter-
mined to be positive for HPV by PCR and/or wide-
spectrum ISH.

Geographical Distribution of HPV Infection in
Lung and Esophageal Cancers

HPYV detection rates, subdivided by cancer type and
geographic region, are illustrated in Figure 2. The
data is also provided in Supplementary Table 1.

Notably, the highest detection rate was observed in
esophageal cancer from Kagoshima, Japan (7/29
cases, 24.1%); this was a significantly higher detection
rate compared to esophageal cancer cases from Tokyo,
Kochi, or Seoul (P < 0.05). Moreover, in Kagoshima
the HPV infection rate for esophageal cancer was sig-
nificantly higher than that of lung squamous cell
carcinoma.

Fig. 1. Representative case of HPV-positive esophageal carcinoma. ISH, using wide-spectrum HPV
probe cocktail, showed dot-like signals in nuclei of cancer cells (arrow), which suggests integration of
HPV into host genome. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com|
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TABLE III. Characteristics of the Lung and Esophageal Cancer Cases With HPV Infection
Subtype-specific ISH
Wide-spectrum Histological
Area Country  PCR ISH HPV6/11 HPV 16/18 Age  Gender  differentiation
(a) Lung squamous cell carcinoma
1 Tokyo Japan - + + - 72 Male m
2 Kochi Japan + - - + 69 Male m
3 Kagoshima  Japan + - - - 74 Male m
4 Okinawa Japan + + + + 59 Male m
5 Seoul Korea - + + - 60 Male w
6 Daegu Korea - + + + NA NA NA
7 Daegu Korea + + — + NA NA NA
8 Daegu Korea + - + + NA NA NA
9 Changhua ROC + + - + 61 Male m
10 Changhua ROC + + + + 63 Male m
11 Changhua ROC + + + + 72 Male m
(b) Lung adenocarcinoma
1 Kochi Japan + - - + 46 Female w
2 Okinawa Japan + + - + 75 Male w
3 Seoul Korea + + + + 64 Male P
4 Seoul Korea + - - + 46 Female m
5 Daegu Korea - + - - NA NA NA
6 Changhua ROC + - - + 55 Male w
7 Changhua ROC - + + + 79 Male w
8 Changhua ROC + + - - 65 Male m
9 Changhua ROC + - + + 71 Male P
(c)Esophageal carcinoma
Tokyo Japan - + + + 53 Male w
2 Kagoshima  Japan - + + - 68 Male w
3 Kagoshima  Japan - + - + 64 Male m
4 Kagoshima  Japan + + + + 70 Male m
5 Kagoshima  Japan + + + + 72 Male W
6 Kagoshima  Japan ~ + - + 86 Male m
7 Kagoshima  Japan + + + + 65 Male W
8 Kagoshima  Japan + + + - 52 Male m
9 Seoul Korea + - - + 67 Male w
10 Seoul Korea + + + - 60 Male m
11 Seoul Korea + + + - 60 Male m
12 Seoul Korea — + + + 59 Male w
13 Daegu Korea ~ + - + NA NA NA
14 Daegu Korea — + + + NA NA NA
15 Daegu Korea + — + + NA NA NA
16  Changhua ROC - + - + 43 Male m
17 Changhua ROC + + + + 47 Male m

(+), positive; (-), negative; m, moderately differentiated cancer; w, well-differentiated cancer; NA, not available; age, age in years; ROC,

Republic of China.
For lung cancers, there was no significant
difference in the HPV detection rate between

regions or countries. Additionally, there was no
correlation between the HPV detection rate of lung
and esophageal cancers within a region (data not
shown).

Clinicopathological Characteristics of Cases
With HPV Infection

The clinicopathological information for each case in
six of eight participating institutions, including age,
gender, and histological differentiation of the tumor,
is shown in Table II. For HPV-positive cases, the fac-
tors are summarized in Tables III and IV. HPV-posi-
tive lung and esophageal cancer cases did not
significantly differ from HPV-negative cases for these
clinicopathological factors. Tobacco-smoking history
was available for the cases from Tokyo in which all

HPV-positive lung squamous cell carcinoma and
esophageal cancer cases involved smokers.

HPYV types in Lung and Esophageal Cancers

In cases that tested positive for HPV by PCR and/or
wide-spectrum ISH, type-specific ISH was performed,
results are shown in Figure 3.

