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Abstract: YEATS domain containing 4 (YEATS4) has functions of chromatin modification and transcriptional regula-
tion and is in a gene-amplified region (12g13) in various human cancers. In this study, we tested whether YEATS4
acts as a cancer-promoting gene through its activation/overexpression in gastric cancer (GC). We analyzed 5 GC
cell lines and 135 primary tumor samples of GC, which were curatively resected in our hospital. Overexpression of
the YEATS4 protein was frequently detected in GC cell lines (5/5 cell lines, 100%) and primary GC tumor tissues
(32/135 cases, 23.7%). Knockdown of YEATS4 inhibited proliferation, migration and invasion of GC cells through
NOTCH2 down-regulation in a TP53 mutation-independent manner, and induced apoptosis in wild-type TP53 GC
cells. Moreover, knockdown of YEATS4 improved chemosensitivity for CODP and L-OHP. Overexpression of YEATS4
protein significantly correlated with more aggressive lymphatic invasion, larger tumor size, deeper tumor depth,
positive lymph node metastasis and recurrence. Patients with YEATS4-overexpressing tumors had a lower overall
survival rate than those with non-expressing tumors. Multivariate analysis demonstrated that YEATS4 was indepen-
dently associated with poor outcomes. These findings suggest that YEATS4 plays a pivotal role in tumor malignant
potential through its overexpression and highlight its usefulness as a prognostic factor and potential therapeutic

target in GC.
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Introduction

Gastric cancer (GC) is one of the most common
causes of death from cancer worldwide [1].
Recent advances in diagnostic technologies
and perioperative management have increased
early detection of GC and decreased morbidity
and mortality rates [2, 3]. However, patients
with advanced GC still frequently experience
recurrence despite extended radical resec-
tions, which results in an extremely poor sur-
vival rate [4, 5]. Numerous genes have been
analyzed to understand the molecular mecha-
nisms of carcinogenesis and improve clinical
outcomes for human GCs; however, only a few
genes with frequent alterations have been
identified [6, 7], such as the gene amplifica-
tions of MET and ERBB2 [8, 9]; hypermethyl-

ation of p16 [10, 11]; mutations of TP53, APC
and E-cadherin [12-14]; oncogenic activation of
beta-catenin and K-ras [15, 16]; and inactiva-
tion of the mismatch repair gene hMLH1, which
is associated with microsatellite instability [17].
However, in clinical settings, only a few genes
have been used as diagnostic biomarkers and/
or therapeutic targets [18-20]. Therefore, we
aimed to identify novel genes associated with
the progression of GC.

YEATS domain containing 4 (YEATS4) was first
reported in glioma by Fischer U in 1997 [21],
and is involved in chromatin modification and
transcriptional regulation [22]. Oncogenic func-
tions of YEATS4 have recently been reported in
various types of cancer, such as non-small cell
lung cancer [23], glioblastoma [24], liposarco-
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ma [25], ovarian cancer [26], colorectal cancer
[27, 28], pancreatic cancer [29] and GC [30]. In
addition, YEATS4 is located in chromosome
12q13-15, in which genomic high-copy amplifi-
cation has been reported to contribute to the
progression of several kinds of cancers includ-
ing liposarcoma [31], sarcoma [32], leukemia
[33], lymphoma [34], malignant tumor of saliva-
ry gland [35], osteosarcoma [36], glioblastoma
[37], nasopharyngeal carcinoma [38] and blad-
der cancer [39]. However, to date, there has
been only one report on YEATS4 molecular
function in GC [30]. These findings prompted us
to investigate the effects of YEATS4 overex-
pression and activation in primary GC.

In this study, we attempted to investigate the
effects of YEATS4 overexpression and activa-
tion in GC. Consequently, we demonstrated
that YEATS4 was frequently overexpressed in
GC cell lines and primary GC tissues, and the
overexpression of YEATS4 was identified as an
independent factor predicting a poor progno-
sis. We also demonstrated that knockdown of
YEATS4 expression in YEATS4-overexpressing
GC cells suppressed the cell proliferation,
migration and invasion and induced apoptosis
in a p53-dependent manner. Our results pro-
vide evidence that YEATS4 could be an impor-
tant molecular marker for determining the
malignant properties of tumors and a promis-
ing therapeutic target in patients with GC.

Materials and methods
Patients and primary samples

All experimental methods were carried out in
accordance with relevant guidelines (such as
REMARK guidelines and regulations). Written
informed consent was obtained from all
patients to use their tissue specimens and
blood samples. This study was approved by the
institutional review board of Kyoto Prefectural
University of Medicine. No patients underwent
endoscopic mucosal resection, palliative resec-
tion, preoperative chemotherapy or radiation
procedures. Patients with synchronous or me-
tachronous multiple cancers were excluded.

Paraffin-embedded primary GC tissue samples
were collected from 135 consecutive GC
patients who underwent curative gastrectomy
at Kyoto Prefectural University of Medicine
(Kyoto, Japan). Tumor stages were assessed
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according to the Union for International Cancer
Control classification system [40]. In all cases,
at least two pathologists agreed with the patho-
logical observations and confirmed the diagno-
sis. Relevant clinical and survival data were
available for all patients (Supplementary Table
1).

Cell lines

Five GC cell lines (NUGC4, HGC27, MKN7,
MKN28, MKN45), a wild-type p53 osteosarco-
ma cell line, a p53-null osteosarcoma cell line
and a fibroblast cell line were used in this study.
All cell lines were purchased from RIKEN Cell
Bank (Tsukuba, Japan), the Japanese Collection
of Research Bioresources Cell Bank (Osaka,
Japan) and Cell Lines Service (Eppelheim,
Germany). All cell lines were identified by Short
Tandem Repeat profiling. No mycoplasma con-
tamination was detected in any of the cul-
tures. HGC27 and U20S cells were cultured
in Dulbecco’'s Minimum Essential Medium
(Sigma, St. Louis, MO). Sa0S2 cells were cul-
tured in HyClone McCoy’s 5A Medium (GE
Healthcare Life Sciences, Amersham, UK).
The other cells were cultured in Roswell Park
Memorial Institute 1640 medium (Sigma, St.
Louis, MO). All mediums were supplemented
with 10% fetal bovine serum (Trace Scientific,
Melbourne, Australia). All cells were cultured in
5% carbon dioxide at 37°C in a humidified
chamber.

