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Abstract

Background Development of high-performance serum biomarkers will likely improve treatment outcomes of patients with
gastric cancer (GC). We previously identified the candidate serum markers, anosmin 1 (ANOS1), dihydropyrimidinase-like
3 (DPYSL3), and melanoma-associated antigen D2 (MAGE-D2) and evaluated their clinical significance through a single-
center retrospective analysis. Here we conducted a prospective multicenter observational study aimed at validating the
diagnostic performance of these potential markers.

Methods We analyzed serum levels before and after surgery of the three potential biomarkers in patients with GC and healthy
volunteers. Quantification of serum and GC tissue levels was performed using an ELISA.

Results Area under the curve (AUC) values that discriminated patients with GC from healthy controls were — 0.7058, 0.6188,
and 0.5031 for ANOS1, DPYSL3, and MAGED?2, respectively. The sensitivity and specificity of the ANOS1 assay were
0.36 and 0.85, respectively. The AUC value of ANOSI that discriminated patients with stage I GC from healthy controls
was 0.7131. Serum ANOSI levels were significantly elevated in patients with stage I GC compared with those of healthy
controls (median 1179 ng/ml and 461 ng/ml, respectively, P <0.0001) and decreased after resection of primary GC lesions
(P <0.0001). The combination of serum ANOS1 and DPYSL3 levels increased the AUC value that discriminated patients
with GC from healthy controls. Serum levels of ANOSI1 did not significantly correlate with those of carcinoembryonic
antigen, carbohydrate antigen 19-9, or other markers of inflammation.

Conclusions Serum levels of ANOS1 may serve as a useful diagnostic tool for managing GC.
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Introduction

Mitsuro Kanda and Yun-Suhk Suh contributed equally to this
work. Gastric cancer (GC) remains the third leading cause

. . . . . of cancer death worldwide with a high mortality rate,
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2]. Sensitive biomarkers are necessary for screening, risk
classification, and monitoring of patients with GC [3, 4].
Detection through serum tumor markers is a noninvasive,
reproducible, and economical diagnostic method that is
widely applied in the clinic [5, 6]. However, conventional
assays for carcinoembryonic antigen (CEA) and carbohy-
drate antigen 19-9 (CA19-9) are not sufficiently sensitive
or specific for accurate diagnosis of GC, and develop-
ment of novel biomarkers is therefore warranted [3, 7].
For example, a high-performance biomarker suitable for
determining the risk of GC may identify individuals who
require further workup. Likewise, a biomarker suitable for
predicting metastatic potential may identify a subpopula-
tion of patients most likely to benefit from adjuvant or
neoadjuvant treatment [8].

Our previous single-center retrospective study to evaluate
biomarkers for GC identified the candidate serum markers
for detection or progression of GC as follows: anosmin 1
(ANOS1), dihydropyrimidinase-like 3 (DPYSL3), and mela-
noma-associated antigen D2 (MAGE-D2) [9-11]. Although
we found correlations between the levels of these markers
and postoperative prognosis, using optimized cutoff val-
ues, their specificities for distinguishing patients with GC
patients from healthy individuals, as well as those with other
malignancies, were not determined. Moreover, we reasoned
that information acquired through longitudinal measure-
ments of serum biomarker levels after a larger multicenter
cohort underwent surgery might establish the usefulness of
these markers.

Accordingly, we designed and conducted a prospective
international multicenter observational study to validate
the diagnostic performance of serum levels of ANOSI,
DPYSL3, and MAGE-D2 for diagnosis and stratification of
disease progression of patients with GC.

Patients and methods
Study design and registration

We conducted a prospective multicenter observational
study. The scientific and ethical validity of the study proto-
col was reviewed and approved by the Institutional Review
Boards of Nagoya University [IRB No: 2015-0348], Seoul
National University Hospital (IRB No: H-1609-056-790),
and Seoul National University Bundang Hospital). Written
informed consent was obtained from all patients before their
enrollment. This study was conducted in accordance with
the Declaration of Helsinki (2008) and registered with the
University Hospital Medical Information Network (UMIN)
Clinical Trial Registry as UMIN000022445 (https://www.
umin.ac.jp/ctr/index.htm).
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Selection of patients with gastric cancer