The majority of the cases (28/37 cases, 75.7%) were
positive for HPV 16/18 ISH—the high-risk types of
HPV. Among these cases, 15 cases showed dual posi-
tivity for HPV 6/11 and HPV 16/18 ISH. Notably,
there was dual positivity in esophageal cancer in 8/17
cases (47.1%).

Comparison of HPV Detection Results Between
PCR and ISH

Two methods were employed in screening the 455
cases in this study: PCR using HPV common primers
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Fig. 2. HPV infection rates in lung and esophageal cancers by areas in Asia. The height of the bars
illustrates HPV infection rate (%) for lung adenocarcinoma, lung squamous cell carcinoma, and esoph-
ageal carcinoma in each area. HPV infection rate for esophageal carcinoma in Kagoshima, Japan
(24.1%, red-colored) was significantly higher than groups shown with yellow-colored bars (esophageal
cancer in Tokyo, Kochi, Daegu, and lung squamous cell carcinoma in Kagoshima).

GP5+/GP6+, and ISH using a wide-spectrum HPV
probe cocktail. The comparison of PCR results with
those of ISH is shown in Table V. The results of PCR
and wide-spectrum ISH were significantly correlated
(P < 0.0001). The results obtained in terms of sensi-
tivity and specificity when using the HPV positive
screening method of PCR with GP5+/GP6+ were
57.7% and 97.9%, respectively, whereas the results
obtained when using PCR along with wide-spectrum
ISH were 76.4% and 98.1%, respectively.

DISCUSSION

In the present study concerning HPV detection in
lung and esophageal cancers, a multi-institutional
study of Asian populations, inclusive of HPV-endemic
areas, was conducted. Okinawa, one of the southwest-
ern islands of Japan, is notable for its relatively high
incidence of HPV infection in cases of lung squamous
cell carcinoma—79% of cases have previously been
reported to be positive for HPV [Hirayasu et al., 1996;

Miyagi et al., 2000]. In the present study, the rate
(20%) was relatively lower than that reported in 1993.
Miyagi et al. [2000] also analyzed another cohort that
demonstrated 68%, 35%, 23%, and 24% infection rates
in 1995, 1996, 1997, and 1998, respectively. This indi-
cated a downward trend of the HPV infection rate for
lung squamous cell carcinoma in Okinawa, a finding
supported by the results of the present study in which
samples obtained in 1999 and 2000 were analyzed.
Miyagi et al. [2000] further attributed the decline of
the overall HPV infection rate to a change in the dis-
tribution of histologically differentiated carcinomas in
Okinawa: well-differentiated carcinoma with a high
rate of HPV infection to moderately or poorly differen-
tiated carcinoma with a low rate of infection.
Kagoshima in Japan was identified as the region
exhibiting the highest rate of HPV (24.1%) in cases of
esophageal cancer. This may be attributable to geo-
graphic variation rather than ethnicity, as other parts
of Japan (areas such as Tokyo and Kochi) did not
reveal a similarly high infection rate for HPV in

TABLE IV. Clinicopathological Characteristics of Lung and Esophageal Cancer Cases
With and Without HPV Infection

Age in Gender Histological
years (mean)  (male:female)  differentiation (w:m:p)
Lung squamous cell carcinoma 66.3/67.2 8:0/109:10 1:7:0/18:70:31
Lung adenocarcinoma 62.6/63.2 6:2/51:21 4:2:2/29:30:15
Esophageal cancer 61.9/62.5 14:0/124:9 6:7:0/43:68:23

HPV-positive case (bold)/HPV-negative case.

w, well-differentiated carcinoma; m, moderately differentiated carcinoma; p, poorly differentiated

carcinoma.
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Fig. 3. HPV subtypes in lung and esophageal carcinomas. The subgroups were categorized by
HPV 6/11 and HPV 16/18 infection status. Most of the cases (28/37 cases, 75.7%) were positive for HPV
16/18 ISH—the high-risk subtypes of HPV. Co-infection of HPV 6/11 and HPV 16/18 was observed in
15 cases (15/37 cases, 40.5%). [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

esophageal cancer. Kagoshima is located at the south-
ern end of Kyushyu Island, Japan. Fukuoka, in the
northern part of Kyusyu Island, has also been
reported to exhibit a relatively high rate of HPV infec-
tion (22.6%) in cases of esophageal carcinoma [Kawa-
guchi et al., 2000]. In contrast, reports from Honshu
Island, the Japanese mainland, indicated a lack of
HPV prevalence in squamous cell carcinomas [Mizo-
buchi et al., 1997]. Kyushyu Island may therefore be
considered an HPV-endemic region for esophageal
cancers. Such intra-national variance, between 0%
and 44%, has also been observed in India [Shukla
et al., 2009]. The results of the present study are in
concordance with this finding when the HPV infection
rate of 5% in lung cancer in India is taken into consid-
eration, which is comparable to our data in Asian
countries [Shukla et al., 2009].

