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Abstract

Somatic mutations including the background mucosa in patients with Lugol-voiding
lesions (LVLs) are still not well known. The aim of this study was to evaluate the
somatic mutations of the background mucosa in patients with LVLs (Squamous cell
carcinoma (SCC), intraepithelial neoplasia (IN), and hyperplasia). Twenty-five pa-
tients with LVLs (9 with SCC, 6 with IN, and 10 with hyperplasia) were included.
A targeted sequence was performed for LVLs and background mucosa using an
esophageal cancer panel. Each mutation was checked whether it was oncogenic or
not concerning OncoKB. In LVLs, TP53 was the most dominant mutation (80%).
Furthermore, 72% of TP53 mutations was putative drivers. In background mucosa,
NOTCH]I was the most dominant mutation (88%) and TP53 was the second most
dominant mutation (48%). Furthermore, 73% of TP53 mutations and 8% of NOTCH1
mutations were putative drivers. Putative driver mutations of 7P53 had significantly
higher allele frequency (AF) in SCC than in IN and hyperplasia. Conversely, putative
driver mutations of NOTCH1 did not have a significant accumulation of AF in the
progression of carcinogenesis. Furthermore, in SCC, AF of 7P53 mutations was sig-
nificantly higher in LVLs than in background mucosa, but not in IN and hyperplasia.
Regarding NOTCH 1, a significant difference was not observed between LVLs and
background mucosa in each group. The background mucosa in patients with LVLs al-
ready had putative driver mutations such as 7P53 and NOTCH 1. Of these two genes,
TP53 mutation could be the main target gene of carcinogenesis in esophageal SCC.

Clinical Trials registry: UMIN000034247.
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1 | INTRODUCTION

Esophageal cancer is the eighth leading cause of cancer-
related mortality in the world. Esophageal squamous cell car-
cinoma (ESCC) is the most common subtype of esophageal
cancer, especially in east Asian countries.'™ In J apan, ESCC
ranks as the 13th most common cancer and the 11th most
common cause of cancer-related death.*

Esophageal chronic inflammation caused by carcinogens
such as smoking and alcohol induces DNA damage and mul-
tiple genetic changes.”® Therefore, to evaluate the grade of
inflammation of the esophagus, Lugol chromoendoscopy
with iodine dye is conducted. Past studies have revealed that
the severity of esophageal Lugol-voiding lesions (LVLs)
correlates with the risk for the development of ESCC and
TP53 mutation in the background mucosa.”'* Because the
stepwise development of carcinogenesis in ESCC has been
suggested, estimation for the carcinogenic potential of LVLs
that have no dysplastic change is needed.

In the esophagus, the concept of “field cancerization”
is proposed. It means that an accumulation of genetic alter-
ations in the normal mucosa led by repeated exposure to car-
cinogens induces the development of multiple independent
cancers.!'™"® Hence, it could be hypothesized that earlier
carcinogenic change occurred in the background mucosa.
Hence, evaluating the carcinogenic potential of the normal
mucosa is extremely significant.

Recently, the development of next-generation sequenc-
ing (NGS) has revealed gene mutations in several cancers.
Subsequently, several mutational analysis data associated
with ESCC have been reported from Japan and China.'*"
However, somatic mutations of background mucosa in pa-
tients with LVLs are still not clarified. Investigating the ge-
netic changes of the background mucosa could reveal genetic
alteration events of early carcinogenesis of ESCC. The aim of
this study was to evaluate the details of somatic mutations of
background mucosa in patients with LVLs.

2 | MATERIALS AND METHOD
2.1 | Study population and sample
preparation

We recruited 25 patients with ESCC or a risk of developing
ESCC and five healthy controls. The risk of ESCC was defined
as (a) post-ESD (endoscopic submucosal dissection) patients
for ESCC, (b) patients with head and neck SCC (HNSCC), (c)
patients with chronic esophagitis. Nine patients with ESCC,
six patients with intraepithelial neoplasia (IN), and 10 patients
with hyperplasia were recruited for this study. Hyperplasia is
a condition in which cell proliferation is observed, but there is
no obvious abnormality in cell morphology or structure. On the