Patients with GC from three institutions were included if
they met the eligibility criteria as follows: (1) histologi-
cally confirmed primary adenocarcinoma of the stomach (2)
age >?20 years, and (3) no prior treatment. Exclusion criteria
included other malignancies and any condition that made the
patient unsuitable for inclusion in the study at the discretion
of the investigators. Stage classification followed the crite-
ria of the 7th edition of the Union for International Cancer
Control (UICC) [12]. Histological subtypes were categorized
as follows: differentiated (papillary, well differentiated, and
moderately differentiated adenocarcinoma) and undifferenti-
ated (poorly differentiated adenocarcinoma, signet ring cell
carcinoma, and mucinous carcinoma).

Healthy controls

Adults (n=66) who underwent annual medical examinations
(physical examination, blood tests, and chest X-rays) at Nagoya
University Hospital and who were not undergoing treatment
for any disease were registered as the healthy control group.

Sample collection

Serum samples (1 mL) were collected from each patient with
GC within 28 days before surgery and 612 weeks after sur-
gery. One serum sample was collected from each member of
the healthy control group when available. Blood collection
was performed using tubes with serum-separating agents, and
tubes were maintained at 4 °C for at least 30 min. The tubes
were then centrifuged at 3000 rpm for 5 min, and 1 mL of
serum was added to a sample storage tube. Serum samples
were stored at — 80 °C.

ELISA

Serum levels of ANOS1, DPYSL3, and MAGE-D2 were deter-
mined using the ELISA Kkits as follows: ANOS1 ELISA Kit
(CSB-EL011978HU, CUSABIO, Wuhan, China), DPYSL3
ELISA Kit (CSB-EL011790HU, CUSABIO), and MAGE-D2
ELISA Kit (CSB-EL013352HU, CUSABIO), each of which
employed a quantitative sandwich enzyme immunoassay tech-
nique to detect the human homolog of each protein [9-11].
Samples were tested in duplicate according to the manufac-
turer’s protocol, and the mean values are presented.

Analysis of tissue levels of ANOS1, DPYSL3,
and MAGED2

Primary GC tissues were collected from 43 surgically-
resected specimens, immediately frozen in liquid nitrogen,
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and stored at —80 °C. Tissues were homogenized and diluted
according to the manufacturer’s protocol. Serum levels of
ANOSI1, DPYSL3, and MAGED?2 levels were determined
using the ELISA kits described above. All tissue samples
were tested in duplicate, and the mean values are presented.

External validation

For external validation of our previous tissue expression
data for ANOS1, DPYSL3, and MAGED2 mRNAs, we used
an integrated dataset comprising 1065 patients from three
major cancer research centers (Berlin, Bethesda, and Mel-
bourne datasets; https://kmplot.com/analysis/) [13].

Statistical analysis

Qualitative variables were compared between the two
patient groups using the X2 test, and quantitative variables
were compared using the Mann—Whitney test. Goodness-
of-fit was assessed by calculating the area under the curve
(AUC) from receiver operating characteristic (ROC) curve
analysis, and the optimal cutoff value was determined using
the Youden index. A binary logistic regression was calcu-
lated to evaluate predicted probabilities of combinations of
two markers. Correlations between the two variables were
evaluated using Spearman’s rank correlation coefficient. A
paired # test was used to compare serum levels of the markers
before and after surgery. Statistical analyses were performed
using JMP version 13 (SAS Institute, Cary, NC). P <0.05
indicates a significant difference.

Results
Patient selection and backgrounds

A flow chart of the patient selection procedure is presented
in Fig. 1. Between July 2016 and January 2018, 318 patients
with GC were screened at Nagoya University, Seoul National
University Hospital and Seoul National University Bundang
Hospital. Seventeen patients were ineligible. Clinical char-
acteristics of the selected 301 patients with GC are sum-
marized in Table 1. The patient population included 206
men and 95 women (age range, 31-91 years; mean age,
62.8 +12.2 years). Total gastrectomy was performed to treat
49 (16%) patients, and 152 and 149 patients were diagnosed
with undifferentiated or differentiated GC, respectively.
Patients’ UICC disease stages were as follows: I, 225 (74%);
11, 47 (16%); 111, 26 (9%); and 1V, 3 (1%). The latter three
patients were assigned this diagnosis according to positive
peritoneal lavage cytology.

