Artificial EMT in Samples

a b Biopsy Surgical
® :
i}
c
o
o
0
o
@
2 c
c [}
@ (%))
o %)
. e
SE o~
-
o

Set A Set
12295 genes @ 2328 genes

20biopsy 2205

SetA  \s. 20 surgical A

o 20 biopsy .
Setd vs. 20 surgical B 2328
setc  20biopsy oot

vs. 20 surgical C

48 genes

54 genes

243 genes
252 genes

et A

SetB SetC
: 297 genes 1 273 genes : 300 genes

“B). PLoS ONE | www.plosone.org 3 April 2011 | Volume 6 | Issue 4 | e18196



Artificial EMT in Samples

Figure 1. Comparison of expression profiles between biopsy and surgically resected esophageal tumor samples obtained from
different cases. (A} Unsupervised clustering with 3,126 processed genes. Surgical (a) and biopsy sample clusters (b) are shown. (B) Comparison of
expression profiles among three independent sets (A, B, and C): a randomly selected 20-biopsy sample set versus three surgical sample sets (A, B, and
C) containing 20 independent cases. The number of differentially expressed genes selected by u-test (p<<0.01): 2, 295 in set A, 2,328 in set B, and 2,
245 in set C (Upper). The number of differentially expressed genes with a 3-fold change between two average signal intensities: 297, 273, and 300.
Clustering results with these gene sets (Lower). (C) Up-regulated genes in surgical or biopsy samples, By the use of all of the profiles under stringent
selection conditions (see Materials and Methods), 38 and 219 genes were identified as up-regulated genes in the biopsy and surgical samples,

respectively.
doi:10.1371/journal.pone.0018196.g001

4 hours after resection revealed that mouse Zebl, Zeb2, Vim, and
Fn were induced 4 hours after resection (Figure 6B, lower).
Quantitative real-time RT-PCR conlirmed over-expression of
Lebl, Zeb2, Vim, and o afier resection (Figure 6C). Since overall
sensitivity of mouse allymetrix arrays is known to be lower than in
humans, and the use of a small amount of RNA such as laser-
captured subjects is also known to reduce microarray sensitivity,
Twist] mRNA iwself could not be detected in this mouse
experiment (data not shown),

To investigate whether aiEMT in the mRNA levels affects THC,
we performed IHG on a typical mesenchymal marker vimentin
8 hours after resection. Here we determined conditions under
which normal epithelial cell layers are stained. In all of the 3
independent samples examined, normal epithelial cell layers were
not found to be stained highly 8 hours after resection (Figures 7A~
C). The discrepancy between the mRNA level and protein level
can be explained by the two following reasons: 1) although
undifferentiated layers (basal and parabasal) have been reported to
express EMT-related genes including VIM [4], their expression
levels were much lower than tumor (Figure 5B). 2) it may also be
difficult to show the approximate 2-fold change in the mRINA level
(Figures 6B, C) as in the protein level by IHC, because THC is
inferior to RT-PCR in both sensitivity and quantification.

All of the results suggest that EMT, especially in the mRINA
level, is induced artificially in both normal and malignant
epithelial cells by surgical resection-related events (ischemia-
induced hypoxia and hyponutrition, and hypoxia-induced inflam-
mation, etc.).

Artificially Induced EMT (alEMT) by Surgical Resection
Prevents Microarray-based Subgroup Identification

Identification of clinically significant subgroups is very impor-
tant for personalized medicine and for drug development against
intractable cases. When we used the expression profiles of the 35
biopsy samples obtained from patients treated by chemoradiother-
apy [8], unsupervised clustering with 5,570 processed genes
(Materials and Methods) identified a good responder group
consisting of 9 patients (7/9, 78% showing complete response to
chemoradiotherapy) from the 35 (Figure 8A, left). However, when
the profiles of the 66 surgical samples were used, unsupervised
clustering with 2,016 processed genes could not identify any
subgroup (Figure 8A, right). Thus, biopsy sample expression
profiles seemed to be more eflective in subgroup identification
than those of the surgical samples, In fact, we previously reported
that biopsy sample expression profiles could distinguish long-term
or short-term survivors by definitive chemoradiotherapy [8];
however, surgical sample expression profiles never identified poor
prognostic subgroups with extensive lymph node metastasis [10].
Moreover, in the surgical samples, EMT was accelerated in 36
(85.7%) out of 42 esophageal cancers [9]. This high percentage
seems to be caused by aiEMT.

To address the reason why subgrouping is difficult in surgical
samples, we compared the number and distribution of each of the
processed genes, which were used for unsupervised clustering. We
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first selected genes with a signal intensity of more than 1,000 in
more than 10% of the samples. From 35 biopsy and 66 surgical
samples, 6,551 and 4,797 genes, respectively, were selected. From
these genes, we [inally selected more than 3-fold changed genes by
comparing the average signal intensity of cach gene in more than
10% of the samples. In the 35 biopsy samples, 85% (5,570) of
6,551 first processed genes remained, whereas the number of final
processed genes decreased from 4,797 first processed genes to
2,016 (42%) (Figure 8B, upper). OFf the 2,016 finally processed
genes in the surgical samples, 1,724 (86%) were included in the
5,570 finally processed genes in the biopsy samples; however,
3,846 (69%) of 5,570 genes were unique to the biopsy samples
(Figure 8B, lower). Morcover, frequency distribution (for percent-
age of samples) of these two finally processed-gene sets shows that
approximately 60% of the 2,016 processed genes in the surgical
samples express in only a limited number of cases (0-10%)
(Figure 8C). Accordingly, aiEMT in surgical samples may
diminish the number of processed genes useful for subgroup
identification.

Discussion

We recently reported the presence of crosstalk between
Hedgehog (Hh) and EMT signaling in normal and malignant
epithelial cells of the esophagus [9]. In that report, JEB2 was
shown to be a downstream gene of both a primary transcriptional
transclucer GLII in Hh signaling and of another EMT regulator,
TWIST1, and that ZEB2 further up-regulated 5 chemokine or
growth factor receptors, PDGFRA, EDNRA, CXCR4, VEGFR2, and
TREB (Figure S4). The Hh signal block inhibited esophageal
keratinocyte differentiation and cancer cell invasion and growth.
Accordingly, over-expression of JEB2 and TWISTI in surgical
samples of both normal and tumor tissues can induce EMT,
resulting in over-expression of representative EMT markers VIM,
IN, and COLs (Tigures 2,4, 6, 52, and S3) and membrane signal
transducers IL8, CXCL4, CCL5, CXCR4, PDGFRB, and TLR2
(Figure 2). Over-expression of the membrane signal transducers
can activate further down-stream cascades. This is a major reason
for the large dillerence of expression profiles between biopsy and
surgical samples (Figures 1 and 3).