Quantification of mRNA by qRT-PCR

Total RNA was also extracted from four
15-um-thick slices of formalin-fixed and paraf-
fin-embedded tissue samples (60 um thick-
ness) and cell lines using a Recover All Total
Nucleic Acid Isolation Kit (Ambion, Austin, TX)
and an RNeasy Mini Kit (Qiagen, Valencia, CA),
respectively. The total RNA of normal organs
was purchased from Takara Bio Inc., Shiga,
Japan (Human Total RNA Master Panel Il (Cat.
No. 636643) and Human Liver Total RNA (Cat.
No. 636531)) and BioChain Institute Inc., CA,
USA (Human Oesophagus Total RNA (Cat. No.
R1234106-50)). Single-stranded complemen-
tary DNA generated from total RNA was
amplified with primers specific for each gene,
as described below. The abundance of mRNAs
was quantified by gRT-PCR using a Human
TagMan Gene Expression Assays (Hs0023-
2423_m1 for YEATS4; Applied Biosystems,
Foster City, CA). The reverse transcription reac-
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tion was conducted with a TagMan MicroRNA
Reverse Transcription Kit (Applied Biosyste-
ms). gPCR was run on a StepOnePlus PCR sys-
tem (Applied Biosystems). Cycle threshold (CT)
values were calculated with StepOne Soft-
ware v2.0 (Applied Biosystems). The results of
gene expression were calculated as a ratio
between YEATS4 and an internal reference
gene (Hs01060665_g1 for B-actin; Applied
Biosystems) that provides a normalization fac-
tor for the amount of RNA isolated from speci-
men. This assay was performed in triplicate for
each sample.

Western blot analysis

Anti-YEATS4 mouse monoclonal antibody (Cat.
No. sc-393708) was purchased from Santa
Cruz Biotechnology (Santa Cruz Biotechnology,
CA). Anti-ACTB, p21, AKT, phospho-AKT, Not-
ch2, Caspase-3, Cleaved Caspase-3, and PARP
were purchased from Cell Signaling Technolo-
gy (Cat. No. 4970, 2946, 4691, 4060, 5732,
9662, 9664 and 9532, respectively; Cell
Signaling Technology, USA). Cells were lysed in
Tris buffer (50 mmol/l, pH 7.5) containing 150
mmol/L NaCl, 1 mmol/L EDTA, 0.5% NP-40,
10% glycerol, 100 mmol/L NaF, 10 mmol/L
sodium pyrophosphate, 2 mmol/L Na, VO, and
a protease inhibitor cocktail (Roche, Tokyo,
Japan), and their proteins were extracted us-
ing M-PER Mammalian® Protein Extraction
Reagent (Thermo Scientific, USA). Twenty micro-
grams of proteins per lane were loaded for
electrophoresis.

Immunofluorescence staining

For immunofluorescence staining, cells were
subsequently fixed with 4% paraformaldehyde
at room temperature for 20 min, permeabilized
in 0.25% Triton X-100 in PBS, and incubated in
blocking buffer containing 1% bovine serum
albumin. Cells were then incubated with the
anti-YEATS4 and anti-Notch2 antibody at room
temperature for 1 h. After three washes in
PBS, cells were incubated with Alexa Fluor
488-labeled goat anti-mouse and Alexa Fluor
594-labeled goat anti-rabbit secondary anti-
bodies at room temperature for 1 h. After three
washes in PBS, cells were incubated with rho-
damine phalloidin and 40,6-diamidino-2-phe-
nylindole (DAPI) for 30 min. DAPI staining was
performed and slides were mounted with
Vectashield Mounting Medium (Vector Labor-
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atories, Burlingame, CA, USA). The distribution
of YEATS4 and Notch2 proteins was examined
using BZ-X700 (Keyence, Tokyo, Japan).

Loss-of-function by siRNA and cell growth
analysis

For loss-of-function analysis by the knocking
down of endogenous gene expression, each
of the siRNAs targeting YEATS4 (custom made
SiRNA, 5-CCUGUAACCCUGUAUCAUUUGCUAA-
3’ for SIRNA-YEATS4 1, 5-GCAACAAUUAUUG-
ACAACAUCUCGU-3’ for SIRNA-YEATS4 2, and
5-CAGAAUUUGCAGAGCUUGAAGUGAA-3’ for Si-
RNA-YEATS4 3; Sigma Genosys, Tokyo, Japan)
or Luciferase (Luc) 5-CGUACGCGGAAUACU-
UCGA-3’ (Sigma Genosys) was transfected in-
to cells (10 nmol/1) using Lipofectamine RNAI-
MAX (Invitrogen Corporation, Carlsbad, CA)
according to the manufacturer’s instructions.
The knockdown of a target gene was confirmed
by qRT-PCR and Western blotting.

To measure cell growth, the number of viable
cells at various time points after transfection
was assessed by a colorimetric water-soluble
tetrazolium salt assay (Cell Counting Kit 8;
Dojindo Laboratories, Kumamoto, Japan). Cell
viability was determined by reading the opti-
cal density at 450 nm. The cell cycle was evalu-
ated 72 h after transfection by fluorescence-
activated cell sorting (FACS), as described else-
where [41, 42]. For the FACS analysis, harvested
cells were fixed in 70% cold ethanol and treated
with RNase A and propidium iodide. Samples
were analyzed on a Becton Dickinson Accuri™
C6 Flow Cytometer (Becton Dickinson, San
Jose, CA).

Apoptotic cell analysis

At 72 h after transfection, the SiRNA-tran-
sfected cells were harvested and stained with
fluorescein isothiocyanate-conjugated anne-
xin V and phosphatidylinositol using an Annexin
V Kit (Beckman Coulter, Brea, CA). A Becton
Dickinson Accuri™ C6 flow cytometer was used
to analyze the proportion of apoptotic cells
[43].

To assess the chemoresistance of GC cell lines
to CDDP and L-OHP, NUGC4 (wild-type TP53)
and HGC27 (mutanttype TP53) that were
transfected with SIRNA-YEATS4 and its control
were plated onto a 6-well plate (6 x 10* cells
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Figure 1. Overexpression of YEATS4 in GC. (A) Expression of YEATS4 mRNA in five GC cell lines compared with the
normal organs, fibroblast cell line WI-38, TP53 wild osteosarcoma cells, U20S and all TP53 null osteosarcoma cell
lines, Sa0S2. (B) Expression of YEATS4 in five GC cell lines and osteosarcoma cell lines compared with that in a nor-
mal stomach (n = 10) and fibroblast cell line WI-38. The level of YEATS4 mRNA was determined by RT-PCR in normal
gastric mucosae and a panel of GC cell lines. The status of the TP53 mutation in each cancer cell line was evaluated
by western blotting. The status of TP53 was positively associated with the reported status of a TP53 mutation in the
database (http://p53.free.fr/index.html, W: wild-type TP53, M: mutant-type TP53). Note that, among TP53-mutated
GC cell lines, KATO-IIl and HGC27 cells have a p53 gene deletion and a frameshift mutation, respectively. (C) Spe-
cific immunostaining of YEATS4 in representative primary tumor samples. Based on this result, the intensity scores
for YEATS4 staining were determined as follows: O = negative, 1 = weak, 2 = medium, 3 = strong. (D) Kaplan-Meier
plots depending on the intensity scores of specific immunostaining of YEATS4. The log-rank test was used for statis-
tical analysis. P < 0.05 was considered statistically significant. Overall survival (E) and recurrence-free survival (F)
rate of GC patients depended on the intensity scores in YEATS4 expression. Expression of YEATS4 was graded as
high expression (intensity scores > 2 for tumor cells showing immunopositivity) or low expression (intensity scores <
1 for tumor cells showing immunopositivity).