other hand, IN is defined that there are mildly abnormal but not
atypical enough to be cancerous. These definitions were made
by experts of the Japanese society of pathology. All ESCCs in
this study were superficial cancer, eight were stage 0 and one
is stage | in UICC classification. Healthy controls were defined
as without high risk of ESCC and LVLs. When endoscopic
resection or endoscopy was performed, tissue was obtained
from LVLs (SCC, IN, hyperplasia) and background mucosa
defined as iodine-stained mucosa in each patient because the
iodine-stained mucosa among biopsy sample hardly has neo-
plastic component.'® In the case of healthy controls, tissue was
obtained only from background mucosa. All tissues were ob-
tained by the large-capacity forceps (Boston Scientific, Radial
Jaw 4) which can get about 5 mm tissue. The pathological find-
ing of both LVLs and iodine-stained mucosa from the specimen
resected by ESD or EMRC was confirmed. Among the tissue
collected by biopsy, for pathological evaluation, additional tis-
sue was obtained from the same LVLs, and the pathological
finding was confirmed by hematoxylin-and-eosin staining. The
tissue collected is shown in Figure S1. All tissue samples were
quickly put into Allprotect Tissue Reagent (Qiagen, Hilden,
Germany) and preserved at 4°C until deoxyribonucleic acid
(DNA) extraction. In addition, peripheral blood was obtained
from all 25 patients and five healthy controls before or after
endoscopy. Each buffy coat was isolated after centrifugation
at 820 X g at 4°C for 10°min and stored at —80°C until DNA
extraction.

DNA of the tissue sample and the buffy coat of each pa-
tient was extracted with a QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany). Then, a NanoDrop (Thermo Fisher
Scientific, Waltham, MA) was used to measure DNA concen-
tration. Subsequently, extracted DNA was stored at —80°C.

2.2 | Esophageal cancer (EC) panel

The panel was designed by referring to the previous stud-
ies with Ton AmpliSeq designer software (Thermo Fisher
Scientific).'””  Seventy significantly mutated genes
(SMGs) were included to determine the EC panel in-house
(Table S1). This panel covers SMGs of both ESCC and es-
ophageal adenocarcinoma. The SMGs were selected accord-
ing to the following criteria: (a) genes often involved in EC,
obtained from TCGA and other projects.m’”’21 (b) genes fre-
quently mutated in EC, referring to the COSMIC database
(http://cancer.sanger.ac.uk/cancergenome/projects/cosmic).
Finally, the panel contained 4410 primer pairs.

2.3 | Targeted NGS

Extracted DNA was amplified by multiplex PCR with the pre-
mixed EC panel and HiFi Master Mix (Ion AmpliSeq Library
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Kit 2.0). After multiplex PCR, amplicons were treated with
FuPa reagent (Jon AmpliSeq Library Kit 2.0) to partially di-
gest the primer sequences and phosphorylate the amplicons for
optimization of the sequencing performance. Then, the ampli-
cons were ligated to adapters with barcodes using an Ion Xpress
Barcode Adapters kit. The ligated library was purified using
Agencourt AMPure XP reagents (Beckman Coulter, Brea, CA),
and the library concentration was quantified by real-time PCR
with an Ion Library Quantitation Kit (Thermo Fisher Scientific).
Then, the concentration of each library was adjusted to 10 pico-
molar. The adjusted library was enriched using emulsion PCR
with Hi-Q™ View OT2 Kit (Thermo Fisher Scientific). After
loading on an Ion 318 Chip, sequencing was carried out on an
Ion PGM (Thermo Fisher Scientific). All procedures were per-
formed following the manufacturer's recommendations. Each
Library Kit was the product of Thermo Fisher Scientific.