Extensive contamination of normal mesenchymal portions in
surgically resected tumeor tissues can also explain the over-
expression of those EMT regulators and EMT-relaled genes, even
though trained pathologists carefully excised bulk tissue samples
from the main tumor, leaving a clear margin from the surrounding
normal tissue (Materials and Methods). However, the over-
expression was also observed in surgically resected normal tissue
and mouse epithelial cell layers 4 hours after rescction (Figure 6).
Therefore, we concluded that artificially induced EMT, termed
ailBMT, occurred in both normal and malignant cpithelial cells by
the surgical resection-related events (ischemia-induced hypoxia,
ischemia-induced hyponutrition, and hypoxia-induced inflamma-
tion, etc.) (Figure S1).

Recently, the hypoxia-inducible factors (HIF-1A or HIF-2A)
have been reported to directly regulate TWIST1 [13, 14] and
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Figure 2. Representative EMT related genes over-expressed in surgically resected esophageal tumor samples. (A) Expression patterns
of an epithelial cell marker E-cadherin (CDH1) and typical EMT markers including fibronectin (FN), vimentin (VIM), and collagens (COLs). (B) Expression
patterns of 6 membrane signal transducers: a cytokine (/L8), two chemokines (CXCL9 and CCL5), and three membrane type receptors (CXCR4, PDGFRB,
and TLR2). (C) Semi-quantitative RT-PCR results of these 6 membrane transducers in representative samples.

doi:10.1371/journal.pone.0018196.9002

LOXL2, which reportedly stabilized an EMT regulator, SNAI1/
SNAIL, through physical interaction on the SLUG domain and
Snail’s lysine residues K98 and K137 [15]. The SNAIl binding
site was also found in the 5° promoter region of JEBZ [16]. Over-
expression of both HIFIA and LOXL2 was observed only in the
surgically resected tumor tissues obtained from different cases
(Figure S5). Moreover, other HIFI families (HIFIB and HIF24)
were never over-expressed in any of the surgical samples.
Therefore, elucidation of the molecular mechanisms of aiEMT
in surgical samples remains for future studies. However, we noted

. PLoS ONE | www.plosone.org

that ischemia-induced hypoxia and/or inflammation has been
reported to release repression of NIFkB [17], which regulates
ZEBI, ZEB2, and TWISTI [18, 19] and that TGF-B signaling
may be involved in aiEMT, because over-expression of NFEBI
and TGFBR2 was found in surgical samples (Figure S6).

As mentioned in the Introduction, surgical samples have been
used as important subjects for clinical and basic cancer research for
many years. Therefore, ailEMT in surgical samples may have
possibly interfered with or prevented not only microarray- or
immunohistochemistry-based clinical research (diagnostic marker

April 2011 | Volume 6 | Issue 4 | 18196



Surgical

Artificial EMT in Samples

41 genes

716 genes

Figure 3. Up-regulated genes in biopsy and surgically resected esophageal tumor samples obtained from identical cases. By
stringent selection (see Materlals and Methods), 41 and 716 genes were identified as up-regulated genes in the biopsy and surgical samples,

respectively.
doi:10.1371/journal.pone.0018196.g003

identification, subgrouping, making predictors, and prognosis
evaluation, etc.) but also basic research (making a signal pathway
map, therapeutic target identification, etc.). This study will likely
evoke fundamental misinterpretation including underestimation of
the prognostic evaluation power of markers by overestimation ‘of
EMT in past cancer research, and will provide some advice for the
near future as follows: 1) Understanding how long the tissues were
under an ischemic condition (from start of resection to stock or RNA
preparation). The total amount of time should never exceed
4 hours. 2) Prevalence of biopsy samples for in v expression
profiling with low biases on basic and clinical research; for example,
for clinical outcome prediction of not only neoadjuvant but also
adjuvant chemotherapy, radiotherapy, and chemoradiotherapy
such as in previous reports [8, 20-23]. 3) Checking cancer cell
contents and normal- or necrotic-tissue contamination in biopsy
samples for the prevalence. In sampling by a needle biopsy, tumor
portions (2mm X 2mm) should be obtained from a margin
(periphery) of the tumor by exclusion of central necrotic lesions

PLoS ONE | www.plosone.org

under endoscopy. If necrotic lesions were severely contaminated in
the samples, those samples should be excluded by quantifying and
qualifying RINA. If the samples contained extensive normal lesions,
such samples can be excluded by the expression profile-based
scoring method using normal and/or tumor specific genes.

Materials and Methods

Tissue Samples

Al esophageal cancer (squamous cell carcinomas) and non-
cancerous tissues were provided by the Central Hospital or East
Hospital at the National Cancer Center after obtaining written
informed consent from each patient and approval by the Center’s
Ethics Commiittee.

All surgical samples were obtained from patients without
neoadjuvant therapy, and all biopsy samples were obtained before

treatment. For the surgical samples, trained pathologists carefully

excised bulk tissue samples from the main tumor, leaving a clear

Aprit 2011 | Volume 6 | Issue 4 | e18196
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Figure 4. Representative EMT related genes also over-expressed in surgically resected esophageal tumor samples obtained from
identical cases. (A) Expression patterns of 2 representative EMT regulators (ZEBT and ZFB2), 8 typical EMT markers including fibronectin (FN),
vimentin (VIM), 3 collagens (COL1A2, COL3AT1, and COLT4A1), FBNT, MYH11, and ACTC1, and 2 EMT-related myogenic transcription factors (MEOX2 and
MEF2C). (B) Quantitative real-time RT-PCR results of ZEB1, ZEB2, FN, and VIM. Closed box: surgical sample; Open box: biopsy sample.

