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Serum WT1-271 IgM antibody as a novel
diagnostic marker for Gastric Cancer
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Abstract. The Wilms tumor 1 gene, WT1, is overexpressed in
various types of cancer, including gastric cancer. The product
of WTI is highly immunogenic and is a promising target
molecule for cancer immunotherapy. The current study aimed
to examine the production of WT1-specific IgG and IgM auto-
antibodies to identify biomarkers of diagnostic value in patients
with gastric cancer. IgG antibodies that bind to WT1-derived
peptides were obtained, the serum levels of which correlate
with those of IgG antibodies against the WT1 protein in patients
with intestinal malignancies. The serum levels of IgG and
IgM antibodies against the WT1-271 peptide (271-288 amino
acids) were examined in 39 healthy individuals and 97 patients
with gastric cancer. The positivity cutoff value was determined
according to the receiver operating characteristic curve. The
association between WT1-271 IgM and the clinicopathological
factors and prognosis of patients was additionally analyzed. The
results revealed that serum WT1-271 IgM antibody levels in
patients with gastric cancer were significantly higher than those
in healthy individuals. The sensitivity and specificity of this
antibody for gastric cancer were 67.0 and 71.8%, respectively;
this sensitivity was improved when compared with conventional
tumor markers (P<0.001). There was no statistical difference
in WT1-271 IgG antibody levels between patients with gastric
cancer and healthy individuals. Serum WT1-271 IgM antibody
levels were not significantly associated with clinicopathological
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factors but were associated with unfavorable prognosis. Serum
WTI1-271 IgM antibody levels could serve as a diagnostic
biomarker in patients with gastric cancer.

Introduction

A non-negligible number of patients are diagnosed in the
advanced stages of gastric cancer despite advances in mass
screening methods for this malignanacy. Therefore, novel
biomarkers for the early detection of gastric cancer are urgently
required to improve clinical outcomes. Serum autoantibodies
against tumor-associated antigens (TAAs) have been report-
edly found in patients with gastric cancer, including P53 (1),
Mucl (2), c-myc (3), and Survivin (4). Moreover, autoantibodies
could be detected in the early stages of cancers (5,6). Because
of their easy accessibility and stability, autoantibodies against
TAAs could serve as novel screening biomarkers.

WTI was originally isolated as a tumor suppressor gene
responsible for Wilms' tumor, a kidney neoplasm of the child-
hood, (7). This gene is overexpressed in various types of
cancers such as leukemia (8), lung (9), colorectal (10), gastric
cancer (11), and glioblastoma (12). Furthermore, its gene
product is highly immunogenic (13) and proves to be a prom-
ising target molecule for cancer immunotherapy (14-17). We
found that IgM and IgG antibodies against WT1 whole protein
are produced in patients with hematopoietic malignancies and
lung cancer (17-19). The dominant subtypes of WT1 IgG anti-
body were the Thl type IgGl and IgG3 (18) and its production
requires helper T cells for IgG class switching; therefore, WT1
IgG production indicates the activation of Thl helper T cells
in these patients. We previously reported that the production of
IgG antibody against WT1 whole protein was associated with
prolonged disease-free survival in patients with tumor resected
non-small cell lung cancers (19). In addition, in our therapeutic
cancer vaccine trial with WT1-235 peptide for patients with
recurrent glioblastoma, combining the production of WT1-235
IgG antibody and positive delayed-type hypersensitivity to the
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WT1-235 peptide was a better prognostic marker for long-term
overall survival than either parameter alone (20). Associating
WTI1 IgG production with favorable prognosis supports the
idea that IgG antibody against WT1 epitope or epitopes could
act a biomarker indicating, at least, a part of WT1-specific
antitumor cellular immune responses.

Compared with studies on IgG antibodies, fewer
studies have analyzed the production of IgM antibodies in
tumor-associated antigens. However, [gM antibodies are the
first responders in the humoral immune system and do not
depend on helper T lymphocytes for their production (21).
Furthermore, the IgM receptor FcuR is also expressed on T
and NK cells in addition to B cells in humans (22), and IgM
itself may be involved in the regulation of cellular immune
responses. Therefore, IgM antibodies against TAAs could
be a biomarker that can indicate the antigen-specific tumor
recognition of the host immune system in patients with cancer.