2.4 | Data analysis

Sequence data were processed with Ion Torrent Suite
Software. Raw signal data were analyzed using Torrent Suite
version 5.10 after signal processing, base-calling adapter trim-
ming, quality score assignment, PCR duplicate removal, read
alignment to the reference human genome 19, quality control
of mapping quality, and coverage analysis. Non-synonymous
somatic mutations and splice site mutations and copy num-
ber variant (CNV) were identified by the Ion Reporter Server
System (Thermo Fisher Scientific), and buffy coat DNA was
used as a reference to identify variants in DNA of LVLs
and background mucosa, as previously reported. Mutations
were filtered according to the following criteria to identify
high-confidence somatic mutations: (a) the minimum count
for mutant allele reads >5 in LVLs or background mucosa
samples (b) coverage depth >10 at the somatic variant site in
samples (c) high-confidence variant call (Confident Somatic
Variants =In), variant allele faction >1% and p-value cut-off
0.05 (d) variants present in the dbSNP (version 138) data-
base are filtered out (UCSC Common SNPs =Not In) (e) no
variant allele reads in the buffy coat. This analysis method
was reported in the past study, we think this data analyza-
tion is reasonable?® Each identified mutant gene was ana-
lyzed whether it was oncogenic or not concerning OncoKB
(http://oncokb.org/). Oncogenic and likely oncogenic muta-
tions were defined as putative driver mutations. CNVs were
examined with confidence level 20 or more and precision
level 10 or more. Furthermore, we performed Duplex quan-
titative real-time PCR (real-time qPCR) using the FAM/
MGB-labeled TagMan probes for TP53 (Hs06423639_cn)
and NOTCH1(Hs03718159_cn), and VIC/TAMRA-labeled
TagMan CNV RNAse P (#4403326) was used for the inter-
nal control. NTC reactions were also used to identify PCR
contamination. All real-time qPCR reactions were performed
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in quadruplicate with gDNA according to the manufacturer's
protocol using the StepOne Real-Time PCR system (Life
Technologies, Foster City, CA, USA). The copy number
of each sample was estimated by CNV analysis using Copy
Caller Software V2.1 (Life Technologies, Foster City, CA,
USA).

PyClone analysis, a statistical model for inference of
clonal population structures in cancers, was simultaneously
performed in all cases. It is a Bayesian clustering method for
grouping sets of deeply sequenced somatic mutations into
putative clonal clusters while estimating their cellular prev-
alences and accounting for allelic imbalances introduced by
segmental copy number variants and normal-cell contamina-
tion. The source code for PyClone 0.13.0 hosted at https://
github.com/aroth85/pyclone was utilized in this study.22

2.5 | Statistical analysis

The number of somatic mutations between LVLs and back-
ground mucosa was compared using Fisher's exact test. The
comparison of the allele frequency (AF) between the muta-
tion of LVLs and background mucosa was performed with
Mann—Whitney U test and Kruskal-Wallis test. Univariate
analysis for AF between each risk factor was performed by
using polytomous logistic regression analysis. All statisti-
cal analyses were performed using SPSS 23.0 (SPSS Inc.,
Chicago, IL, USA), and a p-value of <0.05 was considered
to be statistically significant in two-sided tests.

3 | RESULTS

3.1 | Patient characteristics

Summarized information about patient characteristics and
pathologic findings can be seen in Table 1. The mean age of
patients at initial diagnosis was 70.1 + 9.4 years. More men
were diagnosed than women (18:7). Of these patients, nine
had ESCC, six had IN, and 11 had neoplasia. Tissue sam-
pling methods were a biopsy, ESD, and endoscopic mucosal
resection using a cap-fitted endoscope (EMR-C) (19 cases,
4 cases, and 2 cases, respectively). Nineteen patients had a
smoking habit, and 22 had a drinking habit. Twenty-three pa-
tients had multiple LVLs.

3.2 | The amount of DNA extracted from
each tissue

The amount of DNA extracted from LVLs and background in
each pathological group is shown in Figure S2. There was no
significant difference in DNA content between each group.
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TABLE 1 Patient characteristics and