doi:10.1371/journal.pone.0018196.g004

margin from the surrounding normal tissue. Thus, we obtained
surgical samples from a margin (periphery) of the tumor. For the
needle biopsy samples, tumor portions (2 mm X 2 mm) were
obtained under endoscopy from a margin of the tumor by

exclusion of any central necrotic lesions. If the samples were
severely contaminated by necrotic lesions, those samples were
excluded by quantifying and qualifying RNA. If the samples
contained extensive normal lesions, we excluded such samples by

Figure 5. Immunohistochemistry (IHC) of a typical EMT marker vimentin in biopsy and surgically resected tissues. IHC of vimentin in
an additional surgical sample, which contained narmal portions, showed that normal esophageal epithelial cells were not stained, but invasive tumor
cells were (A, B). In 3 out of 5 pairs of biopsy and surgical samples, over-expression of vimentin was observed in the surgical samples (biopsy: C, E, G;

surgical: D, F, H).
doi:10.1371/journal.pone.0018196.g005

'_", PLoS ONE | www.plosone.org
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Figure 6. Over-expression of EMT regulators and markers in surgically resected normal tissues. (A) Over-expression of EMT-regulators
(ZEB1, ZEB2, and TWIST1) and EMT-markers (VIM and FN) in surgically resected normal esophagus mucosa. (B) induction of mouse Zeb1, Zeb2, Vim, and
Fn under ischemic condition. After resection of mouse esophagus, we placed it on PBS for 0 or 4 hours at room temperature (under an ischemic
condition), immediately made frozen sections, captured the epithelial cell layer (upper) by laser microdissection, amplified mRNA by TALPAT [24-28],
and obtained expression profiles using Mouse Expression Array 430 2.0 (Affymetrix, Santa Clara, CA). Experiments were performed on 3 mice. The
Zeb1, Zeb2, Vim, and Fn genes are induced 4 hours after resection {Lower). *P<0.05. (C) Quantitative real time RT-PCR of Zeb1, Zeb2, Vim, and Fn.

Over-expression of Zeb1, Zeb2, Vim, and Fn, shown by microarray, was confirmed.

dai:10.1371/journal.pone.0018196.9006

the expression profile-based scoring method using normal and/or
tumor specific genes (in preparation).

The overall process of an esophageal cancer operation recjuires
much time. Therefore, surgical samples were excised from a
margin of the tumor by trained pathologists after exposure for 4—
7 hours under an ischemic condition, and were immediately
frozen at —80°C until use. On the contrary, needle biopsy samples
resected under endoscopy were immediately frozen at —80°C until
use. Clinicopathological information is given in Tables S3, 54, S5.

Laser Microdissection followed by RNA Extraction and
Amplification

Ciryostat sections (8um) of frozen mouse esophageal samples were
laser-microdissected with the mmi CellCut system (MMI Inc.,

Rockledge, FL). Total RNA was isolated by suspending the cells in
an ISOGEN lysis buffer (Nippon Gene, Toyama, Japan) followed by
precipitation with isopropanol. RNA was amplified by an efficient
method of high-fidelity mRNA amplification, called TALPAT (T7
RNA polymerase promoter-attached, adaptor ligation-mediated, and
PCR amplification followed by i vitro T7-transcription) [24-28].

Microarray Analysis

Gene expression profiles were obtained from 166 samples:
tumor sets (different cases) of independent 35 and 20 biopsy
samples and 66 surgical saumples, another tumor set (identical case)
of 18 biopsy samples and 18 surgical samples, a normal set of 4
biopsy samples and 5 surgical samples. Total RNAs extracted from
the bulk tissue samples were biotin-labeled and hybridized to high-

8h

Oh

Figure 7. Inmunohistochemistry (IHC) of a typical EMT marker vimentin in mouse esophagus. After resection of mouse esophagus, we
placed it on PBS for 0, 4, 8 hours at room temperature (under an ischemic condition), immediately made frozen sections, and IHC of vimentin was
performed under more sensitive conditions compared with Figure 5. Experiments were performed on 3 mice (A-C). Over-expression of vimentin in
mouse esophageal epithelium was not observed even after 8 hours of exposure under an ischemic condition. Arrow: vimentin-positive smooth
muscle, arrow head: mouse stratified esophageal epithelial cell layers.

doi:10.1371/journal.pone.0018196.g007
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Figure 8. Artificially induced EMT prevents microarray-based subgroup identification. (A) Unsupervised clustering of 35 biopsy and 66
surgically resected esophageal tumor samples with 5,570 and 2,016 processed genes, respectively. A sample cluster with 2,971 genes appears only in
the biopsy samples. (B) Comparison of the number of processed genes for unsupervised clustering between biopsy and surgical samples. The
number of processed genes and commonly selected genes is indicated. (C) Frequency distribution for percentage of samples of finally processed-
gene sets. Each distribution of 5, 570 genes in biopsy samples (Left) and 2,016 genes in surgical samples (Right) is indicated.

doi:10.1371/journal.pone.0018196.g008

density oligonucleotide microarrays (Human Genome U95Av2 or
U133PLUS2.0 Array, Aflymetrix, Santa Clara, CA, USA) in
accordance with the manufacturer’s instructions. For laser-
captured mouse csophageal epithelial cell layers, Mouse Genome
430 2.0 Array was used. The scanned data of the arrays were
processed by Affymetrix Microarray Suite version 4.0 or 5.0,
which scaled the average intensity ol all the genes on each array to
a target signal of 1,000 to reliably compare variable multiple
arrays. All the microarray data have been deposited in a MIAME
compliant database, GEO; the accession number SuperSeries
GSE22954.

Gene Selection from Microarray Data and Hierarchical
Clustering

Hierarchical clustering is widely used as one of the unsupervised
learning methods. Hicrarchical clustering of microarray data was
performed by the use of GeneSpring (Agilent Technologies Lid.,
CA, USA), Microsoft EXCEL, and Cluster & TreeView software
[29].For unsupervised clustering (Figures 1A and 8A), we first
selected genes with a signal intensity of more than 1,000 in more
than 10% of the samples, and [rom these genes, we finally selected
more than 3-fold changed genes by comparing the average signal
intensity of each gene in more than 10% of the samples. For
overexpressed genes in the surgical or biopsy samples, we first
selected genes by u-test (p<0.01), permutation test, and 2- or 3-
fold change between the average signal intensities of the two sets of
samples, and from the first selected genes we finally selected genes
with more than 1,000 in average signal intensity.