per well) and incubated overnight under normal after the addition of anticancer drug, apoptosis
culture conditions. The cells were then incubat- cell analysis was performed as mentioned
ed with CDDP (2 uM) and L-OHP (5 uM). At 48 h above.
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Trans-well migration and invasion assays

Transwell migration and invasion assays were
conducted in 24-well modified Boyden cham-
bers (Transwell chambers, BD Transduction,
Franklin Lakes, NJ). The upper surface of
6.4-mm-diameter filters with 8-um pores was
precoated with (invasion assay) or without
(migration assay) Matrigel (BD Transduction).
The SiRNA transfectants (5 x 10° cells per well)
were transferred into the upper chamber.
Following 22 h of incubation, the migrated or
invasive cells on the lower surface of the filters
were fixed and stained with Diff-Quik stain
(Sysmex, Kobe, Japan), and stained cell nuclei
were counted directly in triplicate [44]. We
assessed the ability of the cells to move through
extracellular matrices by calculating the num-
ber of cells, which is the ratio of the percentage
invasion through the matrigel-coated filters rel-
ative to migration through the uncoated filters
of test cells over that in the control cells.

Immunohistochemistry

Tumor samples were fixed with 10% formalde-
hyde in PBS, embedded in paraffin, sectioned
into 5 um-thick slices and subjected to immu-
nohistochemical staining of YEATS4 protein
using the avidin-biotin-peroxidase method [45,
46]. In brief, after deparaffinization, endoge-
nous peroxidases were quenched by incubating
the sections for 20 min in 3% H,O,. Antigen
retrieval was performed by heating the samples
in 10 mmol/L citrate buffer (pH 6.0) at 95°C for
60 min. After treatment with Block Ace
(Dainippon Sumitomo Pharmaceutical, Osaka,
Japan) for 30 min at room temperature, the
sections were incubated at room temperature
for 60 min and at 4°C overnight with anti-
YEATS4 (1:500) antibody. The avidin-biotin-per-
oxidase complex system (Vectastain Elite ABC
kit; Vector Laboratories, Burlingame, CA) was
used for color development with diaminobenzi-
dine tetrahydrochloride. The slides were coun-
terstained with Mayer’s hematoxylin. Aformalin-
fixed GC cell lines overexpressing YEATS4
(NUGC4), in which > 50% of cells showed stain-
ing of YEATS4 protein, was used as a positive
control, whereas NUGC4 cells included without
the YEATS4 antibody were used as a negative
control.

For scoring YEATS4 expression, the intensity
(intensity score: O = negative, 1 = weak, 2 =
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moderate, 3 = strong) was evaluated for each
case. Expression of YEATS4 was graded as
high expression (Intensity score > 2), or low
expression (Intensity score < 1) using high pow-
ered (x 200) microscopy. For the scoring of p53
expression, the intensity (intensity score; O =
negative, 1 = weak, 2 = moderate, 3 = strong)
and the percentage of the total cell population
(proportion score; 0% < 0 < 30%, 30% <1 <
100%) that expressed p53 were evaluated for
each case. A distinct nuclear immunoreaction
in both 3 and > 30% of the cancer cells was
judged positive. The remaining cases were
judged negative.

Statistical analysis

Clinicopathological categorical variables per-
taining to the corresponding patients were ana-
lyzed for significance by the Chi-square test or
Fisher’s exact test. The differences of non-cat-
egorical variables between subgroups were
tested with the non-parametric Mann-Whitney
U test. For the analysis of survival, Kaplan-
Meier survival curves were constructed for
groups based on univariate predictors, and dif-
ferences between the groups were tested with
the log-rank test. Univariate and multivariate
survival analyses were performed using the
likelihood ratio test of the stratified Cox pro-
portional hazards model. Differences were
assessed with a two-sided test and were con-
sidered significant at the P < 0.05 level.

Results
Overexpression of YEATS4 in GC cell lines

Quantitative RT-PCR analysis was performed to
test whether YEATS4 is overexpressed in GC
cell lines compared with the normal organs
and the fibroblast cell line WI-38 (Figure 1A).
YEATS4 mRNA overexpression was observed in
all GC cell lines (5 out of 5 lines, 100.0%) and
testis compared with normal stomachs, other
normal organs and the fibroblast cell line WI-38,
suggesting that this gene is a cancer-testis
antigen and a target for activation in GC.
Expression of YEATS4 protein detected by the
YEATS4-specific antibody (5 out of 5 lines,
100.0%) seemed to be correlated with that of
YEATS4 mRNA in GC cell lines (Figure 1B). We
used representative osteosarcoma cell lines
(Sa0S2; TP53-null, U20S; wild-type TP53) and
examined the status of a TP53 mutation in the
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Table 1. Association between clinicopathological characteristics and YEATS4 expression in GC pa-

tients
) Intensity Univariate?
Variables -
High (2, 3) (n=32) Low (O, 1) (n=103) P-value

Gender Female 7 17% 34 83% 0.276
Male 25 27% 69 73%

Age (60 years old) <60 12 23% 40 7% 0.937
>60 20 24% 63 76%

Tumor size <60 mm 14 16% 76 84% <0.001
>60 mm 17 46% 20 54%

Lymphatic invasion lyO, lyl 15 15% 87 85% <0.001
ly2, ly3 17 53% 15 A7%

Venous invasion vO, v1 25 21% 93 79% 0.122
v2,v3 7 41% 10 59%

T factor T4, T2 9 11% 75 89% <0.001
13, T4 23 45% 28 55%

N factor NO, N1 13 13% 88 87% <0.001
N2, N3 19 56% 15 44%

p Stage p Stage |, Il 13 14% 81 86% <0.001
p Stage Ill 19 46% 22 54%

Recurrence Absent 14 13% 92 87% <0.001
Present 18 62% 11 38%

aUnivariate analysis was assessed using the Chi squared test. NOTE: significant values are in bold.