Lung and esophageal carcinomas are both thoracic
cancers with similar etiological factors (tobacco smok-
ing) and demography (male predominance and greater
age at diagnoses) [Hirayasu et al.,, 1996; Syrjénen,
2002]. Despite these similarities, HPV infection for
these cancers has not been correlated previously with
the regions surveyed. Several recent lines of evidence
suggest that additional genetic factors of the host,

TABLE V. Comparison of HPV Detection Results Between
PCR and Wide-Spectrum ISH

HPV-wide spectrum ISH

(+) (=)
HPV-PCR (+) 15 9
HPV-PCR (-) 11 420
Number of cases P < 0.0001

(+), positive; (—), negative.

such as mutation of ras and myc amplification, are re-
quired for the development of cervical cancer, in addi-
tion to the deregulated expression of HPV oncogenes
[Narisawa-Saito et al., 2008]. Such genetic factors
may modify HPV-related carcinogenesis in lung and
esophageal cancers, which would explain the variabil-
ity between the infection rates of these cancers. Addi-
tionally, tobacco-smoking status may also influence
HPV infection rates [Cheng et al., 2001]. Information
on tobacco smoking was limited for the present study,
however, and further epidemiological investigation is
warranted to clarify the relationship between HPV in-
fection of these cancers and tobacco smoking or genet-
ic abnormalities.

In the present study, 16 out of 28 high-risk HPV16/
18-positive cases were also positive for HPV 6/11 and
low-risk types of HPV 6/11, such as laryngeal papillo-
mas and respiratory papillomatosis [Gillison and
Shah, 2003], which are associated predominantly with
the upper aerodigestive respiratory tract. Co-infection
of these high- and low-risk HPV types was also noted
in lung squamous cell carcinoma and a superimposi-
tion of low-risk types of HPV infection in HPV16/
18-positive cancers has been suggested [Hirayasu
et al., 1996]. In this study, the co-infection rate of 16/
28 (57.0%) is high, considering the HPV infection rate
of 8.1% in the total study cases. Vulnerability in im-
mune surveillance may exist for HPV in such cases of
co-infection of HPV subtypes. The ISH-based typing
utilized in this study did not distinguish HPV 16 and
HPV18 infection in the cases. HPV18 is reportedly
predominate in lung cancers, whereas HPV16 is pre-
dominate in esophageal cancer [Shukla et al., 2009];
this predominance may well apply to the cohort of the
present study.

In epidemiological studies, multiple methods have
been used previously to detect HPV. These include
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Southern blot, PCR, and ISH. Therefore, inter-method
variations have potentially affected the variations in
previously reported results. In this study, the results
correlated in a high percentage of the samples (95.6%)
by PCR using common primers (GP5+/GP6+) and
wide-spectrum ISH. However, some cases exhibited
discrepancies in the results. In 20 cases with such dis-
crepancies, 18 cases were positive for HPV upon sub-
type-specific ISH analysis. This demonstrates the
importance of employing a combination of screening
methods, particularly in studies using FFPE samples
in which the results of PCR and ISH might fluctuate.
The sensitivity of wide-spectrum ISH (76.4%) sur-
passed that of PCR (57.7%) in the present study. It is
notable that only three out of seven (42.9%) ISH-posi-
tive cases were positive by PCR in samples from
Daegu, Korea, whereas seven out of nine (77.8%)
ISH-positive cases were positive in samples from
Changhua, Taiwan (Table IID). Differences in FFPE
sample processing or storage status among institu-
tions may have resulted in such inter-institutional
variance in PCR sensitivity, and ISH may be a more
robust method to evaluate HPV infection from multi-
ple institutions. Recently, several methods, including
HC2 assay, INNO-LiPA, and HPV Chip have been de-
veloped to detect HPV with high specificity and sensi-
tivity, and the utilization of these methods may
improve the quality of molecular epidemiological stud-
ies using archived FFPE cancer samples [Bharti
et al., 2010]. However, these methods have been basi-
cally created to detect HPV infection in non-FFPE
uterine cervical specimens; thus, validation studies
may be required to detect HPV in archived FFPE
samples using these methods.