In the present study, we explored WT1 epitopes to iden-
tify highly antigenic epitopes in WT1 protein and identified
an 18 a.a.-long WT1-271 epitope. We examined the serum
positivity of WT1-271 IgG and IgM antibodies and further
analyzed the association between the production of WT1-271
IgG and IgM antibodies with clinicopathological character and
prognosis in 98 patients with surgically treated gastric cancer.
The positivity of serum WT1-271 IgM antibody was compared
with that of conventional gastric cancer tumor markers CEA
and CA19-9.

Materials and methods

Collection of serum samples. This study was approved
by the Ethics Committee of the Toho University Omori
hospital (no. A19033) and Osaka University Hospital Ethical
Committee (#13110-10). We collected. a total of 97 serum
samples from patients with gastric cancer who provided a
written informed consent. All patients underwent radical
surgery between January 2014 and July 2017, with 58 cases of
distal gastrectomy, 5 of proximal gastrectomy, and 35 cases of
total gastrectomy, at the Toho University Omori Hospital. All
patients did not undergo neoadjuvant chemotherapy. The path-
ological stage of each patient as per the Japanese Classification
of Gastric Carcinoma (23) was as follows: 52 cases with
stage I, 19 with stage II, 17 with stage I1I, and 9 with stage I'V.
All patients were followed up until December 2019 or death.
We examined the clinicopathological features and prognosis
of gastric cancer in each patient.

Peptides. We focused on IgG, which, at 21 days, has the longest
half-life among all the isotypes of WT1 antibody. The produc-
tion of IgG antibody against each WT1 peptide was analyzed
against the WT1 peptide library. Next, we searched for WT1
peptide IgG antibodies that may correlate with the WT1 whole
protein IgG levels. Thereafter, we analyzed the WT1 peptide
antibodies that may correlate with tumor WT1 expression levels.

WT1 antigen epitopes were explored from the 18 mer-length
WT1 overlapping peptide library to establish a simple
enzyme-linked immunosorbent assay (ELISA) system using
a WTI peptide as a capture antigen and a tool for analyzing
humoral immune responses to WT1. Notably, an 18 mer-length
WTI1 overlapping peptide library covering the whole

WTI protein was synthesized at PH Japan Co. Ltd. (Hiroshima,
Japan) with a purity of >75%. The amino acid sequence of the
WT1-271 peptide was YESDNHTTPILCGAQYRI.

ELISA.ELISA was performed as previously reported (20) with
minor modifications. The peptides (0.2 pug/well) were cova-
lently linked to a 96-well plate using the Peptide Coating kit
(Takara, Shiga, Japan) as per the manufacturer's instructions.
Plates were blocked using Blocking One (Nacalai Tesque,
Kyoto, Japan) that had been diluted with distilled water (1:5)
for 2 h at room temperature and washed with 0.05% TBST.
The sera were diluted at 1:100 using the blocking buffer of
the Peptide Coating kit. Then, 100 ul diluted sera was added
to each well and incubated overnight at 4°C. After washing
with Tris-buffered saline containing Tween-20 (TBST),
horseradish peroxidase (HRP)-conjugated rabbit anti-human
IgG (cat. no. 309-035-003; Jackson ImmunoResearch Europe,
Ltd.) or HRP-conjugated goat anti-human IgM antibody
(cat. no. A80-100P; Bethyl Laboratories, Inc.), diluted at
1:2,000 in TBST, was added to each well and incubated at
room temperature for 2 h. After washing with TBST, the corre-
sponding third antibody, HRP-conjugated goat anti-rabbit IgG
(cat. no. ab6721; Abcam) or HRP-conjugated rabbit anti-goat
IgG antibody (cat. no. 546; MBL International Co.), diluted
to 1:5,000 in TBST, was added to each well and incubated
at room temperature for 2 h. Bound WT1 epitope-specific
IgG or IgM antibodies were colorimetrically detected using
the 3,3',5,5'-tetramethylbenzidine substrate (KPL, Inc.).
Absorbance was measured at 450 nm using a microplate reader
(MULTISKAN FC; Thermo Fisher Scientific, Inc.).