Semi-quantitative and Quantitative RT-PCR

Total RNA was isolated by suspending the cells in Isogen lysis
buffer (Nippon Gene, Toyama, Japan) followed by precipitation
with isopropanol. RT-PCR was carried out using primer sets

designed for’ detecting the 3’ side of cDNA of each human gene:.

for IL8, 5'- TGCCAAGGAGTGCTAAAG -3’ and 5'- CTCCA-
CAACCCTCTGCAC-3', for CAXCR4, 5-TGTATGTCTCG-
TGGTAGGAC-3' and 5-AGACTGTACACTGTAGGTGC-
3’ for CXCL9, 5-ACAAAGAAAATATTTCAAATTACAA-
GG-3' and 5-GGGAACGGTGAAGTACTAAGC-3', for
PDGFRB, 5'-ACTGCCCAGACCTAGCAGTG-3" and 5'-CAG-
GGAAGTAAGGTGCCAAC-3', for CCL5, 5'-CCCCGTG-
CCCACATCAAGGAGTATTT-3' and 5'-CGTCCAGCCTG-
GGGAAGGTTTTTGTA-3', for TLR2, 5'-CCAGCAGGAA-
CATCTGCTAT-3" and 5'-TCCAGGTAGGTCTTGGTGTT-
3', for JEBI, 5'-CGTCTCTTTCAGCATCACCA-3" and 5'-
ATGGGAGACACCAAACCAAGC-3", for <ZEB2, 5'-CAT-
GACGTTGATCATTTGGGC-3" and 5'-CGAGCATGGT-
CATTTTCAAAAG-3', for FN, 5'-CGGGGGAAATAATTC-
CTGTG-3" and 5'-CCTTGCAGGCAATCTCTTTG-3', for
VIM, 5'-GCTTTCAAGTGCCTTTCTGC-3' and 5'-GTTG-
GTTGGATACTTGCTGG-3', and for ACTB (B-actin), 5'-
TCATCACCATTGGCAATGAG-3' and 5'-CACTGTGTT-
GGCGTACAGGT-3'. Primer sets for detecting each mouse gene
were also designed: for Zebl, 5'-TAACATTTATACTTGC-
CTCC-3" and 5'-GCTAAGGGAATGAGTTATGG-3', for
Zeb2, 5'-ACCAAATCAGACCACGAGGA-3' and 5'-GCCCCT-
TCTGTCCCTCTCTA-3', for Fa, 5'-CCGTGGGATGTTIT

@ PL0S ONE | www.plosone.org

GAGACT-3' and 5'-GGCAAAAGAAAGCAGAGGTG-3', for
Vim, 5'-ACGGTTGAGACCAGAGATGG-3' and 5'-CGTCTT-
TTGGGGTGTCAGTT-3' , and for detB, 5'-GCTCTTTTCC-
AGCCTTCCTT-3" and 5'-GTACTTGCGCTCAGGAGGAG-
3'. For semi-quantitative RT-PCR, we showed data within linear
range by performing 25-35 cycles of PCR. Quantitative real-time
PCR was performed by a Bio-Rad iCycler with iQ Syber Green
Supermix (Bio-Rad, Hercules, CA, USA) as directed by the
manufacturer. The value of 1/2N (N: the number of PCR cycles
corresponding to the onset of the lincar amplification of each gene
product) was calculated as a relative mRNA expression level of
each gene normalized to ACTB, The data from 2 independent
analyses for each sample were averaged.

Immunohistochemistry

For immunohistochemical staining of {rozen sections of human
and murine esophagus, specimens that were embedded in a
TissueTek OCT medium (VWR  Scientific Products, West
Chester, CA) and stocked at —80°C until use were cut into 8pum
sections, which were then left for 30 min at room temperature
followed by fixing in 4% paraformaldehyde for 20 min at room
temperature. Endogenous peroxidase activity was inhibited with
3% H,0, in methanol for 30 min. Blocking was carried out with
Vectastain ABC Elite Kit (Vector Laboratories, Burlingame, CA)
for 30 min at room temperature. Sections were incubated for
60 min at room temperature with diluted mouse monoclonal
antibody directed against human vimentin (N1521, DAKO,
Carpinteria, GA) or rabbit polyclonal antibody directed against
mouse vimentin (#3932, Cell Signaling Technology Japan,
Tokyo, Japan). After washing sections with PBS, biotinylated
secondary antibodies were applied for 30 min at room tempera-
ture. Detection was carried out by using Vectastain ABC Elite Kit
(Vector Laboratories) and the DAB system (DAKO, Tokyo), and
the sections were counter-stained with 1% Methyl Green. (Sigma,
Saint Luis, MO)

Supporting Information

Figure S1 Schema of artificial factors during surgical resection
and sample transportation. Biopsy samples are small, much
fresher, with low contamination of normal portions compared to
surgical samples, whereas some artificial factors such as ischemia,
hypoxia, hyponutrition, and cold stress possibly occur during
surgical resection and sample transportation.

(TTF)

Figure 82 Expression levels of ZEBI and JEB2 in two sets of
biopsy and surgical samples (different and identical cases). Over-
expression of both genes is observed in surgically resected
esophageal tumors, except JEB2 in the different cases. *P<0.05.

(TIF)

Figure 83 Expression levels of T1V/ST7 in two sets of biopsy and
surgical samples (different and identical cases). Over-expression of
TWISTI is observed in surgically resected esophageal tumors.
*P<0,05.

(T1F)
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Figure 84 Schema of crosstalk between Hh and EMT signal
pathways in esophageal cancers. The primary transcriptional factor
GLI1 and an EMT regulator TWIST1 regulate another EMT
regulator ZEB2, which activates any gene including membrane type
receptors (PDGFRA, EDNRA, CXCR4, VEGFR2, and TREB) [9].
(T1F)

Figure S5 Expression levels of HIFIA, HIFIB, HIF24, and LOXL2
in two sets of biopsy and surgical samples (different and identical
cases). Over-expression of HIFIA and its target LOXL2 is observed
only in surgically resected esophageal tumors (different cases).