Age, years (Mean +SD) 70.1 £9.4
pathological findings
Gender (Male/Female) 18/7
Pathological findings (SCC/IN/Hyperplasia) 9/6/10
Sample (Biopsy/ESD/EMR-C) 19/4/2
Smoking habit (Yes/No) 19/6
Drinking habit (Yes/No) 22/3
HNSCC (Yes/No) 12/13
Multiple LVLs (Yes/No) 2372
Abbreviations: EMR-C, endoscopic mucosal resection using a cap-fitted endoscope; ESD, endoscopic
submucosal dissection; HNSCC, head and neck squamous cell carcinoma; IN, intraepithelial neoplasia; LVLs,
Lugol-voiding lesions; SCC, squamous cell carcinoma; SD, standard deviation.
Lugol-voiding lesions Background mucosa
Case 13|46 (13/17|19|22(25(2 |5 |8 |12{15(16|7 | 9 |10({11[14|18|20|21|23(24 1|3|4|6(13[/17|19 5|2 (5|8 |12|15(16| 7 | 9 |10|11|14[18(20|21|23|24
1:Male 2 :Female Gender 111 [1]2]|2]|2{1|[2|1|1]1|1[2]1]|1]1|2[1|1]|1]1[1[1]2 1111|2221 [2[1[1]1|1|2[1[1]|1]2]1[1|1]1]1[1]|2
Age 72|77|73|73[72|49|54|74|59|78|69|70|86|57|74|85|67|84|69 72|77|73(73|72|49|54|74|59|78|69|70|86|57|74|85|67|84|69|76|81 64 58
1:Yes 2:No Tobacco 1121|1111 |2]|1|1)1[1]|2|2|1|1]|2|1|1|1|[1]1[1]|2 411 111112111 |1]|2(2|1|1]|2[1]1(1]|1]|1]1]|2 Scc
1:Yes 2:No Alcohol {11111 [1]1]1]1|2({1|1]1]1][1[2]|2 11|11 [1[1]1 111111 {1[1]|2]1]1[1[1]1
Sample IN
P53 pathway TPS3 Hyperplasia
NFE2L2
PETEY KEAP1
Cell cydle pathway RB1
NOTCH1 -
NOTCH2
NoTchpetmey NOTCH3
FBXW7
EP300
CREBBP
MLL2
MLL3
ARID1A
ASH1L
YAP1 .
= Missense
Wnt pathway FAT2 Nor
FAT3
AJUBA Framesift
PI3KCA
RTKIPI3K pathway MET Splice site
.Misssense+Nonsense
Misssense+Framesift
- Nonsense+Framesift
|| Missense+Nonsense+Framesift

EYS
CCSER1
BCL6
POUSF2
CTNNA2
LRP1B
ASHIL
XIRP2
GATA4
SETD1B
IGF1IR

: njlz‘ e

EGFR j
SYNE1 . ]

FAM1358 ]
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econerso | [ |
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FIGURE 1 The mutational landscape of somatic alterations. Significantly mutated genes are ranked in the left of the panel and grouped by
each pathway. Gender, age, smoking habit, drinking habit, and sample are shown at the top of the panel. This figure shows TP53 and NOTCH1
mutations are common in LVLs and background mucosa, and background mucosa has numerous somatic mutations similar to LVLs

33 | NGS analysis data Table 2). In three cases (33%) in SCC, one case (17%) in
IN, and three cases (30%) in hyperplasia, overlapped somatic
3.3.1 | Total detected mutations mutations were observed in LVLs and background mucosa.

Targeted NGS was performed for 25 cases, 75 specimens

(LVLs, background mucosa, and buffy coat from each pa- 3.3.2 | The mutational analysis between

tient). We confirmed at least one somatic mutation in all ~ LVLs and background mucosa

specimens of LVLs and background mucosa. One hundred

eighty-eight mutations of 36 genes in LVLs were identi- There was not any significant difference between the rate
fied and 199 of 34 genes in background mucosa (Figure 1, of the case which had at least one putative driver in LVLs
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and background mucosa (15% vs. 20%, Fisher exact test,
p = 0.08), on the other hand, AF of all mutations in LVLs was
significantly higher than in background mucosa (13 [range, 3—
99] vs. 7 [range, 3—100], Mann—Whitney U test, p = 0.003)
(Figure 2). Moreover, AF of the putative driver in LVLs was
significantly higher than in background mucosa (17 [range, 4—
88] vs. 6 [range, 3—30], Mann—Whitney U test, p = 0.0002).