Statistical analyses. Mann-Whitney U test or
Chi-squared test was used to compare the unpaired groups.
Fisher's exact test was used to evaluate the differences
in the distribution of two variables. Kruskal-Wallis test
(Mann-Whitney U test with applied Bonferroni's correc-
tion) was used to examine the corresponding differences
among three variables. Logistic regression analysis was
used to analyze the clinicopathological data to evaluate
the association with serum WTI antibody levels. Survival
curves were calculated using the Kaplan-Meier method and
compared using the log-rank test. Significant predictors
were assessed using Cox proportional hazards model with
multivariate analysis. EZR software (version 1.41) was used
for all data analyses (24). P<0.05 was considered to indicate
a statistically significant difference.

Results

Identification of an antigenic epitope WTI-271. First, we
searched for IgG antibodies that bind to WTI-derived
peptides (WT1 peptide IgG antibodies) whose serum levels
correlated with the serum WT1 protein IgG levels in patients
with intestinal malignancies. For this purpose, we used four
sera samples with high levels of WT1 protein IgG and two
samples with low levels of WT1 protein IgG. Of the seven
IgG antibodies that bound to their corresponding WT1
peptide that were identified, WT1-271 peptide (271-288 a.a.)
IgG antibody was identified as a WT1 peptide IgG anti-
body whose serum levels may correlate with WT1 mRNA
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Figure 1. Identification of Wilms tumor 1-271 antibody. Serum WT1 peptide IgG antibody levels were measured by ELISA using an 18-mer length WT1
peptide. Representative results for three WT1 peptide antibodies are presented. (A) Serum WT1 peptide IgG antibody levels in patients with intestinal malig-
nancies with high (n=4) and low (n=2) WT1 protein IgG levels. (B) Serum WT1 peptide IgG antibody levels in patients with hematological malignancies with
high (n=3) and low or undetectable (n=2) WT1 mRNA levels in peripheral blood. Ab, antibody.

expression levels in peripheral blood using serum samples
taken from five patients with hematological malignancies
(Fig. 1). These results may indicate the potential of using
WTI1-271 IgM antibody levels as a detection marker for
gastric cancer (Fig. 1).

Increased production of WT1-271 IgM antibodies in patients
with gastric cancer. Production of IgM and IgG antibodies
against WT1-271 epitope was investigated in 39 healthy
individuals and 97 patients with gastric cancer to analyze
immune recognition of the WT1 antigen by the host immune
system. The median (range) antibody levels of WT1-271 IgM
were 0.105 (-0.079 to 0.896) for healthy individuals and 0.195
(-0.477 to 1.373) for patients with gastric cancer, whereas those
for IgG were 0.028 (-0.093 to 0.114) for healthy individuals
and 0.029 (-0.112 to 0.260) for patients with gastric cancer.
WTI1-271 IgM levels in patients with gastric cancer were
significantly higher than those in healthy individuals as per
the Mann-Whitney U test results (Fig. 2).

We performed a receiver operating characteristic (ROC)
curve analysis to evaluate the sensitivity and specificity of
healthy individuals and patients with gastric cancer (Fig. 3),
and the results revealed that the area under the curve (AUC)
value was <0.6 for WT1-271 IgG but >0.6 for WT1-271
IgM antibodies (Fig. 3A,B). When the cutoff value for IgM
was considered as 0.140, the sensitivity and specificity of

serum WTI antibody for patients with gastric cancer were
67.0 and 71.8%, respectively. Next, we created a 2x2 contin-
gency table for patients with gastric cancer and healthy
individuals to present statistical evaluation. The positive
predictive value was 85.5% and negative predictive value
was 46.7% (Table I).