The present large-scale study investigated the rate
of HPV in esophageal carcinoma in Asia, where the
major histological type of esophageal cancer is squa-
mous cell carcinoma. In contrast, the major histologi-
cal type of esophageal cancer in western countries is
adenocarcinoma, in which the majority of cases devel-
op in Barrett’s esophagus and commonly remain in a
precancerous state. HPV has been reportedly identi-
fied in 31% of esophageal adenocarcinoma cases in the
North American population [Iyer et al., 2010]. The
higher HPV infection rate of esophageal cancer in
North America compared to the present results could
be attributable to the difference in the histological
type rather than the regional difference. Even with an
adjustment for cancer histology in the present study,
the difference in HPV infection rates between regions
might be due to another confounding factor.

In conclusion, 485 tumors in Asia were analyzed
and 6.3%, 7.0%, and 9.4% of cases tested positive for
HPV in lung squamous cell carcinoma, lung

J. Med. Virol. DOI 10.1002/jmv
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adenocarcinoma, and esophageal cancer, respectively.
This study demonstrated that the presence of HPV in-
fection in these cancers occurs at a relatively low rate
in Asia.
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Multicystic mesothelioma of the pericardium
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Multicystic mesothelioma is a well recognized but rare
serosal tumor which mainly arises from the peritoneum in
women and is considered as a benign lesion. This is the
second case report of pericardial multicystic mesothelioma,
which took a fatal clinical course. A 63-year-old man pre-
sented with pitting edema, shortness of breath, and hoarse-
ness. Radiological investigations revealed solid and cystic
tumor of the pericardium which was continuously extending
into the mediastinum and the liver. Pericardial biopsy
showed micro-cystic tumor lined by single layer of
mesothelial cells without atypia, and the diagnosis was mul-
ticystic mesothelioma. Curative surgery could not be per-
formed, and three years and four months later, the patient
died because of the direct compression of the heart by the
tumor. At autopsy, the tumor was found to be directly
extending into the right pleural cavity and the right lung,
besides the mediastinum and the liver. Neither malignant
transformation nor metastatic tumor was identified.

Key words: autopsy, mesothelioma, multicystic mesothelioma,
pericardium, postmortem CT

INTRODUCTION

Multicystic mesothelioma mainly arises from the peritoneal
surfaces of young to middle-aged women.'® The tumor is
considered as neoplastic lesion by some authors and as
hyperplastic reactive lesion by others, and its prognosis is
generally accepted as favorable. Multicystic mesothelioma
arising in the pericardium is exceedingly rare, and only one
infantile case with Down’s syndrome has been documented
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so far.® We herein report an adult case of pericardial multi-
cystic mesothelioma with fatal clinical course.

CLINICAL SUMMARY

A 62-year-old man without history of asbestos inhalation was
admitted to a nearby hospital complaining of pitting edema
and the needle biopsy was not diagnostic. Two years later, he
was admitted to The University of Tokyo Hospital complaining
of shortness of breath, and hoarseness. As the lesion was
diffusely occupying the pericardial cavity, and was strongly
adhesive to surrounding structures, curative resection of the
tumor could not be performed. His condition deteriorated due
to direct compression of the heart by the lesion and pneu-
monia, although the status of the tumor was stable after the
chemotherapy with gemcitabin. He died three years and four
months after the first admission to our hospital. At that time,
his plasma brain natriuretic peptide level (BNP) was
153.8 pg/mL (normal level: <18.4 pg/mL), while BNP level
one month before his death was 538.1 pg/mL.

PATHOLOGICAL AND RADIOLOGICAL FINDINGS

Computed tomography (CT) images on admission revealed
solid and cystic tumor diffusely surrounding the heart and
expanding into the upper mediastinum and the liver along the
falciform ligament. The solid component was 1-2 cm thick,
and showed intense enhancement suggestive of hypervas-
cularity. Just below the ventricular apex, there was a large
solid component of about 3x8 cm, and this component was
associated with a nonenhancing core with calcification.
Radiologically, this pericardial component was considered to
be the primary lesion. The cystic component was 1-6 cm in
diameter, and distributed throughout the pericardium and the
mediastinum (Fig. 1a). Pericardial biopsy disclosed micro-
cystic tumor lined by single layer of flattened or cuboidal
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Figure 1 (a) Sagittal reconstruction section of contrast-enhanced computed tomography (CT) on admission. Multiple cystic masses are
observed in the upper mediastinum and the liver with fluid density contents (asterisk). The pericardial tumor behind the ribs shows irregular
enhancement effect (arrow head). (b) Histological appearance of the pericardial biopsy specimen. The micro-cystic lesions are lined by single
layer of flattened or cuboidal mesothelial cells without atypia. (¢) MIB-1 labeling index is less than 5% at biopsy.