3.3.3 | Intra-group analysis in all mutation
Intra-group analysis of SCC, IN, and hyperplasia in all muta-
tions showed that SCC had accumulated mutations, which
is significant (19 [range, 3-81] vs. 8 [range, 3-60], Mann—
Whitney U test, p = 0.016) (Figure S3A). There was no such
tendency in the group of IN (9 [range, 3—73] vs. 6 [range,
3-30], Mann—Whitney U test, p = 0.146) (Figure 3B), and
hyperplasia (12 [range, 3-99] vs. 9 [range, 3—100], Mann—
Whitney U test, p = 0.126) (Figure S3C).

3.3.4 | Intra-group analysis in putative driver

Intra-group analysis of SCC, IN, and hyperplasia in putative
driver showed that SCC had accumulated mutations in the
putative driver, which is significant (34 [range, 4-81] vs. 4
[range, 4-18], Mann—Whitney U test, p = 0.004) (Figure 3A).
There was no such tendency in the group of IN (12.5 [range,

TABLE 2 Analysis data by the next-generation sequencer

Background
LVLs mucosa p value

Mutant genes, n 36 34
Somatic 188 199

mutations, n
Coverage, median 242 (35-1757) 304 <0.001"

(range) (27-1705)
AF, % (range) 13 (3-99) 7 (3—100) 0.003"
Missense, n (%) 144 (76) 171 (86) 0.0192"
Nonsense, n (%) 22 (12) 18 (9) 0.4085
Frameshift, n (%) 10 (5) 4(2) 0.1038
Non-frameshift 1(0.5) 0 (0) 0.4858

deletion, n (%)
Splice site, n (%) 11 (6) 6(3) 0.2173
Putative driver 40 (21) 29 (15)

mutations, n

(%)
Coverage, median 225 (43-649) 253 (27-681) 0.215

(range)
AF, % (range) 17 (4-88) 6 (3-30) 0.0002"

Abbreviations: AF, allele frequency; LVLs, Lugol-voiding lesions
#p<0.05
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4-34]vs. 11 [range, 4-22], Mann—Whitney U test, p = 0.425)
(Figure 3B). The group of hyperplasia had a similar tendency
in the putative driver (9 [range, 4-88] vs. 6 [range, 3-26],
Mann—Whitney U test, p = 0.033) (Figure 3C).

3.3.5 | Analysis of TP53 mutations and
NOTCH]I mutations

In LVLs, TP53 was the most dominant mutation and identi-
fied in 20 (SCC 9/IN 5/hyperplasia 6) cases (80%). Among
them, 17 (7/4/6) cases (85%) had the putative driver muta-
tion. On the other hand, in background mucosa, the TP53
mutation was identified in 12 (6/2/4) cases (48%). Of them,
10 (4/2/4) cases (91%) had the putative driver mutation. The
rate of the case which had TP53 mutations was significantly
higher in LVLs than in background mucosa (80% vs. 48%,
p = 0.037, Fisher exact test).

In background mucosa, NOTCHI was the most dominant
mutation and identified in 22 (SCC 9/IN 4/hyperplasia 9) cases
(88%). Among them, four (0/1/3) cases (18%) had the putative
driver mutation. On the other hand, in LVLs, the NOTCHI mu-
tation was identified in 15 (5/3/7) cases (60%). Of these, five
(1/0/4) cases (66%) had the putative driver mutation. The rate of
the case which had NOTCH I mutations was significantly higher
in background mucosa than in LVLs (88% vs 64%, p=0.029,
Fisher exact test). We have illustrated the details of somatic
mutations of 7P53 and NOTCH]I in Supplementary Figure 4.
Seventy-two percent (23/32) of the TP53 mutations in LVLs and
73% (16/22) in background mucosa were due to the putative
driver, and 20% (7/35) of NOTCHI mutations in LVLs and 8%
(5/61) of background mucosa were due to the putative driver.

Focusing on NOTCHI, there was not a significant dif-
ference in AF between LVLs in patients with SCC, IN, and
hyperplasia (5 [range, 3—44], 6 [range, 3-22], and 10 [range,
3-88], respectively). This result was similar to background
mucosa (5 [range, 3-47], 6 [range, 3-24], and 6 [range, 3—
43], respectively) (Figure 4A). On the other hand, focusing
on TP53, there was significantly higher AF in SCC than in
IN and hyperplasia (35 [range, 10-85] vs. 11 [range, 4-73],
p = 0.014, 35 [range, 10-85] vs. 9 [range, 5-55], p = 0.029,
Kruskal-Wallis test), but not in background mucosa between
groups (8 [range, 4-35], 18 [range, 8-30], and 6.5 [range, 5—
10], respectively) (Figure 4B).