Association between serum WTI-271 IgM and IgG antibody
levels with clinical stages. We focused on the pathological
characteristics of 97 surgical cases of patients with gastric
cancer and examined their stages (23). Stages A and IB
were integrated as I; stages IIA and IIB were integrated as
IT; and stages IITA, IIIB, and IIIC were integrated as III.
The mean + standard deviation serum WT1 IgM antibody
levels for stages I (n=52), II (n=19), III (n=17), and IV (n=9)
were 0.327 + 0.397, 0.178 + 0.275, 0.309 + 0.366, and 0.353
+ 0.308, respectively (Fig. 4). WT1 IgG antibody levels for
stages I, II, III, and IV were 0.037 + 0.053, 0.020 + 0.035,
0.049 + 0.057, and 0.035 + 0.029, respectively. Based on the
Kruskal-Wallis test results, there was no significant associa-
tion between the clinical stage and WT1-271 antibody levels.
In terms of the pathological type, 57 cases were differenti-
ated and 40 cases were poorly differentiated. Recurrence or
liver, lymphatic node, bone and peritoneal metastases were
observed in 19 patients. The remaining 78 patients showed no
recurrence or metastasis.
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Figure 2. Comparison of serum WT1 antibody levels between healthy donors and patients with gastric cancer. s-Wilms tumor 1-271 antibody levels in healthy
donors and patients with gastric cancer of (A) IgM and (B) IgG examined by ELISA. The bars and dots represent median and range of antibody level from
minimum to maximum. P-values were determined using the Mann-Whitney U test. Ab, antibody.
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Figure 3. ROC curve of healthy donors and patients with gastric cancer. ROC curve analysis of (A) IgM and (B) IgG was performed to evaluate the sensitivity
and specificity of healthy donors and patients with gastric cancer. Black dots in the figure represent the position where the sensitivity and specificity were
highest. AUC, area under the curve; CI, confidence interval; ROC, receiver operating characteristic.

Association between serum WTI-271 IgM antibody levels
and clinicopathological factors. We examined the associa-
tion of WT1-271 IgM levels with clinicopathological factors
using Fisher's exact probability test and logistic regression
analysis using the cutoff level as 0.140 for the elevation of
serum IgM level. According to the univariate analysis results,
no significant difference was found in terms of gender, age,
tumor depth (T1 vs. T2-4), lymph node (LN) metastasis and
white blood cell counts, and CEA and CA19-9 levels (Table II,
left panel). However, logistic regression analysis revealed
that WT1-271 IgM positivity was significantly associated
with earlier T stage (T1 vs. T2-4; P=0.049) but tended to

be associated with advanced N stage (NO vs. N1; P=0.125)
(Table II, right panel). Table IIT shows WT1-271 IgM positive
rates in combination to the T and N stages. In both T1 and
T2-4 stages, the WT1-271 IgM positive rate was higher in
N1 stage than in NO.

Association between serum WTI-271 IgM antibody levels
and overall survival. Using the log-rank test, we investigated
the association between serum WTI1-271 IgM levels and
clinical outcome in patients with gastric cancer. Based on the
cutoff level of 0.140, we compared the overall survival and
progression-free survival between the two groups of patients
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Table I. Correlation between WT1-271 IgM antibody positive
and negative cases in healthy donors and patients with gastric
cancer.

Correlation  Gastric cancer  Healthy donor  Total cases
Positive 65 11 76
Negative 32 28 60

The sensitivity, specificity, positive predictive value and negative
predictive value were 67.0, 71.8, 85.5 and 46.7%, respectively. The
Cutoff level was defined at 0.140.

with high and low WT1-271 IgM levels. At 60 months after
surgery, the P-values for overall survival and progression-free
survival were 0.835 and 0.491. However, similar to overall
survival, progression-free survival tended to be shorter in the
high WT1-271 IgM group for up to 57 months. No significant
difference was found between the two groups (Fig. 5A,B).
However, analysis at 6 months after surgical resection
revealed that although the difference was not significant, the
immunological status represented by higher serum WT1-271
IgM levels might have an unfavorable impact on the clinical
outcome (Fig. S1).

Univariate analysis revealed that tumor depth, LN
metastasis, and CEA and CA19-9 levels indicated signifi-
cantly worse overall survival on the log-rank test. However,
WTI1-271 IgM levels was not significantly associated with
overall survival of patients with gastric cancer (Table IV, left
panel).

Multivariate analysis indicated that tumor, depth, and CEA
levels were independent prognostic factors in the Cox propor-
tional hazard model. However, no significant association was
found between serum WT1 IgM levels and overall survival in
patients with gastric cancer (Table IV, right panel).