(T1F)

Figure S6 Expression levels of MFEBI and TGFBRZ in two sets of
biopsy and surgically resected tumor samples (different and identical
cases) and in biopsy and surgically resected non-cancerous tissues
(normal). Over-expression of NFKBI and TGFBR?2 is observed in all
the sets of surgically resected samples. *P<<0.05.

(TIF)

Table S1 219 up-regulated genes in 66 surgically resected
esophageal tumors.

(DOC)

Table 82 716 up-regulatéd genes in 18 surgically resected
esophageal tumors.
(DOG)
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Diagnosis of the Extent of Advanced Oropharyngeal and
Hypopharyngeal Cancers by Narrow Band Imaging
With Magnifying Endoscopy

Hiroki Matsuba, MD; Chikatoshi Katada, MD, PhD; Takashi Masaki, MD; Meijin Nakayama, MD, PhD;
Tabito Okamoto, MD; Noboru Hanaoka, MD, PhD; Satoshi Tanabe, MD, PhD;
Wasaburo Koizumi, MD, PhD; Makito Okamoto, MD, PhD; Manabu Muto, MD, PhD

Objectives/Hypothesis: Narrow band imaging combined with magnifying endoscopy (NBI-ME) is useful for the detec-
tion of superficial cancer in the oropharynx, hypopharynx, and esophagus. We used NBI-ME to evaluate the frequency of su-
perficial cancer spread {SCS) contiguous with advanced oropharyngeal and hypopharyngeal cancers and esophageal cancers.

Study Design: Retrospective.

Methods: We retrospectively studied 45 patients with oropharyngeal and hypopharyngeal cancer and 44 with esopha-
geal cancer who underwent NBI-ME from Octaber 2006 through April 2009. The following variables were evaluated: 1) the
frequency of SCS contiguous with advanced oropharyngeal and hypopharyngeal cancer and esophageal cancer, and 2) the
influence of SCS contiguous with advanced oropharyngeal and hypopharyngeal cancer on clinical T category and clinical
stage.

Results: SCS contiguous with the primary tumor was found in 49% (22/45) of the patients with advanced oropharyn-
geal and hypopharyngeal cancer and in 52% (23/44) of those with advanced esophageal cancer. When SCS contiguous with
the primary tumor was included in the evaluation of tumor size in advanced oropharyngeal and hypopharyngeal cancer, the
clinical T category and clinical stage were revised in 20% (9/45) and 4% (2/45) of patients, respectively; SCS was <2 cm in
64% of cases (14/22) and between >2 cm and <4 cm in 36% (8/22).

Conclusions: NBI-ME should be included in the pretreatment diagnostic work-up to evaluate lesion extent and decide

Level of Evidence: 3b

optimal surgical margins and radiation fields in patients with advanced oropharyngeal and hypopharyngeal cancer.
Key Words: Narrow band imaging, magnifying endoscopy, lesion extent, head and neck cancer.
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INTRODUCTION

The advent of narrow band imaging (NBI) and
high-resolution magnifying endoscopy (ME) has facili-
tated the detection of superficial cancer in the
oropharynx, hypopharynx, and esophagus.'™® These
techniques have also enabled the lateral spread of super-
ficial cancer contiguous with advanced oropharyngeal,
hypopharyngeal, and esophageal tumors to be visual-
ized, allowing an accurate evaluation of lesion extent,
which is essential for setting surgical margins and radia-
tion fields. We used NBI combined with ME (NBI-ME)
to examine the frequency of superficial cancer spread
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(SCS) contiguous with advanced oropharyngeal and
hypopharyngeal cancers and esophageal cancers.

MATERIALS AND METHODS

We retrospectively studied 45 patients with oropharyngeal
and hypopharyngeal cancer and 44 with esophageal cancer who
underwent NBI-ME at Kitasato University Hospital from Octo-
ber 2006 through April 2009. All patients met all of the
following criteria: 1) no previous treatment for head and neck
cancer or esophageal cancer, 2) a histopathological diagnosis of
squamous-cell carcinoma, 3) advanced cancer, 4) computed to-
mography (CT) had been performed, and 5) chromoendoscopy
with Lugol's iodine solution had been performed (only for
patients with advanced esophageal cancer).

The following variables were evaluated: 1) the frequency
of SCS contiguous with advanced oropharyngeal and hypophar-
yngeal cancer and esophageal cancer, and 2) the influence of
SCS contiguous with advanced oropharyngeal and hypophar-
yngeal cancer on clinical T category and clinical stage. In this
study, we performed NBI with a high-definition videoendoscopy
system (with a CV-260SL processor and a CLV-260SL light
source; Olympus Optical Co., Ltd., Tokyo, Japan) and an optical
magnifying endoscope with a system that could magnify objects
up to 80 times (GIF type H260Z videoendoscope; Olympus). A
1.5% solution of Lugol dye was used to perform chromoendo-
scopy according to the Lugol dye-staining method (Lugol
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Fig. 1. Normal mucosa In the left postcricoid area. (A) White light
endoscopy. (B) Narrow band imaging. (C) Narrow band imaging-
magnifying endoscopy, showing a regular microvascular pattern
beneath the epithelium.

chromoendoscopy)” in all patients with esophageal cancer.
Examinations in patients with advanced oropharyngeal and
hypopharyngeal cancer were performed in the following order:
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white light endoscopy, NBI endoscopy, and NBI-ME. In patients
with advanced esophageal cancer, examinations were done in
the following order: white light endoscopy, NBI endoscopy, NBI-
ME, and Lugol chromoendoscopy. Superficial cancer was defined
as a lesion with high-grade intraepithelial neoplasia or microin-
vasive cancer as diagnosed endoscopically according to the
World Health Organization classification of tumors.® Advanced
cancer was defined as a lesion with deeper invasion. Superficial
cancer contiguous with the primary tumor was diagnosed endo-
scopically on the basis of 1) a well-demarcated area and 2) an
irregular microvascular pattern.*® Endoscopic images were
reviewed by an otolaryngological endoscopist (h.m.) and a gas-
trointestinal endoscopist (¢c.k.). Clinical T category and clinical
stage were assessed according to the 7th edition of the Interna-
tional Union Against Cancer (UICC) tumor-node-metastasis
(TNM) staging system.® At the time of endoscopy, we estimated
the size of the lesion by placing biopsy forceps (FB-25K-1;
Olympus) alongside the lesion; the fully opened cup of the for-
ceps was 6 mm in diameter.