Finally, we show the other mutational status of LVLs and
background mucosa in Figure S5.

3.3.6 | Intra-group analysis in TP53 and
NOTCH]I mutations

Intra-group analysis of SCC showed that AF of TP53 muta-
tions was significantly higher in LVLs than in background
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p =0.003 FIGURE 2 (A) AF of all mutations in
LVLs and background mucosa. AF in LVLs
(SCC, IN, and hyperplasia) is significantly
100 LvLs . 100 Background mucosa higher than background mucosa. (B) AF
. of putative driver mutations in LVLs and
s0 5 5 background mucosa. AF in LVLs (SCC, IN,
and hyperplasia) is significantly higher than
& . : . . & . in background mucosa
s § . i g :
AF : . ‘ AF ; ; . ]
40- * 40 *
‘ - :
it O o - ..
Che eley THL VT e oo 0. N EEREE
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o
hyperplasia

mucosa (35 [range, 10-81] vs 8 [range, 4-8], p = 0.009,
Mann—Whitney U test), but not in IN and hyperplasia. As for
NOTCH], a significant difference was not observed between
LVLs and background mucosa in each group (Figure 5).

3.3.7 | AF of putative driver in patients with or
without HNSCC and SCC

There was a significant difference between AF of putative
driver mutation from the background mucosa in patients
with HNSCC (9 [range, 3-30] vs. 4 [range, 3-9], p = 0.017,
Mann—Whitney U test). However, a significant difference
was not identified between patients with SCC, IN, and hyper-
plasia (8 [range, 4-30] vs. 6 [range, 3-26], p = 0.248, Mann—
Whitney U test) (Figure S6).

3.3.8 | AF of background mucosa under the
classification of drinking/smoking grade

The drinking grade was divided into less than 40 g/day or
more,” and the smoking grade was divided into less than a
30 pack-year or more.>* The relationship between drinking/
smoking grade and mutation status in background mucosa
is in Figure S7. There was a significant difference between
heavy drinker/ heavy smoker and heavy drinker/ light smoker
or light drinker/ heavy smoker.

Univariate analysis of the effects of drinking, smoking,
and age on AF of the background mucosa was also per-
formed. There was no significant difference (Table S2).

hyperplasia

3.3.9 | Other putative driver mutations

Other putative driver mutations such as EP300, CREBBP,
ARIDIA in epigenetics regulators, FAT! in the Wnt pathway,
and PI3KCA in the RTK/PI3 K pathway are also found from
LVLs or background mucosa.

3.3.10 | Copy number variants
In LVLs, there were 34 CNVs in 15 cases, and in back-
ground mucosa there were three CNVs in one case
(Table S3). At the somatic mutation point, two cases in
LVLs had one CNV for each, and no case in background
mucosa had. The two CNVs were TP53 in case 4 and MET
in Case 22 whose AF was 81% and 16%. PyClone analysis
was performed in all cases and confirmed that the preva-
lence of cell frequency was almost equivalent to the value
of AF (Figure S8).

Especially, CNV of TP53 and NOTCH1 was validated by
Duplex quantitative real-time PCR, suggesting that CNV in
these regions was almost not identified (Table S4).

3.3.11 | The mutational analysis in
healthy controls

Of five healthy controls, two controls have no somatic muta-
tion and three controls have some somatic mutations without
the putative driver. We showed the detail about the mutation
in healthy controls in Table S5 and Figure S9.