Screening between July 2016 and January 2018
n=318

- Histologically confirmed adenocarcinoma of the stomach
- Aged >20 years

- No other malignancies

- No prior treatment

- Undergoing gastrectomy

Ineligiblen = 17

- Staging laparotomy n =7
- Gastrojejunal bypass n = 2
- Screening failure n = 8

Gastric cancer
n =301

Healthy control
n=66

Subjected to analysis

Fig. 1 Study flowchart

Serum levels of ANOS1, DPYSL3, and MAGE-D2
distinguish patients with GC from healthy controls

ROC curve analysis was performed to evaluate the dis-
criminative ability of each serum marker. The AUC values
used to discriminate patients with GC from healthy controls
(n=66) for ANOS1, DPYSL3, and MAGED2 were 0.7058,
0.6188, and 0.5031, respectively (Fig. 2a). The sensitivities
and specificities were 0.36 and 0.86 for ANOSI, 0.48 and
0.82 for DPYSL3, and 0.28 and 0.92 for MAGED?2 (Fig. 2a).
Among the 301 patients with GC, the correlation coefficients
of serum levels of ANOS1/DPYSL3, DPYSL3/MAGED2,
and MAGED2/ANOS1 were 0.4698, 0.2318, and 0.5095,
respectively, indicating modest correlations between each
pair (Supplemental Fig. 1). When evaluating the capabil-
ity to discriminate patients with stage I GC (n=225) from
healthy controls, the AUC values for ANOS1, DPYSL3, and
MAGED?2 were 0.7131, 0.5948, and 0.5113, respectively
(Supplementary Fig. 2a).
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Table 1 Characteristics of 301 patients who underwent gastrectomy
for gastric cancer

Variables Values
Age (years), mean + standard deviation 62.8+12.2
Sex (male/female) 206/95
Tumor location
Entire 4 (1%)
Upper third 59 (20%)
Middle third 88 (29%)
Lower third 150 (50%)
Tumor size (mm), mean + standard deviation 324 +223
Type of gastrectomy
Total gastrectomy 49 (16%)
Non-total gastrectomy 252 (84%)
Differentiation
Differentiated 149 (49%)
Undifferentiated 152 (51%)
pT factor
pT1 217 (72%)
pT2 32 (11%)
pT3 24 (8%)
pT4 27 (9%)
pN factor
pNO 229 (76%)
pN1 31 (10%)
pN2 18 (6%)
pN3 23 (8%)
Pathological stage
I 225 (74%)
I 47 (16%)
I 26 (9%)
v 3(1%)

Serum levels of ANOS1, DPYSL3, and MAGE-D2
according to disease stage

We compared the serum levels of the three markers between
the healthy controls and patients with stage I GC or stages
II-IV GC. The levels of ANOS1 were significantly elevated
in patients with stage I GC compared with those of healthy
controls (median 1179 ng/ml and 461 ng/ml, respectively,
P <0.0001), whereas the levels of patients with stages I and
II-V GC were equivalent (Fig. 2b). The levels of DPYSL3
significantly increased in the order of healthy controls
(median 142 ng/ml), patients with stage I GC (median
230 ng/ml), and patients with stage II-IV GC (median
306 ng/ml) (Fig. 2b). There were no significant differences
between the groups in the levels of MAGED2. Among the
301 patients with GC, there were no significant differences
in preoperative serum levels of CEA and CA19-9 between
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patients with stage I and stages II-IV GC (Supplemental
Fig. 2b).

We then focused on the combined serum levels of ANOSI
and DPYSL3. Using the cutoff values determined from ROC
curve analysis (ANOS1, 2823 ng/ml and DPYSL3, 276 ng/
ml), healthy controls and patients with GC were categorized
into the groups as follows: ANOS1 and DPYSL3 double-
negative (< cutoff values); ANOS1 or DPYSL3 positive
(> cutoff values), and ANOS1 and DPYSL3 double-positive.
There was no double-positive healthy control (Fig. 2¢). The
proportion of double-negatives gradually decreased in the
order healthy controls, patients with stage I GC, and patients
with stages II-1V GC (80%, 43% and 34%, respectively,
P <0.0001) (Fig. 2¢). The AUC values used to discriminate
patients with GC from healthy controls for combination of
ANOSI1 and DPYSL3 were 0.7143 each, slightly, but not
significantly higher than that of ANOSI alone (Supplemen-
tal Fig. 2¢).