Normal mucosa in the left postericoid area is shown in
Pigure 1. On white light endoscopy (Fig. 1A) and NBI (Fig. 1B),
a regular microvascular pattern beneath the epithelium was dif-
ficult to identify. However, NBI-ME (Fig. 1C) clearly showed a
regular microvascular pattern beneath the epithelium.
Advanced hypopharyngeal cancers arising in the left postcricoid
area are shown in Figure 2 and Figure 3.

In the first case, the tumor was nonulcerative and was sit-
uated mainly in the submucosa. SCS extended from the surface
of the lesion to its distal border. The greatest tumor dimension
was 15 mm in the transverse plane (Fig. 2A) and 22 mm in the
coronal plane (Fig. 2B) on CT, and about 25 mm on white light
endoscopy (Fig. 2C). Therefore, the lesion was classified as a
clinical T2 tumor. NBI showed a well-demarcated, brownish
aréa on the surface of the lesion (Fig. 2D). NBI-ME revealed an
irregular microvascular pattern (Fig. 2E). SCS about 10 mm in
diameter was contiguous with the anal side of the primary tu-
mor (Fig. 2F), but there was no upgrade of the clinical T
category.

In the next case, the tumor was ulcerative and accompa-
nied by SCS only at the border of the lesion. The greatest
tumor dimension was 11 mm in the transverse plane (Fig. 3A)
and 24 mm in the coronal plane (Fig. 3B) on CT, and about
25 mm on white light endoscopy (Fig. 3C). The lesion was clas-
gified as a clinical T2 tumor. NBI showed a well-demarcated,
brownish area in the lateral wall (Fig. 3D). NBI-ME revealed
an irregular microvascular pattern. SCS extended for about
30 mm from the postcricoid area to the lateral wall via the pyri-
form sinus and was contiguous with the primary tumor (Fig.
8E). When this spread was included in the evaluation, the clini-
cal T category was upgraded from T2 to T3.

A case of advanced esophageal cancer is shown in Figure
4. White light endoscopy revealed advanced esophageal cancer,
occupying half of the circumference of the esophagus (Fig. 44).
NBI showed a well-demarcated, brownish area at the border of
the primary tumor (Fig. 4B). NBI-ME revealed an irregular mi-
crovascular pattern (Fig. 4C). SCS as an unstained area at the
border of the primary tumor was seen on Lugol chromoendo-
scopy (Fig. 4D). Because the clinical T category of esophageal
cancer is based on the depth of tumor invasion, the presence of
SCS contiguous to the primary tumor does not alter the classifi-
cation of clinical T category.

RESULTS

Table I shows the demographic characteristics of
the patients. The study group comprised 78 men (88%)
and 11 women (12%), with a mean age (*standard
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Fig. 2. Advanced hypopharyngeal cancer arising in the left postcricoid area. The tumor was nonulcerative and situated mainly in the sub-
mucosa. Superficial cancer spread extended from the surface of the lesion to its distal border. (A) The greatest tumor dimension was
15 mm in the transverse plane on computed tomography (CT). (B) The greatest tumor dimension was 22 mm in the coronal plane on CT.
(C) The greatest tumor dimension was about 25 mm on white light endoscopy. (D) Narrow band imaging showed a well-demarcated,
brownish area (arrows). (E) Narrow band imaging-magnifying endoscopy revealed an irregular microvascular pattern. (F) Superficial cancer
spread about 10 mm in diameter was contiguous with the anal side of the primary tumor {arrows).

deviation) of 66 * 8.7 years. Among six patients (7%)
with oropharyngeal cancer, the primary tumor was
located in the anterior wall in four patients (5%), the lat-
eral wall in one patient (1%), and the posterior wall in
one patient (1%). Among 39 patients (44%) with hypo-
pharyngeal cancer, the primary tumor was located in
the pyriform sinus in 22 patients (25%), the postericoid

Laryngoscope 121: April 2011

area in nine patients (10%), and the posterior wall in
eight patients (9%). A total of 44 patients (49%) had pri-
mary esophageal cancer.

SCS contiguous with the primary tumor was found
in 49% (22/45) of the patients with advanced oropharyn-
geal and hypopharyngeal cancer and in 52% (23/44) of
those with advanced esophageal cancer. In patients with
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Fig. 3. Advanced hypopharyngeal cancer arising in the left postcricoid area. The tumor was ulcerative, and superficial cancer spread was
present only at its border. (A) The greatest tumor dimension was 11 mm in the transverse plane on computed tomography (CT). (B) The
greatest tumor dimension was 24 mm in the coronal plane on CT. (C) The greatest tumor dimension was about 25 mm on white light en-
doscopy. (D) Narrow band imaging showed a well-demarcated, brownish area (arrows). (E) Narrow band imaging-magnifying endoscopy
revealed an irregular microvascular pattern. Superficial cancer spread extended for about 30 mm from the postcricoid area to the lateral

wall via the pyriform sinus and was contiguous with the primary tumor.

advanced esophageal cancer, the ability to detect SCS
was similar for Lugol chromoendoscopy and NBI-ME.
The clinical T category was revised in nine patients
(20%) who had advanced oropharyngeal and hypophar-
yngeal cancer; it was upgraded from T1 to T2 in two
patients (4%) and from T2 to T3 in seven patients (16%).
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The clinical stage was revised in two patients (4%); one
patient (2%) was upgraded from stage I to II, and one
patient (2%) was upgraded from stage IT to IIL
In patients with advanced esophageal cancer, there
was no change in clinical T category or in clinical stage
(Table II).
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Fig. 4. Advanced esophageal cancer. (A) White light endoscopy revealed advanced esophageal cancer. (B) Narrow band imaging showed a
well-demarcated, brownish area at the border of the primary tumor (arrows). (C) Narrow band Imaging-magnifying endoscopy revealed an
irregular microvascular pattern. (D) Superficial cancer spread appeared as an unstained area at the border of the primary tumor on Lugol

chromoendoscopy.

TABLE I.
Patient and Lesion Demographics (n = 89).