WTI-271 IgM antibody levels as a detection marker for gastric
cancer. We compared the detection ability of WT1-271 IgM
antibodies for gastric cancer with that of the currently avail-
able tumor markers CEA and CA19-9 (Table V). In patients
with gastric cancer, positive rates of CEA and CA19-9 were
9.3 and 11.3%, respectively. Using chi-squared test WT1-271
IgM antibodies showed a distinctively higher positive rate
of 67.0% in patients with gastric cancer (P<0.001). Of the
52 patients with clinical stage I disease, WT1-271 IgM anti-
body was detected in 35 patients (67.3%), whereas either CEA
or CA19-9 was detected in only 1 by one (1.9%) (Table V).
Even in stage II, III and IV, higher positive rate was shown
in WT1-271 IgM antibodies (66.7%) than CEA (17.8%)
or CA19-9 (22.2%). These results may show the potential
of WT1-271 IgM antibody levels as a detection marker for
gastric cancer.

Discussion
In this study, we identified WT1-271, a 271-288-a.a. long WT1

sequence, as an antigenic epitope for antibody production and
determined that, compared with healthy individuals, patients

with gastric cancer produced significantly higher levels of
WT1-271 IgM but not IgG antibodies. A cutoff level of 0.14
was determined for positive serum WT1-271 IgM antibodies
based on the ROC analysis with an AUC of 0.6. According to
this cutoff level, 67% of the patients with gastric cancer were
scored as positive for WT1-271 IgM antibodies. Autoantibodies
corresponded to an efficient biological amplification of the
antigens in tumors and are secreted in the serum before the
antigens can be detected (25). In contrast to the high positive
rate of WT1-271 IgM antibodies, currently available gastric
cancer tumor markers CEA and CA19-9 were positive in only
9.3 and 11.3% of the patients, respectively, in this study. This
higher positivity of WT1-271 IgM antibodies is more evident
in patients in clinical stage I of the disease. CEA or CA19-9
was detected in only 1.9% of the patients, whereas WT1-271
IgM antibody was detected in 67.3%. Early detection is one of
the most promising approaches to improve clinical outcomes
for patients with cancer. Considerable efforts have been made
to develop more sensitive and specific tests to detect cancer
with different combinations of autoantibodies (6,26-28).
Because of its high sensitivity to early gastric cancers, serum
WTI1-271 IgM antibody may be used as a detection marker in
the screening of gastric cancer in combination with autoanti-
bodies, especially in the early stages.

Two-thirds of the patients with gastric cancer were positive
for WT1-271 IgM antibody for the cutoff level determined by
the ROC analysis. Two reasons can explain this high positivity
of WT1-271 IgM antibody in patients with gastric cancer.
First, this can be explained by the high frequency of WT1
overexpression in gastric cancer tumors as reported in our
previous immunohistochemical study, which indicated that
tumor cells overexpressed WT1 protein in 42.0% of patients
with gastric cancer. Moreover, WT1 overexpression was more
frequent (65.2%) in well- or moderately-differentiated gastric
adenocarcinoma (11). Most patients included in the study had
well- or moderately-differentiated adenocarcinomas, and
thus, the majority of tumors overexpressed the WT1 protein.
Second, the high positivity of the WT1-271 IgM antibody can
be due to its T cell-independent production. In B-cell differ-
entiation, the Ig-constant regions can be changed from IgM to
other Ig isotypes through class-switch recombination. Because
the class-switch into IgG is dependent on helper T cells, insuf-
ficient helper T-cell function may impair IgG production. In
contrast, [gM antibodies are produced independently of helper
T cells (21).

The immune system recognizes nonself in the body, and
its components (immune cells and humoral factors) respond
in an orchestrated manner. Production of IgM and IgG anti-
bodies against the WT1-271 epitope may reflect the immune
recognition and responses to the tumor-associated antigen
WTI in patients with gastric cancer. A significant increase in
WTI1-271 IgM in patients with gastric cancer compared with
healthy individuals represents the recognition of the WT1-271
antigen by the immune system of the patient. In this study, the
elevated serum WT1-271 IgM levels indicated two aspects of
WTI1 immune recognition in patients with gastric cancer. First,
serum WT1 271 IgM level was increased in patients with TINO
gastric cancer wherein the tumor remained within the gastric
submucosal layer without LN metastasis. This B cell response
in the very early stage of gastric cancer may support the
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Table II. Comparison of serum wilms tumor 1 IgM levels according to the clinicopathological characteristics of the patients with

gastric cancer.