Figure 2 (a) Axial contrast-enhanced computed tomography (CT) on admission shows the hypoattenuating lesion with tiny calcifications in
the hyperattenuating mass around the heart (asterisk). LV, Left ventricle; RA, Right Atrium; RV, Right Ventricle; Ao, Aorta. (b) Gross appearance
of the tumor surrounding the heart. The grayish white tumor with numerous tiny cysts containing blood has completely obliterated the pericardial
space. Hard yellowish white nodule (asterisk) is observed in the pericardium. (c¢) Histological findings of the yellowish white nodule of the
pericardium. Several micro-cystic lesions lined by a single layer of mesothelial cells without atypia is observed in a densely hyalinized stroma
with a coarse calcification (lower left). (d) Histological findings of the heart at the autopsy. The tumor is infiltrating into the myocardium and
showing the same histological features as biopsy specimen (Fig. 1b). (e) Calretinin staining at autopsy. Focal positivity for calretinin is
observed. (f) D2-40 staining at autopsy. Diffuse immunostaining for D2-40 is observed. (g) MIB-1 labeling index at autopsy. Index at autopsy
is 5% or less as well as in biopsy. (h) Gross appearance of the liver. Large cystic lesions up to 10 cm in diameter were extending along the
falciform ligament.

right thoracic cavity, the right lung, and the liver. At autopsy,
the tumor showed micro-cystic and slit appearance besides

mesothelial-like cells without significant atypia (Fig. 1b).
Those cells were immunohistochemically focal positive for

calretinin and D2-40, while they were negative for thyroid
transcription factor-1 (TTF-1) and carcinoembryonic antigen
(CEA). Also, the cells were positive for epithelial membrane
antigen (EMA) and negative for desmin. No abnormal accu-
mulation of p53 was observed, and Ki-67 labeling index was
5 to 6% (Fig. 1c). The pathological findings were consistent
with multicystic mesothelioma.

In the postmortem CT images, the tumor infiltration was
confirmed in the entire mediastinum, pericardial cavity, the

grossly-visible cysts, and a pericardial hyalinizing lesion with
calcification which correlates to the CT finding on admission
(Fig. 2a—c). The tumor degeneration with hyalinization and
calcification was confined to the pericardium, indicating the
pericardial origin of the tumor. Tumor extension into the myo-
cardium was also observed (Fig. 2d). Immunohistochemical
findings of the tumor, including calretinin, D2-40, and Ki-67,
were identical to those of pericardial biopsy (Fig. 2e—g).
Although we investigated the whole cardiac wall microscopi-
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cally, no malignant transformation was identified at autopsy.
The tumor infiltration was identified in liver, right lung, and
nearby lymph nodes, which were considered as direct exten-
sion rather than metastases (Fig. 2h). No asbestos body was

found with iron staining in the lungs, pleura, peritoneum and

other organs. The final diagnosis was pericardial multicystic
mesothelioma extending into the heart, the mediastinum, the
right pleural cavity, the right lung, and the liver.

DISCUSSION

Since the first description by Mennemayar in 1979, approxi-
mately 130 cases of multicystic mesothelioma have been
documented to date." Multicystic mesothelioma usually is
localized to the pelvic peritoneal surface with female pre-
dominance.'? To date, only one case of pericardial multicystic
mesothelioma has been reported in a 7-year-old boy with
Down’s syndrome.® Thus, female predominance is not clear
in pericardial multicystic mesothelioma, and at the same
time, specific genetic predisposition, such as Down’s syn-
drome, is not obvious for the development of the disease.
Differential diagnosis of multicystic mesothelioma includes
lymphangioma, mesothelioma of the atrioventricular node,
adenomatoid tumor, and malignant mesothelioma. In lym-
phangioma, lymphoid aggregates and smooth muscle
bundles in the wall are frequently seen, and lymphangioma is
negative for cytokeratin and calretinin. Most patients of the
mesothelioma of the atrioventricular node have a history of
congenital heart block, while the present case did not have
such a symptom and the tumor was not supposed to have
developed in the atrial septum.” Adenomatoid tumor is
usually localized and circumscribed grossly. Epithelial malig-
nant mesothelioma may show multicystic features and bland
cytological appearance. However, the prognosis of pericar-
dial malignant mesothelioma is extremely ominous, with a
median survival time of less than 6 months.®® Also, abnormal
accumulation of p53 and Ki-67 labeling index of higher than
40% are frequently observed in malignant mesothelioma. %!
The present case of multicystic mesothelioma was differen-
tiated from other tumors by points described above.
Biological behavior of multicystic mesothelioma has been
considered as benign, and the term ‘benign multicystic
mesothelioma’ was proposed.' In spite of such general
understanding, recurrence or malignant transformation has
been reported in multicystic mesothelioma.>*'2 Sawh
reported that five cases had recurred in a series of 17 cases
of the multicystic mesothelioma of the peritoneum.® Even
though the term is often used to emphasize the difference
from diffuse mesothelioma, it would be safe to avoid the
usage of the term ‘benign multicystic mesothelioma’ in
the present situation where clinically benign behavior of the
tumor is not guaranteed. That is especially the case for