Comparison of preoperative serum levels of ANOS1,
DPYSL3, and MAGED2 in patient subgroups

The serum levels of the three markers among the 301
patients were categorized into subgroups according to
clinicopathological parameters. No significant differences
between ANOS1 and MAGED?2 levels were detected
(Table 2). In contrast, pathological vascular invasion and
T2-4 tumors were significantly associated with higher levels
of preoperative serum DPYSL3 (Table 2).

Correlations with the levels of the indicators
of inflammation CEA and CA19-9

The serum levels of conventional tumor markers (e.g. CEA
and CA19-9) are influenced by inflammation. The preop-
erative serum levels of the three markers did not signifi-
cantly correlate with white blood cell counts and C-reactive
protein levels, indicating that levels of the three markers
were independent of inflammation (Supplemental Table 1).
Moreover, preoperative levels of the three markers showed
no significant correlations with those of CEA and CA19-9
(Supplemental Table 1).

Perioperative changes in serum levels of ANOS1,
DPYSL3, and MAGED2

When we compared the serum levels of ANOS1, DPYSL3,
and MAGED? before and after surgery, we found that they
decreased in most patients after resection of the primary GC
lesions (P <0.0001) (Fig. 3).
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Fig.2 a Receiver operating characteristic curve analysis of serum
levels of the potential markers ANOS1, DPYSL3, and MAGED?2 to
detect patients with GC. b Serum levels of these markers in healthy

Levels of ANOS1, DPYSL3, and MAGED?2 in primary
GC tissues

Surgically resected primary GC tissues were obtained from
43 (14%) of the 301 patients with GC. There were no signifi-
cant correlations between the levels of ANOS1, DPYSL3,
and MAGED?2 in GC tissues and their respective serum lev-
els (Spearman’s correlation coefficients: — 0.0848, 0.1690,
and — 0.0241, respectively (Supplemental Fig. 3).

External validation

We previously found that increased levels of ANOSI,
DPYSL3, and MAGED2 mRNAs in primary GC tissues
are associated with poor prognosis [9-11]. To confirm the
reproducibility of these results, the prognostic significance
of tissue levels of the three markers was evaluated using
a published database for external validation. This analysis
revealed that patients with high levels of ANOSI, DPYSL3,
and MAGED2 mRNAs in primary GC tissues experienced
significantly shorter overall survival (Supplemental Fig. 4).

controls and patients with stage I or stages II-IV GC. ¢ Combined
serum levels of ANOS1 and DPYSL3 in each group

Discussion

Public health programs using barium meals or endoscopy
aimed at diagnosis of GC have long been conducted in Japan
[14]. Nevertheless, approximately 50% of patients with GC
in Japan present at an advanced stage [15]. One of the rea-
sons for this failure is the limited access to or poor compli-
ance with the program because of the invasive and time-
consuming nature of the examinations. Screening of serum
samples is thus an ideal way to select patients for more inva-
sive examinations, provided they achieve sufficient diagnos-
tic performance. Such assays could have further benefit as
a method for follow-up and to monitor responses to therapy
[16, 17]. Ideally, such assays will detect elevated levels of
serum biomarkers before the onset of disease manifestations
and clinical symptoms [18].