Gender, no. (%)
Male
Female
Age, mean x SD, yr
Range, yr
Site of primary cancer, no. (%)
Oropharynx
Anterior wall
Lateral wall
Posterior wall
Hypopharynx
Pyriform sinus
Postcricold area
Posterior wall
Esophagus

78 (88)
11 (12)
66 = 8.7

45-89

67
40
1)
1(1)
39 (44)
22 (25)
9 (10)
89
44 (49)

SD = standard deviation.
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The dimensions of SCS contiguous with the primary
tumor are summarized in Table III. In advanced oropha-
ryngeal and hypopharyngeal cancer, SCS was <2 cm in
64% of cases (14/22), between >2 cm and <4 cm in 36%
(8/22), and >4 cm in 0% (0/22). In advanced esophageal
cancer, SCS was <2 cm in 52% (12/23) of cases, between
>2 cm and <4 c¢m in 30% (7/23), and >4 cm in 17% (4/
23). The size of SCS did not differ between patients with
advanced oropharyngeal and hypopharyngeal cancer and
those with advanced esophageal cancer (P =237).

DISCUSSION

A nationwide survey conducted by the Japan Soci-
ety for Head and Neck Cancer in 2005 reported that no
patient with oropharyngeal and hypopharyngeal cancer
had carcinoma in situ at initial presentation, suggesting
that is it very difficult to visually confirm superficial
cancer in the oropharynx and hypopharynx.'® Laryngos-
copy was conventionally used to detect oropharyngeal
and hypopharyngeal cancer. However, the advent of
NBI-ME has markedly improved the ability to visualize
superficial cancer,® facilitating the diagnosis of SCS
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contigunous with advanced cancer. In the present study
of SCS contiguous with advanced oropharyngeal cancer
and hypopharyngeal cancer, the rates of clearly visualiz-
ing  “well-demarcated  areas” and  “irregular
microvascular patterns,” considered endoscopic charac-
teristics of superficial cancer, on white light endoscopy,
NBI, and NBI-ME were 23% (5/22), 82% (18/22), and
100% (22/22) for the former, respectively; and 14% (3/
22), T7% (17/22), and 100% (22/22) for the latter, respec-
tively. Therefore, well-demarcated areas and irregular
microvascular patterns of SCS were better visualized by
NBI and NBI-ME than by white light endoscopy. Fur-
thermore, NBI-ME allowed definitive visualization of
both of these characteristics. Muto et al. reported that
the sensitivities and accuracies for the diagnosis of su-
perficial cancer in the oropharynx and hypopharynx
were 7.7% and 62.9% for white light endoscopy, respec-
tively, as compared with 100% and 86.7% for NBI-ME,
respectively. For the diagnosis of superficial esophageal
cancer, the sensitivities and accuracies were 55.2% and
56.5% for white light endoscopy, respectively, and 97.2%
and 88.9% for NBI-ME, respectively.® In the present
study, a histopathological diagnosis could he made in 29
(64%) of 45 cases of SCS that were diagnosed endoscopi-
cally (14 cases of oropharyngeal cancer and
hypopharyngeal cancer and 15 cases of esophageal can-
cer). However, superficial cancer was histologically
confirmed in all cases. These findings indicate that the
diagnostic accuracy of NBI-ME for SCS is extremely
high.

Lugol chromoendoscopy has been used to diagnose
lesion extent in patients with esophageal cancer,’ but
cannot be used to examine the oropharynx and hypo-
pharynx because of the high risk of aspiration and the
strong local irritation caused by iodine. In our study, all
cases of SCS contiguous with advanced esophageal can-
cer detected on Lugol chromoendoscopy were also
visualized on NBI. This finding suggested that NBI is
also likely to be useful for the confirmation of SCS
contiguous with advanced oropharyngeal and hypophar-

TABLE Il

Frequency of Superficial Cancer Spread Contiguous With Primary
Tumor and Effects on Clinical T Category and Clinical Stage.

Advanced Advanced
Oropharyngeal/ Esophageal
Hypopharyngeal Cancer
Cancer (n = 45) (n = 44)
Frequehcy of superficial cancer spread, no. (%)
NBI-ME 22 (49) 23 (52)
Lugol chromoendoscopy NE 23 (52)
Frequency of changes in clinical 9 (20 0(0)
T category, no. (%) )
From clinical T1 to T2 2 (4)
From clinical T2 to T3 7 (18)
Frequency of changes in clinical 24 0(0)
" 'stage, no. (%)
From clinical stage | to |l 1@Q)
From clinical stage Il to i 1@

NBI = narrow band imaging; ME = magnifying endoscopy; NE = not
evaluated.

Laryngoscope 121: April 2011
758

TABLE Il
Dimensions of Superficial Cancer Spread.
Advanced

Oropharyngeal/ Advanced

Hypopharyngeal Esophageal

Cancer (n = 22) Cancer (n = 23) P Value*
Ocmto <2cm 14 (64%) 12 (52%)
>2 cmto <4 cm 8 (36%) 7 (30%)
>4 cm 0 (0%) 4 (17%) 237

“Calculated using Mann-Whitney U test.

yngeal cancer, which cannot be evaluated on Lugol
chromoendoscopy, In our study, SCS was associated with
49% of advanced oropharyngeal and hypopharyngeal
cancers and 52% of advanced esophageal cancers (ie.,
about one half of the patients with each type of cancer).
To our knowledge, this is the first time similar frequen-
cies of SCS contiguous with the primary tumor in
patients with advanced oropharyngeal and hypophar-
yngeal cancer, and those with advanced esophageal
cancer were reported. Therefore, we believe that our
results are very important. Moreover, in 18% (8/45) of
patients with advanced oropharyngeal and hypophar-
yngeal cancer, SCS contiguous with the primary tumor
exceeded 2 ecm. We therelore consider NBI-ME to be
essential for the determination of appropriate surgical
margins and radiation fields.