© 2011 The Authors
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multicystic mesothelioma arising in the thorax, as complete
resection of tumor is sometimes difficult and the prognostic
data is not sufficiently accumulated due to the extremely
small number of the cases. It would be reasonable to take
multicystic mesothelioma as a lesion of intermediate malig-
nancy between adenomatoid tumor and diffuse mesothe-
lioma as Weiss advocated.? The notion is also supported by
5 to 6% of Ki-67 labeling index of the present case, which
was between less than 2.7% of adenomatoid tumor and more
than 40% of diffuse mesothelioma.™

In summary, we report an adult case of pericardial multi-
cystic mesothelioma which took a fatal clinical course
because it could not be surgically resected, and it showed
extensive growth in the pericardium, mediastinum and right
pleural cavity.
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1. Introduction

Summary A 52-year-old man received a left pneumonectomy for pulmonary squamous cell carcinoma
without signs of recurrence after surgery. At age 68 years, a capsulated huge mass developed in the left
pleural cavity, which was diagnosed as chronic expanding hematoma. Two years and 8 months after
detection, the lesion began to invade the chest wall, and 10 months later, the patient died of active
bleeding and direct compression of the heart by the lesion. At autopsy, the left thoracic cavity was
occupied by a cystic and hemorrhagic mass infiltrating into the surrounding structures. In addition,
scattered tumorous nodules were observed in the right lung. Histologically, angiosarcoma with
irregularly anastomosing vessels lined with atypical endothelial cells was noted in the chronic
expanding hematoma. The final diagnosis was pleural cavity angiosarcoma arising in chronic expanding
hematoma and its metastases to the right lung.

© 2011 Elsevier Inc. All rights reserved.

especially in Japanese patients [2]. Almost all of the AS cases
complicated with pyothorax are associated with tuberculous

Angiosarcoma (AS) is a relatively rare soft tissue tumor,
accounting for less than 1% of all sarcomas [1]. It usually
occurs on the face and scalp, deep soft tissue, liver, spleen,
and breast. Pleural cavity AS is extremely rare and is
reported to have strong linkage with chronic pyothorax,
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pyothorax or a history of thoracoplasty for tuberculosis.

Chronic expanding hematoma (CEH) is a rare nonneo-
plastic reactive process, and it usually appears as a slowly
growing hematoma [3]. CEH grows supposedly because
unresolved initial hematoma leads to repeated organization
and hemorrhage from new fragile microvessels. CEH can
occur in various locations, including the chest [4]. CEH of
the chest is considered a specific type of chronic empyema
that occurs after thoracic injury, thoracic surgery, or
tuberculous pleuritis.
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Although CEH of the chest is an angioproliferative lesion
and also classified as a form of chronic empyema, there are
no English reports on AS associated with CEH to date. Here,
the authors report a case of pleural cavity AS arising in CEH
after pneumonectomy for lung cancer. CEH may be an
unrecognized AS-prone feature of the chest.

2. Case report
2.1, Clinical summary

A 52-year-old Japanese man received a left pneumonec-
tomy for pulmonary hilar cancer, pathologically diagnosed
as well-differentiated squamous cell carcinoma. According
to the TNM staging system (7th edition, International Union
against Cancer) [5], the tumor was staged as pT3NIMO,
stage IIb. He underwent adjuvant chemotherapy with

cisplatin and vindesine, and no recurrence of the cancer
was detected for 17 years (Fig. l1A). Preoperative or
postoperative irradiation was not performed.