Table 2. Univariate and multivariate analyses for survival of GC patients following gastrectomy using

the Cox’s proportional hazards model

) Univariate? Multivariate®

Variable n

P-value HRe 95% Cl¢  p-value
Gender Male vs. female 94 vs. 41 0.977
Age (60 years old) > 60 vs. <60 83 vs. 52 0.056
Lymphatic invasion (ly) Ly (+) vs. ly (-) 66 vs. 69 <0.001
Venous invasion (v) vV (+)vs.v(-) 40 vs. 95 0.008 757 1.47-30.8 0.007
p Stage (TNM classification) Stage Il, Ill vs. Stage | 94 vs. 41 <0.001 30.3 9.84-133 <0.001
YEATS4 intensity score High vs. low 38 vs. 97 0.012 2.30 1.05-5.12 0.037

aKaplan-Meier method; significance was determined by a log-rank test. "Multivariate survival analyses were performed using
Cox’s proportional hazards model. °HR: Hazard ratio. “Cl: Confidence interval. NOTE: significant values are in bold.

GC cell lines, including these osteosarcoma cell
lines by western blotting. These statuses of
TP53 mutation in various cell lines are positive-
ly associated with their reported status of TP53
mutation in the database (http://p53.free.fr/
index.html; W: wild-type TP53, M: mutant
TP53). Note that, among TP53-mutated GC cell
lines, HGC27 cells have a frameshift mutation.

Immunohistochemical analysis of YEATS4
expression in primary tumors of GC

Because the YEATS4 protein was overex-
pressed in all GC cell lines, it was hypothesized
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that YEATS4 was also highly expressed in GC
tissues and would be associated with carcino-
genesis and malignant outcomes. We exam-
ined the prognostic and clinicopathological sig-
nificance of YEATS4 expression in primary
tumor samples of GC based on the immunohis-
tochemical staining pattern of this protein.
YETS4 was mainly observed in the nucleus of
cancer cells (Figure 1C). We classified 135 GC
samples into positive and negative groups
according to the intensity of YEATS4 staining
among tumor cells, as described in materials
and methods. In primary cases, YEATS4 protein
expression was negative in the non-tumorous
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gastric mucosal cell population (Figure 1C).
Kaplan-Meier survival estimates showed that
YEATS4 immunoreactivity in tumor cells was
significantly associated with a worse overall
survival according to the intensity score (Figure
1D). Supplementary Table 1 shows the distribu-
tion of patients based on the intensity scores of
YEATS4 immunoreactivity of tumor samples. In
the score of intensity, the YEATS4 high expres-
sion group, with scores of > 2 for tumor cells
showing immunopositivity, presented a signifi-
cantly poorer overall survival (P < 0.01, log-rank
test) (Figure 1E) and recurrence-free survival
rate (P < 0.01, log-rank test) (Figure 1F) than
the low expression group.

Association between YEATS4 protein abun-
dance and clinicopathological characteristics
in primary cases of GC

The relationship between the expression of the
YEATS4 protein and clinicopathological cha-
racteristics is summarized in Table 1. Protein
expression of YEATS4 was significantly associ-
ated with more aggressive lymphatic invasion,
larger tumor size, deeper tumor depth and a
higher rate of lymph node metastasis and
recurrence, whereas other characteristics were
not. Patients with YEATS4-overexpressing tu-
mors had a worse overall rate of survival than
those with non-expressing tumors (P = 0.024,
log-rank test) in an intensity-dependent man-
ner. When data were stratified for multivariate
analysis using both the forward and backward
stepwise Cox regression procedures, YEATS4
immunoreactivity in tumor cells as an indepen-
dent factor predicting a worse overall survival
rate (hazard ratio 2.30; 95% confidence inter-
val: 1.053-5.126) along with advanced patho-
logical stage and venous invasion (Table 2).

Suppression of cell proliferation by knockdown
of YEATS4 and the knockdown effect accord-
ing to TP53 mutation status

To gain insight into the potential role of YEATS4
as an oncogene whose overexpression could
be associated with gastric carcinogenesis, we
first performed a cell proliferation assay using
siRNAs specific to YEATS4 (SiRNA-YEATS4) to
investigate whether knockdown of YEATS4
would suppress the proliferation of GC cells
that overexpress YEATS4. In both TP53 wild-
type and TP53 mutant-type cell lines, such as
NUGC4 (Figure 2A), HGC27 (Figure 2A), MKN45
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(Figure 3A), MKN7 (Figure 3A), Sa0S2 (Figure
4A) and U20S (Figure 4A), expression of the
YEATS4 protein was more efficiently knocked
down 24-72 h after the transient introduction
of a YEATS4-specific siRNA (siRNA-YEATS4)
compared to a Luciferase-specific siRNA (siR-
NA-Luc) as a negative control. The proliferation
of all these cell lines was significantly lower
than with controls after the knockdown of
endogenous YEATS4 expression (Figures 2B,
3B and 4B).

Cell cycle analysis and apoptosis assay
by silencing of YEATS4 expression using
fluorescence-activated cell sorting

To investigate the reasons for the suppression
of cell proliferation by knockdown of YEATS4,
we performed a cell cycle analysis and an apop-
tosis assay. Fluorescence-activated cell sorting
(FACS) analysis demonstrated that transfection
of TP53 wild-type NUGC4 (Figure 2B), MKN45
(Figure 3B) and U20S (Figure 4B) with siRNA-
YEATS4 resulted in an accumulation of cells in
the sub-G1 phase compared with transfection
with control siRNA. In the TP53 mutant HGC27
(Figure 2B) and MKN7 (Figure 3B) and Sa0S2
(Figure 4B), transfection with siRNA-YEATS4
resulted in an accumulation of cells in the GO/
G1 phase compared with transfection with con-
trol siRNA.

The apoptotic cell analysis showed that trans-
fection of TP53 wild-type NUGC4 with siRNA-
YEATS4 increased early apoptosis (annexin
V-positive/Pl-negative) and late apoptosis (an-
nexin V/Pl-double positive) at 72 h after trans-
fection compared with transfection with con-
trol siRNA (Figure 2B). Whereas, there was no
difference by transfection with siRNA-YEATS4
In the TP53 mutant HGC27 (Figure 2B).