Fisher's exact probability test

Logistic regression analysis

Variables 271-IgM level <0.140  271-IgM level 20.140  P-value = Odds ratio 95% CI P-value
Sex >0.999
Male 24 47
Female 8 18
Age 0.329
>65 21 50
<65 11 15
Tumor depth 0.518 2.994 0.112-0.997 0.049
T2-T4 18 31
T1 14 34
Lymph node metastasis 0.370 2.500 0.775-8.100 0.125
NI 9 25
NO 23 40
WBC (/ul) >0.999
>8,000 4 9
<8,000 28 56
CEA (ng/ml) 0472
>50 4 5
<50 28 60
CA19-9 (U/ml) 0.095 6.520 0.752-56.60 0.089
>37.0 10
<370 31 55

CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CI, confidence interval; NO, no lymph node metastasis; N1, lymph node
metastasis exists; WBC, white blood cell.

A B
e P=0.529 ® P=0.227
: 0 0.2
1.0
2 _ 2 :
D 1 0] | _
= 0.1 : o
5 05- L : —
5 — z
= o .
N - : |
E — E 0.0 I_,—_l —_— —
0.0 1 H
05 L o —0.11 R
e T T T T T T T T
Stage | Stage Il Stage Il Stage IV Stage | Stage Il Stage Il Stage IV
(n=52) (n=19) (n=17) (n=9) (n=52) (n=19) (n=17) (n=9)

Figure 4. Comparison of serum Wilms tumor 1 antibody levels according to each stage of Japanese Gastric Cancer Association Japanese classification of
gastric carcinoma. WT1-271 antibody levels of (A) IgM and (B) IgG were divided into each stage of gastric cancer. Box plot represents 25, 50 and 75 percen-
tiles. The upper and lower horizontal lines or dots represent the limits. There was no statistically significant difference between stages, as determined using
the Kruskal-Wallis test. Ab, antibody.

concept of immune surveillance, which proposes eliminating
cancer cells in the early stages of cancer development (29,30).

Second, in T1 and T2-4 stages, the WT1-271 IgM positive rate
in the N1 stage was higher than that in the NO. Reportedly,
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Table III. Wilms tumor 1-271 IgM positive rates in a combination of pathological T and N stages.

Pathological stage Negative Positive Total Positive rate (%)
T1NO 14 31 45 68.9
TIN1 0 3 3 100.0
T2-4NO 9 9 18 500
T2-4N1 9 22 31 710

NO, no lymph node metastasis; N1, lymph node metastasis exists; T1, Tumor confined to the mucosa or submucosa; T2-4, Tumor invades
deeper than T1. The cutoff level was defined at 0.140 and the positive rate represents the number of positive cases/total cases x 100 (%).
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draining LNs are active sites for B- and T-cell responses in
early-stage breast cancers. McDaniel er al (31) reported that
draining LNs are a rich source of tumor-reactive B cells. In
addition, Gillmore et al (32) found WT1-specific CD8 CTLs in
the draining LNs in stage I/II breast cancer. These findings
for breast cancer allow us to consider that the draining LNs
of gastric cancer are active sites of WT1-specific immune
responses, and metastasis of WT1-expressing tumor cells to
the draining LNs could have triggered WT1-271 IgM produc-
tion.

In the present study, we identified the WT1-271
IgG antibody as whose serum level correlated with
serum WTI protein IgG levels in patients with intestinal
malignancies. It may be associated with WT1 mRNA
expression levels in the peripheral blood of patients with
hematological malignancies. These indicate that the
WT1-271 antibodies are produced in response to an anti-
genic overload of WT1 antigens from tumors. Although
serum WTI1-271 IgM levels were elevated in most patients
with gastric cancer, WT1-271 IgG levels were low and did
not significantly differ from those in healthy individuals.
These results indicate a lack of robust WT1-specific Th help

in the patients (20). This is supported by the findings of
the present study that high serum WT1-271 IgM levels is
associated with unfavorable overall survival 6 months
after the surgical resection (Fig. S1), although this was not
statistically significant. Similar to overall survival, progres-
sion-free survival tended to be shorter in the high-WT1-271
IgM group for up to 57 months. Future studies are required
to examine whether WT1-271 IgM antibody could help
predict the prognosis of patients with gastric cancer.