Here we conducted a prospective multicenter study to
validate the performance of three candidate serum bio-
markers that we identified in our previous reports. Among
these markers, ANOSI1 exhibited the highest AUC value
(0.7058) for discriminating patients with GC from healthy
controls and achieved diagnostic capacity that was consistent
throughout the disease stage, such that Stage I disease could
be detected. Further, there were no significant differences
between ANOSI levels between any of the GC subgroups,
whereas pathological vascular invasion and T2-4 tumors
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Table 2 Subgroup analyses
of preoperative serum levels

of ANOS1, DPYSL3 and
MAGED2

ANOSI1

ANOSI1 DPYSL3 MAGED2
Median (ng/ml) P Median (ng/ml) P Median P
(ng/ml)

Age (year)
<70 1232 0.4590 261 0.8825 68 0.5350
>70 964 238 68

Sex (male/female)
Male 1130 0.7627 237 0.5598 71 0.1495
Female 1232 298 66

Tumor location
Entire or upper third 1394 0.5151 264 0.4655 70 0.7502
Middle or lower third 1170 252 68

Tumor size (mm)
<30 1271 0.1623 238 0.5344 73 0.1111
>30 956 277 60

Differentiation
Differentiated 1179 0.7473 276 0.5862 68 0.4004
Undifferentiated 1146 229 70

Lymphatic involvement
Absent 1208 0.6731 245 0.2639 72 0.4653
Present 1073 258 61

Vascular invasion
Absent 1170 0.7410 233 0.0225 70 0.8150
Present 1187 342 61

pT factor
pT1 1134 0.7351 217 0.0011 72 0.4253
pT2-4 1362 333 51

pN factor
pNO-1 1187 0.5921 255 0.5521 69 0.8435
pN2-3 964 223 52

DPYSL3 MAGED2

ng/ml
35000 -{
30000
25000 1
20000 -|
15000
10000 -{ &
5000 -| =

0

ng/ml
15000 -

10000

5000

0

Preoperative
levels

Postoperative
levels

levels

Preoperative

Postoperative
levels

Fig. 3 Perioperative changes in serum levels of ANOS1, DPYSL3, and MAGED2
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were significantly associated with higher levels of preop-
erative serum DPYSL3. Accordingly, the serum levels of
DPYSL3 increased in the order healthy controls, patients
with stage I GC, and patients with stages II-IV GC. There
were no significant associations between the preoperative
levels of the three markers with those of CEA and CA19-
9. Moreover, serum levels of the three markers decreased
in most patients after resection of their primary GC lesion.
Unfortunately, lack of significant differences between the
patient groups excluded MAGED?2 levels from further pur-
suit as a biomarker for GC.

We believe that the ability of serum ANOSI levels to
distinguish between patients with GC of all stages from
healthy controls is the most meaningful finding that justifies
its further development as a unique biomarker, particularly
for diagnosis of early-stage GC. ANOSI is a secreted 100-
kDa glycoprotein that is a component of the extracellular
matrix [19, 20]. In vitro studies show that ANOS1, which
binds with high affinity to heparin sulfate proteoglycans in
the cell membrane, affects cell adhesion, neurite outgrowth
and branching, and cell migration [20, 21]. Similarly, evi-
dence acquired from in vivo studies indicates that ANOS1
regulates neurogenesis as well as the motility and migration
of neural cells during development [22, 23]. Further, under
physiological and pathological conditions in adults, ANOS1
mediates the outgrowth and genesis of axon collaterals as
well as the differentiation of oligodendrocytes and myelin
formation [22].

We previously reported that elevated levels of ANOSI
mRNA in tissues are significantly associated with the malig-
nant phenotypes of GC and shorter survival [11]. Further,
this single-center retrospective study revealed that ANOS1
levels in serum samples increase in patients with localized
GC compared with those of healthy controls [11]. Again,
our present prospective multicenter study shows that serum
levels of ANOS1 were reproducibly and significantly higher
in patients with stage I GC compared with those of healthy
controls.

DPYSL3 is a cell-adhesion molecule that is involved
in metastasis [24]. Although our ELISA data indicate the
potential of DPYSL3 for stratifying patients according to
disease progression, its performance as a prognostic deter-
minant could not be fully evaluated, because long-term sur-
vival data were unavailable. However, tumor depth, lymph
node metastasis, and stage of GC were not significantly asso-
ciated with serum levels of ANOSI, suggesting that the vol-
ume of GC cells did not influence the results, although they
may reflect the condition of the gastric mucosa. In contrast,
the serum level of DPYSL3 was significantly associated with
tumor depth, vascular invasion, and disease stage. When we
evaluated the combined levels of ANOS1 and DPYSL3, the
proportion of double-negatives gradually decreased in the
order healthy controls, patients with stage I GC, and patients

with stages II-IV GC. These findings indicate that this tech-
nique is useful for diagnosis and stratification of patients
with disease progression.