Western blotting showed that transfection of
TP53 wild-type NUGC4 (Figure 5A) with siRNA-
YEATS4 induced the cleavage of caspase 3 and
PARP. In the TP53 mutant, HGC27 (Figure 5A)
transfected with siRNA-YEATS4, the cleavage
of caspase 3 and PARP was not found. These
findings suggested that the knockdown of
YEATS4 overexpression in TP53 wild-type cells
induces cell apoptosis through caspase activa-
tion. However, in TP53 mutant cells, knock-
down of YEATS4 overexpression did not induce
cell apoptosis but did induce cell cycle arrest.
Namely, YEATS4 might be related to cell apop-

Am J Cancer Res 2018;8(12):2436-2452



Overexpression of YEATS4 in gastric cancer

NUGC4 HGC27

>

B NUGC4 HGC27
c (wt-TP53) = (mut-TP53) i (Wt-TP53) - (mut-TP53)
2 15 2 15 g *Y | —o—smnAc * & —O—SiRNA-Luc
2o 8o < il SIRNA-YEATS 2 i SiRNA-YEATS4,
2m = 3 3.0 = 3 15
x
50 1 s - 3
<3 L5 s 2.0 - 10
ZW0n )] o %]
X = 0.5 1 ] 05 c c
E< Eg 3 10 S 05
= oy 5 5
Z2< =< @ *P<0.05 *P<0.05
s 0 5 0 2 00 2 o0 .
o 14 24h 48h 72h 96 h 24h 48h 72h 9%h
YEATS4 = YEATS4 el )
Cell cycle analysis
ACTB s ACTE " e — — SIRNA-Luc SIRNA-YEATSA g SIRNA-YEATS4
SiRN  SiRNA- SiRNA-  SiRNA- SiRN  SIRNA- SiIRNA-  SiIRNA- §
A-Luc YEATS4 1 YEATS4 2YEATS4 3 AdLluc YEATS4 1 YEATS4 2 YEATS4 3 °
[=]
g
C -
0 5'1(?:’L2k0‘ 1.5*10% 0 5'|DF’L2126 1.5"10% 0 éﬁ;{}; 108 0 F5I::’2°:\ 100
(wt- ) g 515 Apoptosis assay
£ -E *P<0.05 o ate: Pdin al) o Gate (P4in alp o Gate (P& in al) o _Gate: (P4in af)
= S VP Qo1-UR ¥ R G1-UR P [EL " o1l 01.UR
g1 * z 1 01.7% 09% Tiow 6% 5.3% 0.2% B 0%
- _ Sq - i Py b - Sq _~
;8>05 8 =t - &' a? a1
2 20s N 7 < <+ '
o k] B 24 2ag 2q daj
(] © 7
x O x 0 SoruL a1LA i 1-LR Yoy O14R - T 014K
SIRNA  SIRNA- SIRNA  SIRNA- B i it PR it PR i PRI i
rhues  YEATS -Luc YEATS4 Annexin-V Annexin-V Annexin-V ARdeR
SiRNA-Luc SiRNA-YEATS4 SiRNA-Luc SiRNA-YEATS4
HGC27 Migration Invasio l
(mut-TP53) @15 ¢ 216 asien 04
. o 4 . DOSIRNA-Luc
3 3 OSIRNA-Luc i
£ £ *P<005 g , BSIRNA-YEATS4 £ 03 DSIRNA-YEATS4
2 4 21 23 =
= = g 8
8 S g 2 2
205 * go.s . g, £
2 3 : :
g o & o 0
SIRNA SiRNA- SIRNA  SIRNA- Early Late Early Late

-Luc  YEATS4 -Luc YEATS4 apoptosis apoptosis apoptosis apoptosis
*P<0.05

Figure 2. Suppression of malignant behaviors in GC cells by knockdown of YEATS4 and the knockdown effect according to TP53 mutation status. A. Effects of
YEATS4 knockdown by siRNA (siRNA-YEATS4) compared with those of the control siRNA in NUGC4 (wild-type TP53) and HGC27 (mutant-type TP53) cell lines. B. Ef-
fects of knocking down endogenous YEATS4 on cell proliferation at the indicated times. The results are the means + SD (bars) for quadruplicate experiments. The
Mann-Whitney U-test was used for the statistical analysis: *P < 0.05. Representative results of the population in each phase of the cell cycle in GC cells assessed by
FACS at 72 h after treatment with siRNA (upper middle). Representative results of the apoptosis assay in GC cells at 72 h after treatment with siRNA (lower middle).
C. Migration and invasion of cells transfected with siRNA targeting YEATS4 in NUGC4 and HGC27. The graphs on the bottom show the means + SD (bars) of n = 4.
The Mann-Whitney U-test test was used for statistical analysis. P < 0.05 was considered statistically significant.
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Figure 3. Suppression of malignant behaviors in GC cells by knockdown of YEATS4 and the knockdown effect according to TP53 mutation status. A. Effects of
YEATS4 knockdown by siRNA (siRNA-YEATS4) compared with those of the control siRNA in MKN45 (wild-type TP53) and MKN7 (mutant-type TP53) cell lines. B. Ef-
fects of knocking down endogenous YEATS4 on cell proliferation at the indicated times. The results are the means + SD (bars) for quadruplicate experiments. The
Mann-Whitney U-test was used for the statistical analysis: *P < 0.05. Representative results of the population in each phase of the cell cycle in GC cells assessed by
FACS at 72 h after treatment with siRNA. Representative results of the apoptosis assay in GC cells at 72 h after treatment with siRNA. C. Western blotting analyses
showed that knockdown of YEATS4 by transfection with siRNA-YEATS4 induced the production of p21 and suppressed Notch2 expression. In NUGC4 (wild-type TP53)
cells, knockdown of YEATS4 also induced phosphorylation activation of AKT.
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Figure 4. Suppression of malignant behaviors in osteosarcoma cells by knockdown of YEATS4 and the knockdown effect according to TP53 mutation status. A.
Effects of YEATS4 knockdown by siRNA (siRNA-YEATS4) compared with those of the control siRNA in U20S (wild-type TP53) and Sa0S2 (null TP53) cell lines. B. Ef-
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assessed by FACS at 72 h after treatment with siRNA. Representative results of the apoptosis assay in GC cells at 72 h after treatment with siRNA. C. Western blot-
ting analyses showed that knockdown of YEATS4 by transfection with siRNA-YEATS4 induced the production of p21 and suppressed the Notch2 expression in U20S
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2445

Am J Cancer Res 2018;8(12):2436-2452



Overexpression of YEATS4 in gastric cancer

A NUGC4 HGC27
(Wt-TP53) (mut-TP53)
48h 72h 48h 72h

) & 3 & 3

SRNA -, &, 4 g = . =

= > 3 u = b= 3 u
YEATS4 W T mmw —— -
p21 b -— —

Akt e ———

p-Akt S - — e —
NOTCH2 —— — —_— e e -
Caspase 3 « - - S —
Cleaved Caspase 3
PARP - -—
Cleaved PARP -
ACTE T T T  —— —— — —

B NUGC4 (wt-TP53)

DAPI YEATS4 NOTCH2 Merged
SiRNA-
Luc
SiRNA-
YEATS4

HGC27 (mut- TP53)
YEATS4 NOTCH2 Meraed

SiRNA-
Luc

SiRNA-
YEATS4

wt-TP53

N

l / Nolch2

Caspase p21 ‘
activation

'

Vp i

-~

s p

,’

Other substrates?
/

Migration

Proliferation ﬂ
Invasion

Cell cycle

ﬂ/
\

mut-TP53

\
\
\
\

Notch2 1 \

Other substrates?