Recently, several studies (33-36) have reported the
involvement of B cells in cellular immunity as well as
humoral immunity. B cells may play protumorigenic roles
through the secretion of immunosuppressive cytokines, such
as IL-10 (33,34) and TGF-f (35). However, B cells may also
have antitumorigenic functions through IFN-vy secretion to
enhance tumor killing by NK cells and CTLs (34,36) and
even kill tumor cells directly via the Fas-FasL system (35).
A possible association between WT1-271 IgM antibody and
the unfavorable clinical outcome could partly be a result of
the pro-tumorigenic cellular functions of WT1-271-specific B
cells under the persistent antigenic overload of WT1 in patients
with WT1-expressing gastric cancer.
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Table I'V. Univariate and multivariate analysis of risk factors for the overall survival of patients with gastric cancer.

Multivariate analysis

Variable Univariate analysis P-value® Hazard ratio 95% CI P-value®
Male vs. female 0.158

Age >65 vs. <65 years 0.068

Tumor depth T1 vs. T2-4 <0.001 4.945 1.776-13.770 0.002
Lymph node metastasis N-vs. N+ <0.001

WBC (/ul) >8,000 vs. <8,000 0.073

CEA (ng/ml) >5.0 vs.<5.0 <0.001 4713 1.664-13.350 0.004
CA19-9 (U/ml) >37 vs. <37 0.007

WT1 IgM =0.140 vs. <0.140 0.835 1.700 0.672-4.299 0.262

P-values were obtained through “Log-rank and "cox proportional hazard model tests. CA19-9, carbohydrate antigen 19-9; CEA, carcinoembry-
onic antigen; CI, confidence interval; N-, no lymph node metastasis; N+, lymph node metastasis exists; WBC, white blood cell. WT1, wilms

tumor 1.

Table V. Relationship of WT1-271 IgM antibody positivity and each tumor marker according to gastric cancer stage.

Marker Stage I (n=52), n (%) Stage II, IIT and IV (n=45), n (%) All stages (n=97),n (%)
IgM
Negative 17 (32.7) 15 (33.3) 32 (33.0)
Positive 35 (67.3) 30 (66.7) 65 (67.0)
CEA
Negative 51 (98.1) 37 (82.2) 88 (90.7)
Positive 1(1.9) 8 (17.8) 9(9.3)
CA19-9
Negative 51 (98.1) 35 (77.8) 86 (88.7)
Positive 1(1.9) 10 (22.2) 11 (11.3)
All negative 17 (32.7) 11 (24.4) 28 (25.9)

IgM, wilms tumor 1-271 IgM antibody; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen.

One-third of the healthy individuals in this study
were positive for WT1-271 IgM antibodies. One explana-
tion for this is the production of WT1-271 IgM due to
the presence of latent cancer. Autoantibodies against
tumor-associated antigens can appear in the early stages
of cancer development and could be detected months to
years before the onset of clinical symptoms. Another
explanation for the high positive rate of WT1-271 IgM in
healthy individuals is that the WT1-271 IgM antibody is an
IgM natural autoantibody. Researchers have reported that
natural autoantibodies are spontaneously produced and
can exist without antigen stimulation (37-39). Historically,
natural autoantibodies have been primarily associated with
autoimmune diseases (37). However, compelling evidence
indicates that not all natural human autoantibodies are
pathogenic. Future studies are necessary to elucidate the
role of both WT1-271-specific B cells and their producing
WTI1-271 autoantibodies in antitumor immunity of healthy
individuals.

Some limitations of the study is the unknown expression of
WTI1 protein in the tumor cells and the lack of samples from
patients with benign diseases. Future studies are warranted to
demonstrate the diagnostic value of the WT1-271 IgM anti-
body in gastric cancer.

We identified WT1-271, a representative highly
immunogenic epitope, among multiple epitopes in WTI.
Preoperative serum WTI1-271 IgM antibody levels in
patients with gastric cancer were significantly higher than
those in healthy individuals. Although the serum WT1-271
IgM antibody was not associated with clinicopathological
factors, it could be used as a diagnostic biomarker for
gastric cancer.
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