At the age of 68 years, he was referred to our hospital
complaining of hoarseness. Chest computed tomographic
(CT) scan revealed a capsulated large mass in the left pleural
cavity, compressing the descending aorta (Fig. 1B).
Bronchoscopy, positron emission tomography, and gallium
scintigraphy showed no signs of malignancy. CT-guided
needle biopsy was performed, only to aspirate bloody fluid
containing no malignant cells. Culture of this specimen
revealed no bacterium. The mass was considered to be a so-
called CEH.

The size of the mass gradually increased, and the
patient’s laboratory data showed continuous C-reactive
protein elevation (5-10 mg/dL), which was consistent of the
course of CEH. However, 2 years and 8 months after
diagnosis, the CEH began to invade the chest wall with
osteolytic changes in the ribs (Fig. 1C). Needle biopsies

Fig. 1 A, Chest CT scan taken 8 years after left pneumonectomy. Left thoracic space shows soft tissue attenuation without signs of cancer
recurrence. B, Chest CT scan taken 17 years after left pneumonectomy. A huge mass is occupying the left hemithorax and compressing the
descending aorta. Compared with A, its growth is apparent. The CT findings are compatible with those of CEH. C, Two years and 8 months
after the first detection of CEH. In addition to similar findings as B, invasion to the chest wall (arrow) and osteolytic change (arrow head) is
observed. D, Just before the patient’s death. The heart is directly surrounded and compressed by the lesion (*).
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were performed twice, and both were unsuccessful in
obtaining enough tissue to evaluate.

Although the possibility of malignant tumor was
suspected, surgical treatment was not an option because of
the patient’s unstable condition. Ten months later, the patient
died as a result of the heart being directly compressed by the
lesion and the inability to arrest the active bleeding into the
cystic cavity (Fig. 1D). An autopsy was performed 2 hours
and 32 minutes after his death, with his family’s consent.

2.2. Autopsy findings

Grossly, a 38 x 18 x 12 cm-sized mass with a central
cavity containing necrotic and coagulative contents occupied
the entire left thoracic cavity. The wall of the lesion was ill
demarcated and strongly adherent and infiltrative to the
surrounding structures such as mediastinal fat tissue,
pericardial space, and myocardium. The mass was also
infiltrative to the chest wall, destroying the fourth and fifth
ribs and extending to the subcutaneous space.

Histologically, the central cavity was circumscribed by
hyalinized fibrosis and hyperplastic microvessels without
atypia, indicative of preexisting CEH (Fig. 2A and B). Such
CEH histology was further encircled and partly intermingled
with irregular anastomosing vascular channels of AS, lined
by atypical endothelial cells (Fig. 2A and C). Most of the
tumor cells of AS showed an epithelioid shape compared
with the endothelial cells of the CEH. Immunohistochemical
analysis was performed with antibodies against CD31 (JC/
70A, dilution 1:40; Dako Corp, Grustrup, Denmark), CD34
(QBENDI10, 1:400; Dako), Factor VIII-RA (F8/86, 1:700;
Dako), CEA (carcinoembrionic antigen) (II-7, 1:200; Dako),
cytokeratin (AE1/AE3, 1:200; Dako), EMA (epithelial
membrane antigen) (E29, 1:200; Dako), calretinin (5A5,
1:50; Novocastra, Necastle upon Tyne, UK), P53 (DO-1,
1:250; Immunotech, Marseille, France), and Ki-67 (MIB-1,
1:200; Immunotech). The immunohistochemical results are
summarized in Table 1. AS cells were strongly positive for
CD31, and the immunoreactivity was limited for CD31 (in
contrast to CEH microvessels and nondiseased vessels)
(Fig. 2D). AS cells were negative for carletinin, CEA, and

Fig. 2 A, Semimicroscopic view of the left thorax of the case. Pleura is fibrously thickened with coagula () inside. The hemorrhagic and
vascular lesion is infiltrating to adjacent pericardium at the left lower corner of the figure, which corresponds to AS histologically (b) on the
background of CEH (c). PL indicates pleura; PC, pericardium. B, Higher magnification of rectangular (b) area in A. Irregularly anastomosing
microvessels were observed with hyperemia and hemorrhage. The endothelial cells showed cellular atypia with epithelioid features, which was
suggestive of the diagnosis of AS. Higher magnification of rectangular (c) area in A. Proliferation of microvessels without atypia is seen, and
the histology is compatible with that of CEH. C, Higher magnification of rectangular (c) area in A. Proliferation of microvessels without atypia
is seen, and the histology is compatible with that of CEH. D, CD34 is strongly positive for AS vessels (*) and for surrounding CEH vessels
(arrow). Immunoreactivity of AS (*) vessels for CD31 is weaker than for CEH vessels (arrow). E, The lung parenchyma shows numerous
tumorous nodules (left). At higher magnification, atypical endothelial cells of AS are observed forming anomalous microvessels (right).
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Table 1  Summary of the results for immunohistochemical
analysis of the case