L |

Proliferation ﬁ
Cell cycle

Migration
Invasion

Y

Figure 5. Molecular mechanisms by which overexpression of YEATS4 contributes to malignant potential in GC cells.
A. Knockdown of YEATS4 by transfection with siRNA-YEATS4 induced the production of p21 and suppressed Notch2
expression. In NUGC4 (wild-type TP53) cells, knockdown of YEATS4 also induced phosphorylation activation of AKT,
the cleavage of caspase 3 and PARP. B. Knockdown of YEATS4 suppressed Notch2 expression in both NUGC4 (wild-
type TP53) and HGC27 (mutant-type TP53) GC cells. Moreover, the distribution of YEATS4 in GC cells was similar to
that of Notch2. C. A hypothetical model of the overexpression/activation of YEATS4 in GC cells.

tosis and the cell cycle in a TP53 mutation-
dependent manner.

Suppression of cell migration and invasion by
downregulation of YEATS4 expression

As shown in Table 1, protein expression of
YEATS4 was significantly associated with lym-
phatic invasion in clinical samples. To confirm
the relationship between YEATS4 and cell
migration and invasion in vitro, transwell migra-
tion and invasion assays were performed. We
examined the ability of TP53 wild-type NUGC4
and TP53 mutant HGC27 cells transfected with
SiRNA-YEATS4 to move through pores under dif-
ferent conditions. An uncoated membrane was
used for the migration assays, whereas a
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Matrigel-coated membrane was used for the
invasion assays. In Figure 2C, the numbers of
NUGC4 and HGC27 cells that migrated into the
lower chamber were significantly lower for siR-
NA-YEATS4-transfected cells than for siRNA-
control-transfected cells under both conditions.
The results suggest that the overexpression of
YEATS4 can enhance the ability of GC cells to
migrate and invade in both the TP53 wild-type
and the TP53 mutant-type cell lines.

Molecular mechanisms by which overexpres-
sion of YEATS4 contributes to malignant poten-
tial in GC cells

The PI3K/AKT pathway is frequently activated
in cancers and is important for tumor cell
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growth and survival [47]. Knockdown of YEATS4
expression by transfection with siRNA-YEATS4
suppressed the phosphorylation activation of
AKT and induced production of p21 in TP53
wild-type NUGC4 (Figure 5A), MKN45 (Figure
3C) and U20S (Figure 4C), whereas it induced
production of p21 without suppressing the
phosphorylation activation of AKT in TP53
mutant-type HGC27 (Figure 5A), MKN7 (Figure
3C) and TP53 null-type Sa0S2 (Figure 4C).

Recently, YEATS4 has been reported as an acti-
vator of Notch2 [48], which is a key molecule on
proliferation, migration and invasion of cancer
cells [49]. We confirmed that knockdown of
YEATS4 suppressed Notch2 expression in both
TP53 wild-type and TP53 mutant-type GC cells
(Figures 5B, 3C and 4C). The distribution of
YEATS4 and Notch2 in TP53 wild-type NUGC4
and TP53 mutant-type HGC27 treated with siR-
NA-Luc and SiRNA-YEATS4 was examined using
immunofluorescence staining. The distribution
of YEATS4 in GC cells was similar to that of
Notch2 (Figure 5B). These results suggested
that overexpression of YEATS4 induced cell
proliferation, migration and invasion through
the activation of Notch2 in both TP53 wild-type
and mutant-type GC cells. In addition, the over-
expression of YEATS4 could induce cell migra-
tion and invasion through the activation of AKT
in TP53 wild-type cells. Figure 5C shows a
hypothetical model of the overexpression/acti-
vation of YEATS4 in GC cells.

Association between high expression of
YEATS4 and chemoresistance

Recently, it has been reported that the high
expression of YEATS4 is associated with che-
moresistance for L-OHP in colorectal cancer
[28]. Thus, we examined whether YEATS4 was
also associated with chemoresistance in GC.
When treated with CDDP or L-OHP, transfection
of TP53 wild-type NUGC4 with siRNA-YEATS4
increased early apoptosis at 72 h after trans-
fection compared with transfection with con-
trol siRNA (Figure 6A). Whereas, the significant
improvement of chemosensitivity was not ob-
served by transfection with siRNA-YEATS4 in
the TP53 mutant HGC27 (Figure 6B).

Discussion

In this study, we demonstrated that YEATS4
was frequently overexpressed in GC cell lines
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and primary GC, and the overexpression was
significantly associated with malignant tumor
features and poor outcomes. Knockdown of
YEATS4 using specific siRNA inhibited proli-
feration, migration and invasion of YEATS4-
overexpressing GC cells through the NOTCH2
down-regulation in a TP53 mutation-indepen-
dent manner, and induced apoptosis in wild-
type TP53 GC cells. Moreover, knockdown of
YEATS4 improved chemosensitivity for CDDP
and L-OHP. These findings suggest that YEATS4
plays a crucial role in tumor malignant potential
through its overexpression and highlight its
usefulness as a prognostic factor and poten-
tial therapeutic target in GC.

YEATS4 is a member of a protein family charac-
terized by the presence of an N-terminal YEATS
domain [22]. As with other YEATS domain-con-
taining proteins, YEATS4 is reported to be asso-
ciated with chromatin modification and tran-
scriptional regulation, which may involve
recognition of chromatin targets and recruiting
modification complexes to affect transcription.
Moreover, previous studies have identified that
YEATS4 is frequently gene-amplified and has
various oncogenic functions in human cancers
[23, 50, 51]. In our study, the immunoreactivity
to the YEATS4 protein in each GC sample was
significantly associated with a worse clinical
outcome even after stratification with other
clinicopathological characteristics in a multi-
variate analysis. In combination with p53, there
was no relationship between the expression
levels of YEATS4 and p53 in primary tumors,
although some previous reports suggested
these positive correlations in various cancers,
such as glioma [52], lung cancer [23] and ovar-
ian cancer [26]. These results suggest that the
immunoreactivity to YEATS4 may be useful as
an independent prognosticator in patients with
GC.

In our in vitro analyses, knockdown of YEATS4
over-expression induced cell apoptosis in wild-
type TP53 GC cells and GO/G1 cell cycle arrest
in mutant-type TP53 cells. Furthermore, we
investigated the molecular mechanism affect-
ing the malignant potential in tumour cells with
both overexpressions of YEATS4. Transwell
migration and an invasion assay revealed that
the knockdown of YEATS4 suppressed cell
migration and invasion in both wild-and mutant-
type TP53 cells. Recently, interaction between

Am J Cancer Res 2018;8(12):2436-2452
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YEATS4 and Notch2 was suggested in hepato-
cellular carcinoma [48], so we explored wheth-
er there was similar positive association
between YEATS4 and Notch2 in GC. The distri-
bution of YEATS4 in GC cells was similar to that
of Notch2 and knockdown of YEATS4 sup-
pressed Notch2 expression in both wild- and
mutant-type TP53 cells. These findings sug-
gested that knockdown of YEATS4 suppressed
cell migration and invasion through down-regu-
lation of Notsh2 in GC cells. These YEATS4
functions, which were partly dependent on the
TP53 mutation status, could be validated by
experiments using TP53 wild sarcoma cells,
U20S and all TP53 null sarcoma cell lines,
Sa0S2. These findings strongly suggested that
YEATS4 has crucial oncogenic roles and func-
tions as a cancer-promoting gene in GC.