Emerging evidence indicates the biological roles of
the melanoma-associated antigen (MAGE) family in can-
cer development, progression, and resistance to treatment
[25, 26]. However, little is known about the functions of
MAGED?2 [27]. In the present study, there were no sig-
nificant differences in serum levels of MAGED?2 between
healthy controls and patients with GC. Further, the serum
levels of MAGED?2 decreased after resection of primary
tumors, indicating that MAGED2 was derived from tumors
and released into the circulation. However, it will be diffi-
cult to use MAGED?2 as a serum tumor marker because the
changes in its serum levels were small.

Here we show that ANOS1 was the most promising serum
biomarker, although the ANOSI1 assay was insufficiently
sensitive (0.36), even in combination with DPYSL3 (0.39).
Markers with high sensitivity with a low false-negative rate,
nevertheless, can identify individuals suspected with a dis-
ease and are therefore useful for screening. Unfortunately,
our data show that ANOSI is unsuitable for this purpose. In
contrast, the ANOS1 assay was highly specific (0.85) and
capable of distinguishing healthy controls from patients
with GC. Because of a low false-positive rate, an intensive
workup to arrive at a definite diagnosis of GC is strongly
recommended for ANOS 1-positive individuals.

The levels of standard serum tumor markers such as CEA,
CA19-9, CA125, and squamous cell carcinoma-related anti-
gen are influenced by inflammation [7, 18, 28]. Serum lev-
els of ANOSI correlated with white blood cell counts and
the levels of C-reactive protein, indicating the absence of a
significant association with inflammation. Moreover, serum
levels of ANOSI levels were independent of those of carci-
noembryonic antigen and CA19-9, indicating that ANOS1
may serve as a unique screening tool to detect GC. When we
analyzed preoperative serum samples of patients with other
cancers to determine if the candidate markers were specific
to GC, we found that ANOS1 levels were elevated in patients
with esophageal or pancreatic cancer, but not in those with
colorectal cancer, liver cancer, or breast cancer, indicating
that ANOSI1 levels may be specific to certain cancers.

To identify the origin of circulating ANOS1, DPYSL3
and MAGED?2, we determined their serum levels before and
after surgery and found that they were significantly lower
after resection of the primary lesions, implicating secre-
tion by tumor cells. However, their serum levels were not
significantly associated with those detected in primary GC
tissues, indicating that these proteins are not always abun-
dant in serum despite their abundance in gastric cancer tis-
sues. There are possible explanations for this inconsistency.
Gastric cancers exhibit high intratumoral heterogeneity [2].
Small pieces of tissue were collected from the edge of the
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tumors and therefore likely did not reflect the levels of cer-
tain or all protein in the entire tumor. For example, CEA
levels markedly differ between those of gastric cancer tis-
sues and serum [29, 30]. Thus, the amount of CEA released
into the circulation does not mainly depend on tissue CEA
levels, but depends on its distribution within a cancerous
tissue, tumor differentiation, and lymphovascular invasion
[31, 32]. This may therefore explain discrepancies between
serum levels of ANOS1, MAGED2, and DPYSL3 and their
respective tissue levels.

A limitation of this study is the use of relatively few
healthy controls with demographic backgrounds that did
not match those of patients with GC. Further, the prognos-
tic significance of serum levels of ANOS1, DPYSL3, and
MAGED?2 must be determined, because most patients had
stage I GC. Unfortunately, data on long-term survival and
recurrence were unavailable during the preparation of this
manuscript. Uneven stage distribution of the disease controls
may have confounded the comparison of serum levels of
the markers across the cancers of the disease control group.
Further, we lacked lack of sufficient data to explain the
inconsistency between serum and tissue protein levels. Thus,
further investigation is required to identify the mechanism
that releases these proteins into the circulation. Nevertheless,
the reproducibility of determining serum levels of ANOS1
represents an important step towards the development of a
novel serum biomarker of GC.

Conclusions

Measurement of serum levels of ANOS1 may serve as a
useful tool for diagnosis of GC. The combination of ANOS1
levels with those of DPYSL3 may enhance the diagnostic
performance of the former.
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