Because the 7th edition of the UICC TNM staging
system does not include contiguous SCS as a staging fac-
tor,” we examined whether clinical T category and
clinical stage were altered by including contiguous SCS
in the greatest dimension of the primary tumor. In
esophageal cancer, the clinical T category is determined
by the depth of primary tumor invasion.” Consequently,
the presence of SCS contiguous with the primary tumor
does not change the clinical T category. In contrast, the
clinical T category of oropharyngeal and hypopharyngeal
cancer depends on the greatest dimension of the primary
tumor.? The inclusion of SCS contiguous with the pri-
mary tumor in the evaluation of tumor size may thus
alter the clinical T category, potentially affecting the
clinical stage grouping. When we included SCS contigu-
ous with the primary tumor in the calculation of the
greatest tumor dimension in patients with orepharyn-
geal and hypopharyngeal cancer, the clinical T category
was upgraded in 20% of cases. However, the effect on
clinical stage was minimal. Clinical T categories were
decided before it was possible to clinically evaluate SCS
contiguous with the primary tumor. With improved diag-
nostic techniques, contiguous SCS can now be evaluated.
Therefore, a discussion of whether to include contiguous
SCS in the evaluation of clinical T category now appears’
to be warranted.

CONCLUSION

In this study, advanced oropharyngeal and hypo-
pharyngeal cancer is frequently associated with
contiguous SCS. NBI-ME should be included in the pre-
treatment diagnostic work-up to evaluate lesion extent
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and decide optimal surgical margins and radiation
fields.
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At the Focal Point

Commentary

Although rare, fibrovascular polyps of the esophagus (FVPEs) comprise most of this organ’s benign intraluminal tumor-like
lesions. FVPE are composed of fibrous tissue, adipose tissue, and vascular structures and are covered by normal squamous
epithelium. Depending on which histologic components predominate, FVPEs also may be referred to as lipomas, fibromas,
fibrolipomas, fibromyxomas, and fibroepithelial polyps. With an average length of 15 cm, FVPEs arise from just below the
cricopharyngeus muscle in the area known-as Killian's or Laimer’'s triangle. When small, these lesions are asymptomatic.
Symptoms anly develop when FVPEs reach a large size and include dysphagia, regurgitation of the polyp into the mouth,
bleeding, dyspnea, stridor, wheezing, choking, and even asphyxiation. One reported case described a patient who regurgi-
tated a giant FVPE into his mouth and captured it between his teeth until it could be removed endoscopically. Upper Gl series
and endoscopy can be diagnostic, but an FVPE may be missed at endoscopy because the polyp is covered by normal mucosa
and can be highly mobile. Surgical excision or endoscopic resection is definitive treatment, but care must be taken to ensure
that the prominent vessels in the stalk are completely ligated or coagulated. The stalk should be completely excised or
recurrence is possible. 1 think of the folk album Arkansas Traveler, on which Michelle Shocked popularized the now classic tune
“Come a Long Way” singing “I come a long way, | come a long way and never even left LA.” Well these polyps also come a long
way, but never leave the area of the cricopharyngeus. If regurgitated out from their point of residence, like Michelle, they leave
the patient—and the physician—shocked.
Lawrence J. Brandt, MD,
Associate Editor for Focal Points

A case of esophageal ulcer caused by alendronate sodium tablets

A 75 year old woman was referred to our hospital with  alendronate sodium tablets in the appropriate patient with
dysphagia. Esophagoscopic examination revealed a shal-  esophageal ulceration.
low ulceration at the upper esophageal region (A). She
had no history of esophageal disorder.

The ulceration gradually improved without treatment, ~ DISCLOSURE
but 6 months later a follow-up esophagoscopic examina-
tion showed a circumferentialpulcergtioi withpsevere stric- All quthors disclosed no financial relationships relevant
ture in the same region (B). Because she had been taking to this publication.
alendronate sodium weekly to prevent osteoporosis for 2
years before presentation, we recommended it be discon-
tinued. The esophageal ulcer progressively healed (C);
however, 7 sessions of endoscopic balloon dilation over 6
months were needed to relieve her dysphagia. Clinicians
should consider the possibility of adverse effects from  doi:10.1016/}.9ie.2010.11.039

Kosuke Ueda, MD, Manabu Muto, MD, PhD, Tsutomu
Chiba, MD, PhD, Department of Gastroenterology and Hepa-
tology, Graduate School of Medicine, Kyoto University, Kyoto,
Japan
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At the Focal Point

Commentary

Alendronate sodium is a selective inhibitor of osteoclast-mediated bone resorption that increases bone mass, decreases
vertebral fractures, and treats postmenopausal osteoporosis. Before its caustic effects on the upper Gl tract were well
appreciated, it was also the endocrinologist’s contribution to endoscopy revenues. In early postmarket studies of alen-
dronate, comprising nearly half a million patients, up to 25% of the drug’s reported adverse events were from severe
esophageal injury, primarily chemical esophagitis. Biopsy of the involved mucosa often shows polarizable crystalline
material and multinucleated giant cells characteristic of pill-related injury. Alendronate should only be taken in the
upright position, usually on arising for the day, and with 6 to 8 oz of water. Failure to adhere to this morning ritual may
increase the risk of esophageal misadventure. Although this second-generation uncoated monosodium salt was de-
signed, with some success, to maximize solubility and minimize esophageal mucosal adherence, retained tablets still can
cause circumferential ulceration focally or throughout the esophagus. Although these changes can be persistent, stric-
tures requiring repeated dilation are rare. What makes this case hard to swallow is the severity of the drug toxicity despite
taking it as directed.

David Robbins, MD, MSc,
Assistant Editor for Focal Points

Partially migrated gastric ring after transected banded vertical gastric
bypass

A 59-year-old man who had had bariatric surgery 4 years ~ stomach wall was identified (A). The patient previously had
previously presented with maroon stools and dizziness. The  a transected banded vertical gastric bypass, during which a
patient was taking a nonsteroidal anti-inflammatory drug  silastic ring was placed around the gastric pouch proximal to
(NSAID). He was found to have orthostatic hypotensionand ~ the gastrojejunal anastomosis. A clean-based ulcer B) also
tachycardia with normocytic anemia (hemoglobin 7 g/dl;  was found on the jejunal side of the anastomosis, without
normal 14-18 g/dL); blood test results were otherwise nor-  active bleeding or high-risk stigmata. NSAID therapy was
mal. EGD revealed a small gastric pouch that led into the  discontinued, and the patient began therapy with omepra-
small intestine. A ring that had partially eroded through the  zole and was discharged.
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