A recent fascinating study regarding chemo-
therapy identified that the downregulation of
YEATS4 in colorectal cancer cells presented
oxaliplatin (L-OHP)-induced cell apoptosis by
inhibiting cytoprotective autophagy [28]. Cis-
platin (CDDP) and oxaliplatin (L-OHP) are key
drugs of chemotherapy for locally advanced or
metastatic carcinoma of esophagus, gastro-
esophageal junction or stomach [53, 54].
Therefore, we verified the significance of
YEATS4 for CDDP or L-OHP chemoresistance in
GC. As a result, knockdown of YEATS4 was
strongly associated with chemosensitivity for
CDDP and L-OHP in the TP53 wild NUGC4
cells, whereas, weakly in the TP53 mutant
HGC27 cells. Therefore, these findings suggest-
ed that YEATS4 may be a key molecule for pre-
dicting chemoresistance and improving chemo-
sensitivity of CDDP and L-OHP in prospective
GC patients with overexpression of YEATSA4.
The detailed analyses are currently being
evaluated.

In conclusion, we believe that this is the first
report to show that YEATS4 has a crucial onco-
genic role and is a potential therapeutic target
in GC. We demonstrated the frequent overex-
pression of YEATS4 protein and its prognostic
value in patients with GC. Although studies of
larger cohorts are needed to validate these
findings before moving to clinical settings, our
results provide evidence that YEATS4 could be
a pivotal molecular marker to determine the
malignant properties of GC cells and a target
for molecular therapy in patients with this
cancer.
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Supplementary Table 1. Clinical and survival data of GC patients