FIGURE 3

(A) AF of putative driver mutations in SCC and background mucosa with SCC. AF in SCC is significantly higher than in their

background mucosa. (B) AF of putative driver mutations in IN and background mucosa with IN. There is no significant difference between the AF

in IN and background mucosa. (C) AF of putative driver mutations in hyperplasia and background mucosa with hyperplasia. AF in hyperplasia is

significantly higher than background mucosa
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NOTCH1 in LVLs

NOTCH1 in
background mucosa

p=0.831

FIGURE 4 (A) AF of the NOTCHI
mutation in LVLs and background mucosa.
There was not a significant difference in AF
between LVLs in patients with SCC, IN,
and hyperplasia. This result was similar to

background mucosa. (B) AF of the T7P53
mutation in LVLs and background mucosa.
There was significantly higher AF in SCC
than in IN and hyperplasia, but not in

=

100 100
p =0.206
80 80
AF 50 AF 50
(%) 49 [ (%) 49
20 T 20
= .

0 0

ScC IN hyperplasia ScC

(B) TP53 in LVLs
100 P=0029 100
p=0.014 p=0.925

80 80
60 60
AF 40 AF 40

(%) 20 (%) 20 Q
0 0

O & © ©
§ k & §
Q\Q
&
4 | DISCUSSION

To the best of our knowledge, this is the first study to prove
the gene mutation in the early stages of the ESCC carcino-
genic process with mutational analysis of background mu-
cosa. We proved that the background mucosa in patients with
a high risk of ESCC has numerous gene mutations similar to
those of SMGs in advanced cancer. Surprisingly, some puta-
tive driver mutations as 7P53, NOTCH]I, ARIDIA, PIK3CA,
EP300, and FATI were already recognized in the background
mucosa. In contrast, two healthy controls two healthy con-
trols have no somatic mutations in their esophageal mucosa.
NOTCHI mutation was detected in three healthy controls.
All of them were not the putative driver mutations. Unlike
the population with a high risk of ESCC, there were some
cases with no somatic mutation in the background mucosa.
Judging from these results, it was assumed that exposure to
risk factors would increase the somatic mutation in the back-
ground mucosa. These results indicate that putative drivers
cause carcinogenesis. The fact that there were few common
mutations between LVLs and background mucosa within the
same case also matches this concept because field canceriza-
tion causes the development of independent cancer synchro-
nously or metachronously from background mucosa.

The NOTCH pathway is involved in cell growth and apop-
tosis.”® The mutation of the NOTCH pathway has been impli-
cated in various cancers, including ESCC.?*?" In ESCC, the
frequency of NOTCHI mutation was reported to be higher in
the early stages of carcinogenesis than in the advanced stages,
suggesting NOTCH] could be an earlier mutation of ESCC.%

background mucosa
IN hyperplasia

TP53 in background mucosa

p=0.328

In this study, the somatic mutation of NOTCH]I in the back-
ground mucosa was dominantly observed; there is a possibility
that the NOTCHI mutation was contained before the neoplas-
tic change. The rate of NOTCHI somatic mutation was sig-
nificantly lower in LVLs (also in SCC) than in background
mucosa. Furthermore, inter-group analysis of SCC, IN, and hy-
perplasia, between LVL and background mucosa the NOTCH1
mutation did not show any difference in AF. Yokoyama A
et al. reported that NOTCH I mutation significantly increases in
number with heavy smoking and drinking in esophageal SCC
patients in J apan.29 It seems that the NOTCHI mutation plays
an important role in the development of SCC. But, NOTCH1
mutation was reported to be more frequent in background mu-
cosa than SCC. This phenomenon was similar in our results,
moreover, we confined there was no frequency or AF amplifi-
cation. Judging from these results, though somatic mutation of
NOTCH|1 emerges in iodine-stained mucosa, somatic mutation
of NOTCH|1 alone would not lead to SCC.