Antibody AS CEH vessels Normal vessels
CD31 Bt +++ S fel

CD34 + +++ =+

Factor VIII-RA ++ otk bt

CEA = > =

AE1/AE3 = = =

EMA = = =

Calretinin = = =

P53 -+ + =

Ki-67 SHs At +

+++ indicates 67% to 100% positive; ++, 33% to 66% positive; +, 1% to
33% positive; —, negative.

EMA, and no abnormal accumulation of p53 was observed
(Table 1). The overall pathologic features were diagnostic
of a pleural cavity AS arising in CEH.

The right lung had metastatic AS (Fig. 2E), and no
recurrence of the left lung squamous cell carcinoma was
identified at autopsy.

3. Discussion

CEH is a rare disease entity first advocated by Reid et al
[3]. It is defined as hematoma that persists and increases in
size more than a month after the initiating hemorrhage,
without histologic neoplasm and hemorrhagic diathesis. It
has a central mass of blood; a wall of granulation tissue; and
dense, fibrous tissue at the periphery. The growth mechanism
of CEH is still unclear, but some authors hypothesize that it
grows because of repeated hemorrhage from fragile micro-
vessels formed in inflammation, which is caused by a prior
hemorrhage [3,4].

In the present case, AS did not presumably coincide with
the first detection of thoracic mass lesion, as AS usually has
an ominous prognosis and patients seldom survive the period
of more than 3 years as in this case [1]. In addition, invasion
to the chest wall radiologically appeared 2 years and 8 months
after detection of the mass. Considering this clinical course,
it is conceivable that AS developed in preexisting CEH.

Differential diagnosis of CEH and AS is a histopathologic
challenge, as both show endothelial proliferation. In
fact, CEH has been alternatively termed as Masson's
pseudoangiosarcoma or extravascular papillary endothelial
hyperplasia, focusing on its angioproliferative features [6].
In the present case, endothelial atypia was noted only in AS
lesions, including its metastases in the right lung, and an
epithelioid appearance was observed in the AS cells. In
addition, AS of the present case showed differential
expression for CD31 and CD34. AS vessels were strongly
and diffusely positive for CD31, whereas its positivity was
limited for CD31, in contrast to the background CEH

vessels. Although comparative study of CD31 and CD34
expressions has not been extensively performed between AS
and nonmalignant vascular lesions, Rossi and Fletcher [7]
implicated greater positivity for CD34 than CD31 in AS
through their study of AS arising in hemangioma/vascular
malformation. Thus, the combination of CD34 and CD31
immunohistochemistry was helpful in distinguishing AS
from CEH in the present case. We also used p53
immunohistochemistry, as abnormal nuclear accumulation
of p53 has been reported in 20% of AS cases [8]. However,
AS in the present case showed only scattered staining in less
than 5% of the cells, and p53 was not useful in distinguishing
AS from background CEH. In addition, the MIB-1 labeling
index did not significantly differ between AS and CEH.

Pleural cavity AS is an extremely rare disease accounting
for only 6% of all ASs in a Japanese review study [2].
Interestingly, all of the pleural cavity AS cases in that series
were complicated with pyothorax related to tuberculosis. Thus
far, AS developing in CEH has not been reported in the English
literature. However, the inflammatory background seen in
chronic tuberculous pyothorax and CEH may play a role in AS
development. In addition, the involvement of vascular
endothelial growth factor has been implied for the growth of
AS by autocrine and paracrine loops, which might be shared by
CEH [1,9]. Thus, CEH may be another cause of AS
development, and AS could be a specific malignant compli-
cation of CEH, considering its angioproliferative features.

In summary, we report a pleural cavity AS arising ina CEH
case without a history of tuberculosis and radiation therapy,
known risk factors for AS. AS is a potential malignant
complication of thoracic CEH, and cautious observation for
AS is required in the clinical follow-up of the disease.
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