Overexpression of YEATS4 in gastric cancer

. IHC. YETSé'l Gender Years pT pN ly p Stage Location Histology Tu!”nor Qverallsur— Degd Recurrence—free Recurrence
intensity expression old TNM TNM TNM size vival (days) or Alive survival (days)
1 0 Low M 50 T1 0O 10 | L Un-differentiated <6 mm 2000 Alive 2000 Absent
2 3 High M 62 T1 0O 0O | u Differentiated =6 mm 1892 Alive 2000 Absent
3 2 High F 2r T4 3 32 I M Un-differentiated =6 mm 186 Dead 148 Present
4 3 High M 63 T3 3 21 I U Un-differentiated >6 mm 285 Dead 180 Present
5 0 Low M 60 T2 0O 10 | M Differentiated <6 mm 2000 Alive 2000 Absent
6 0 Low M 62 T1 0O 0O | M Differentiated <6 mm 103 Alive 2000 Absent
7 1 Low M 8 T1 0O 0O | L Differentiated <6 mm 44 Alive 2000 Absent
8 0 Low M 51 T1 0O 0O | M Differentiated <6 mm 2000 Alive 2000 Absent
9 0 Low M 55 T1 1 00 | L Un-differentiated <6 mm 16 Alive 2000 Absent
10 1 Low M 53 T1 0O 0O | L Un-differentiated <6 mm 2000 Alive 2000 Absent
11 0 Low M 7% T4 3 33 I U Un-differentiated =6 mm 201 Dead 73 Present
12 1 Low M 7% T1 0O 0O | L Un-differentiated < 6 mm 2000 Alive 2000 Absent
13 0 Low M 68 T1 0 11 | M Un-differentiated < 6 mm 2000 Alive 2000 Absent
14 0 Low M 54 T1 0O 0O | M Un-differentiated < 6 mm 2000 Alive 2000 Absent
15 1 Low F 71 T2 0O 02 | L Differentiated >6 mm 2000 Alive 2000 Absent
16 1 Low M 54 T1 0O 01 | M Un-differentiated <6 mm 1791 Alive 2000 Absent
17 0 Low M 60 T2 1 10 I M Un-differentiated <6 mm 33 Alive 2000 Absent
18 0 Low M 74 T1 0O 0O | M Un-differentiated <6 mm 2000 Alive 2000 Absent
19 0 Low F 62 T4 3 20 I L Differentiated <6 mm 550 Dead 272 Present
20 2 High F 7% T4 3 20 I M Un-differentiated >6 mm 632 Dead 499 Present
21 0 Low M 64 T4 1 00 I M Differentiated <6 mm 2000 Alive 2000 Absent
22 0 Low F 82 T3 1 21 Il L Un-differentiated =6 mm 391 Dead 199 Present
23 1 Low M 61 T2 0O 10 | U Un-differentiated <6 mm 2000 Alive 2000 Absent
24 0 Low M 65 T1 0O 0O | M Un-differentiated <6 mm 2000 Alive 2000 Absent
25 0 Low F 79 T1 0O 0O | L Un-differentiated <6 mm 2000 Alive 2000 Absent
26 1 Low M %6 T4 1 11 M L Differentiated >6 mm 2000 Alive 2000 Absent
27 0 Low F 39 T4 2 10 1} L Un-differentiated >6 mm 2000 Alive 2000 Absent
28 0 Low F 57 T2 3 31 1 M Differentiated <6 mm 2000 Alive 2000 Absent
29 0 Low F 63 T1 0O 0O | M Un-differentiated < 6 mm 2000 Alive 2000 Absent
30 0 Low F 62 T1 0O 0O | M Un-differentiated =6 mm 2000 Alive 2000 Absent
31 0 Low M 55 T3 1 12 Il M Un-differentiated =6 mm 2000 Dead 2000 Absent
32 2 High M 55 T3 3 20 1} u Differentiated =6 mm 994 Dead 721 Present
33 0 Low F 64 T1 0O 0O I M Un-differentiated <6 mm 2000 Alive 2000 Absent
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70 0 Low F 67 T1 0O 0O | L Un-differentiated < 6 mm 2000 Alive 2000 Absent
71 0 Low F 61 T1 0O 10 | L Un-differentiated < 6 mm 2000 Alive 2000 Absent
72 0 Low M 58 T2 1 0O Il M Un-differentiated < 6 mm 2000 Alive 2000 Absent
73 0 Low M 78 T1 0O 00O | M Differentiated <6 mm 2000 Alive 2000 Absent
74 1 Low F 39 T3 1 20 Il L Un-differentiated >6 mm 2000 Alive 2000 Absent
75 1 Low M 50 T1 0O 0O | L Un-differentiated < 6 mm 2000 Alive 2000 Absent
76 0 Low F 69 T1 0O 0O | M Un-differentiated < 6 mm 402 Alive 2000 Absent
77 1 Low F 52 T1 0O 00 | M Un-differentiated <6 mm 2000 Alive 2000 Absent
78 2 High M 57 T1 0O 0O | M Differentiated <6 mm 375 Alive 2000 Absent
79 2 High M 53 T4 3 20 1 L Un-differentiated =6 mm 929 Dead 67 Present
80 2 High M 70 T2 2 10 Il M Differentiated <6 mm 2000 Alive 2000 Absent
81 1 Low M 57 T1 0O 11 | M Differentiated =6 mm 2000 Alive 2000 Absent
82 0 Low M 52 T1 0O 10 | u Un-differentiated < 6 mm 2000 Alive 2000 Absent
83 2 High M 52 T4 1 21 1 M Un-differentiated < 6 mm 2000 Alive 2000 Absent
84 0 Low M 61 T1 0O 0O | M Un-differentiated < 6 mm 2000 Alive 2000 Absent
85 2 High M 73 T1 0O 0O | M Differentiated <6 mm 2000 Alive 2000 Absent
86 0 Low M 53 T1 0O 0O | M Differentiated <6 mm 283 Alive 2000 Absent
87 1 Low F 60 T3 0O 11 Il M Un-differentiated <6 mm 2000 Alive 2000 Absent
88 0 Low F 56 T1 0O 00O | M Differentiated <6 mm 2000 Alive 2000 Absent
89 0 Low F 67 T1 0O 00O | L Differentiated <6 mm 2000 Alive 2000 Absent
90 0 Low M 56 T1 0O 0O | M Differentiated <6 mm 2000 Alive 2000 Absent
91 2 High M 59 T1 0O 0O | M Differentiated <6 mm 2000 Alive 2000 Absent
92 0 Low M 51 T4 3 11 1 u Differentiated <6 mm 1517 Dead 39 Present
93 0 Low F 49 T1 0O 0O | M Un-differentiated < 6 mm 2000 Alive 2000 Absent
94 0 Low M 64 T4 2 20 1 L Differentiated =6 mm 461 Dead 199 Present
95 1 Low M 63 T1 0O 21 I M Differentiated <6 mm 1656 Dead 2000 Absent
96 2 High M 51 T4 3 21 1 L Un-differentiated >6 mm 322 Dead 146 Present
97 0 Low F 61 T1 0O 0O | M Un-differentiated < 6 mm 2000 Alive 2000 Absent
98 1 Low M 70 T1 0O 00O | M Differentiated <6 mm 2000 Alive 2000 Absent
99 0 Low M 28 T4 2 22 1 u Differentiated <6 mm 1349 Dead 727 Present
100 2 High M 51 T4 2 10 1 M Un-differentiated < 6 mm 2000 Alive 2000 Absent
101 1 Low M 70 T1 0O 10 | L Differentiated <6 mm 2000 Alive 2000 Absent
102 0 Low M 57 T1 0O 0O 1 L Differentiated <6 mm 2000 Alive 2000 Absent
103 0 Low F 76 T3 3 21 1 L Un-differentiated >6 mm 24 Alive 2000 Absent
104 1 Low M 61 T4 1 20 1 M Un-differentiated >6 mm 2000 Alive 2000 Absent
105 1 Low M 64 T1 0O 00O | L Differentiated <6 mm 2000 Alive 2000 Absent
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106 2 High M 71 T3 2 32 1 U Differentiated <6 mm 2000 Alive 2000 Absent
107 0 Low M 66 T4 3 20 I L Differentiated >6 mm 990 Alive 2000 Absent
108 0 Low F 67 T1 0O 0O | M Un-differentiated < 6 mm 1819 Alive 2000 Absent
109 2 High M 71 T1 0O 0O | U Differentiated <6 mm 2000 Alive 2000 Absent
110 1 Low M 62 T1 0O 0O | L Differentiated <6 mm 2000 Alive 2000 Absent
111 0 Low M 59 T3 1 20 Il M Un-differentiated <6 mm 238 Dead 238 Present
112 0 Low M 74 T3 2 00 I U Un-differentiated <6 mm 1008 Dead 828 Present
113 1 Low F 59 T1 0O 0O | u Differentiated <6 mm 2000 Alive 2000 Absent
114 2 High M 75  T1 0O 0O | M Differentiated <6 mm 58 Alive 2000 Absent
115 0 Low F 75 T1 0O 10 | M Un-differentiated < 6 mm 2000 Alive 2000 Absent
116 0 Low M 74 T1 0O 10 | L Differentiated <6 mm 38 Alive 2000 Absent
117 1 Low M 7% T4 1 12 1 M Differentiated =6 mm 2000 Alive 2000 Absent
118 0 Low F 67 T4 0O 10 1 M Un-differentiated =6 mm 241 Alive 2000 Absent
119 0 Low M 88 T1 0O 0O I M Differentiated <6 mm 1926 Alive 2000 Absent
120 0 Low F 44 T1 0O 0O I M Un-differentiated < 6 mm 2000 Alive 2000 Absent
121 0 Low M 89 T4 0O 01 I L Differentiated <6 mm 597 Dead 284 Present
122 0 Low M 58 T1 0O 0O I M Differentiated <6 mm 2000 Alive 2000 Absent
123 0 Low M 70 T2 0O 13 I M Differentiated <6 mm 2000 Alive 2000 Absent
124 1 Low M 55 T1 0O 0O | M Differentiated <6 mm 80 Alive 2000 Absent
125 0 Low M 64 T1 0o 12 | L Differentiated <6 mm 2000 Alive 2000 Absent
126 2 High M 69 T4 3 30 1 M Differentiated >6 mm 1685 Dead 687 Present
127 2 High M 86 T3 1 12 Il U Differentiated >6 mm 578 Dead 517 Present
128 0 Low M 58 T2 0O 10 | M Un-differentiated <6 mm 2000 Alive 2000 Absent
129 1 Low M 62 T2 0O 0O | u Differentiated >6 mm 102 Alive 2000 Absent
130 2 High M 74 T3 3 22 1 U Differentiated =6 mm 154 Dead 115 Present
131 1 Low M 39 T3 1 10 Il L Un-differentiated < 6 mm 1111 Alive 2000 Absent
132 1 Low M 73 T2 0O 0O | M Differentiated <6 mm 2000 Alive 2000 Absent
133 0 Low M 80 T4 3 12 1 L Un-differentiated >6 mm 589 Dead 317 Present
134 0 Low M 7% 11 0O 0O | L Un-differentiated < 6 mm 405 Alive 2000 Absent
135 2 High M 79 T2 3 32 I L Differentiated <6 mm 722 Dead 668 Present