Putative driver mutations of TP53 were identified mostly
in both LVLs and background mucosa. 7P53 mutation is
known as a frequent tumor suppressor gene and is present in
more than 50% of human cancers.***' TP53 mutations have
been shown to be an early event of ESCC and are associ-
ated with cancer progression and a poor prognosis.’”>* AF
of the TP53 mutation increased significantly from hyperpla-
sia to SCC. In addition, the rate of TP53 somatic mutation
was higher in SCC than in background mucosa. Besides,
the intra-group analysis revealed that SCC has significantly
higher AF than its background mucosa. These facts indicate
that somatic mutation of 7P53 is the main driver of SCC.
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FIGURE 5 (A) AF of the 7P53 mutation intra-group of SCC, IN, and hyperplasia. Only SCC had significantly higher AF of 7P53 mutations
than in its background mucosa. (B) AF of the NOTCH1 mutation intra-group of SCC, IN, and hyperplasia. No significant difference was not

observed between LVLs and its background mucosa

The difficulty was often occurred to clearly distinguish
between carcinoma in situ, IN, and hyperplasia. In this study,
the frequency of TP53 mutation was 100%/83%/60% in SCC/
IN/Hyperplasia, respectively, suggesting that TP53 mutation
does not always indicate SCC, but the absence of TP53 mu-
tation may indicate that it is not SCC. On the other hand, the
frequency of the absence of NOTCHI1 mutation with TP53
mutation was 33%/40%/11% in SCC/IN/Hyperplasia. The
usefulness of the absence of NOTCHI1 mutation with TP53
mutation for diagnosis of ESCC was not obvious, but it could
be used to distinguish between neoplastic and non-neoplastic
changes.

Past studies reported that various CNVs have been re-
ported not only in SCC but also IN, hyperplasia, and back-
ground mucosa.>*102%35 We also detected some CNVs in
those categories. However, the number of CNV identified by
NGS was relatively few compared to the previous reports. We
estimate that the result was caused by targeting early stage can-
cer and analyzing limited regions under the target sequence.
Therefore, the additional method by real-time PCR was used
to validate CNVs in TP53 and NOTCHI1. Amplification in
TP53 was observed in only two cases of LVL and two cases
of BM, and deletion in TP53 was observed in only two cases
of LVL. Amplification in NOTCH1 was observed in only one
case of LVL, and deletion was observed in only one case of

LVL. These results were not significantly different from the
previous reports.

Around 45% of lesions in IN is missed under white light
without Lugol staining.36 Lugol chromoendoscopy is re-
ported to be very useful in detecting SCC and IN.¥73% Also,
by Lugol staining, the carcinogenic risk can be evaluated
by the severity of LVLs, but Lugol staining is a painful
and complicated examination, and it would be impossible
to perform it as routine in all cases. On the other hand,
there were also putative driver mutations in iodine-stained
mucosa. In this study, the AF in putative driver mutations
in background mucosa was significantly higher in patients
with HNSCC than without HNSCC. Previous studies that
reported the high incidence of ESCC in patients with
HNSCC were confirmed.*® In other words, among specific
high-risk patients of ESCC, AF of putative drivers was
significantly higher. It would be possible to evaluate the
risk of carcinogenesis more accurately by analyzing mu-
tational characteristics of background mucosa over time.
Furthermore, in this study, all the tissue of all cases in-
cluded in this study was obtained by biopsy or therapeutic
endoscopic resection. Therefore, it is easy to collect the
tissue and would be practical.

Gene mutations in ESCC have been reported by past
several studies,'416:21:40-42 However, most of the previous
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studies targeted advanced cancer, but our study focused on
background mucosa as well as on superficial SCC, IN, and
hyperplasia. We could capture very early gene mutations of
carcinogenesis. Identified gene mutations were similar to
those present in advanced cancer. Moreover, these mutations
were confirmed not only in superficial cancer but also IN,
and hyperplasia.

This study has some limitations. First, we had a small
sample size. Second, we focused only on high-risk patients.
Therefore, there was no information on healthy controls.
Third, this study was evaluated at one point in time; for more
accurate evaluation, observation over a long period is needed.
Forth, since microdissection was not performed on biopsy
samples, it cannot be ruled out that IN or hyperplastic sam-
ples may contain various types of cells. Fifth, the method of
evaluation of CNA in this study was different from that of the
previous report.

In conclusion, the background mucosa in patients with
LVLs already has accumulated gene mutations. Notably,
many putative driver mutations were confirmed in 7P53 and
NOTCHI. The TP53 could be the main target gene of the car-
cinogenesis in esophageal SCC; this mutation was also found
in the background mucosa in high-risk patients. NOTCHI
could be one of the early mutations of carcinogenesis but es-
timated not to be the target gene.
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