MOLECULAR AND CLINICAL ONCOLOGY 15: 237, 2021

Identification of serum anti-striatin 4 antibodies as a common
marker for esophageal cancer and other solid cancers
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Abstract. Solid cancers have a poor prognosis, and their
morbidity and mortality after surgery is high. Even after
radical surgery for esophageal cancer, there have been cases
of early postoperative death. The present study therefore
aimed to explore new tumor markers that can predict the
early postoperative prognosis. To identify antibody markers,
serological antigens were identified using recombinant cDNA
expression cloning (SEREX). The results identified striatin 4
(STRN4) as the antigen recognized by serum IgG antibodies
in patients with esophageal cancer. After performing an
amplified luminescence proximity homogeneous assay-linked
immunosorbent assay (AlphalLISA), it was revealed that when
compared with healthy donors, serum anti-STRN4 antibody
(STRN4-Ab) levels were significantly higher not only in
patients with esophageal cancer but also to lesser extent, in
those with gastric cancer, colorectal cancer, lung cancer and
breast cancer. Compared with STRN4-Ab-negative patients
with esophageal cancer, STRN4-Ab-positive patients had a
poorer postoperative prognosis at early stages, suggesting that
STRN4-Abs may be useful for predicting poor early-stage
prognoses of patients with esophageal cancer. The positive
diagnosis rates of esophageal cancer using the STRN4-Ab
marker and conventional markers, including squamous
cell carcinoma antigen and p53 antibody alone, were
26.4,35.2 and 19.1% respectively; a result that increased up to
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59.1% by combining all three markers. Serum STRN4-Ab may
serve as a novel marker of esophageal cancer.

Introduction

Esophageal cancer has malignant potential and often results
in early recurrence and a poor prognosis (1). Squamous
cell carcinoma antigen (SCC-Ag), cytokeratin 19 fragment
(CYFRA), and carcinoembryonic antigen (CEA) have been
employed as biomarkers for esophageal cancer. MicroRNA
and serological markers have been reported as new
biomarkers, but the results have been unsatisfactory (2,3).
The serum anti-p53 antibody test has recently been devel-
oped and has been employed worldwide to detect superficial
esophageal SCC (4,5). The positive rate of serum anti-p53
was 30% (6); however, there are few biomarkers that have
shown such high sensitivity and specificity (7-10). New
biomarkers that can estimate the short-term postoperative
prognosis are effective because they can help physicians
select the appropriate postoperative adjuvant therapy during
the early postoperative period.

Serological identification of antigens by recombinant
cDNA expression cloning (SEREX) is an effective screening
method for tumor markers (11). SEREX involves the
immune-screening of cDNA libraries prepared from tumor
specimens from patients' sera. The sequencing of isolated
cDNA clones makes SEREX suitable for the large-scale
screening of tumor antigens. SEREX has been applied to
various human tumor types and has identified more than 1000
novel tumor antigens (SEREX antigens) (12).

We conducted a large-scale SEREX screening using
sera from patients with esophageal cancer and identified
TROP2/TACSTD2 (13), SLC2A1/GLUT1 (14), tripartite
motif-containing 21 (15), myomegalin (16), makorin 1 (17)
and esophageal carcinoma SEREX antigen (ECSA) (18). In
the present study, we further identified striatin 4 (STRN4)
as a novel esophageal SEREX antigen and evaluated
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clinicopathological significance of serum anti-STRN4 anti-
body (s-STRN4-Ab) levels in patients with solid tumors.

Materials and methods

Collection of serum samples. The study was approved by
the Ethics Committee of Toho University, Graduate School
of Medicine (no. A18103) and Chiba University Graduate
School of Medicine (no.2018-320) (Japan). We collected sera
from patients who had provided written informed consent.

Serum samples were obtained from 672 patients,
including 192 with esophageal cancer, 96 with gastric
cancer, 192 with colorectal cancer, 96 with lung cancer, and
96 with breast cancer from Toho University Omori Hospital
(Japan) between June 2010 and February 2016. Among the
192 patients with esophageal cancer, 91 underwent radical
surgery. Among them, 63 patients underwent neoadjuvant
chemotherapy. The number of patients in each stage for
esophageal cancer (Japanese Classification of Esophageal
Cancer, 11th Edition (19) was as follows: 9 patients in
stage 0, 14 in stage I, 25 in stage II, 34 in stage III, and 9
in stage IVa. Gastric cancer was analyzed in 57 cases and
colorectal cancer was analyzed in 113 cases, of which all
cases were underwent radical surgery. Excluded cases
were those with double cancer and pathologically difficult
staging due to neoadjuvant chemotherapy. The number of
patients in each stage for gastric cancer (Japanese classifica-
tion of gastric carcinoma: 3rd English edition (20) was as
follows: 28 patients in stage I, 14 in stage II, 8 in stage III,
and 7 in stage I'V. And the number of patients for colorectal
cancer (Japanese Classification of Colorectal, Appendiceal,
and Anal Carcinoma: the 3d English Edition [Secondary
Publication] (21) was as follows: 5 patients in stage 0, 29 in
stage I, 32 in stage 11, 31 in stage III, and 16 in stage I'V.

All patients were regularly followed-up until July 2018 or
death. Healthy donor sera were obtained from Port Square
Kashiwado Clinic.

SEREX screening. SEREX screening was performed using
sera from patients with esophageal cancer as previously
described (13-18). The isolated STRN4 cDNA was recombined
into the EcoR1/Xhol site of pGEX-4T-3 (GE Healthcare Life
Sciences, Pittsburgh, PA). Expression of STRN4-GST or control
GST was induced by treating pGEX-4T-3-STRN4-trans-
formed or control pGEX-4T-3-transformed Escherichia coli
(E. coli) BL21 with 0.1-mM isopropyl-p-D-thiogalactoside
(IPTG) at 37°C for 3 h. The cells were subsequently lysed
in BugBuster Master Mix (Merck Millipore, Darmstadt,
Germany). STRN4-GST and GST proteins were purified by
glutathione-Sepharose (GE Healthcare Life Sciences) column
chromatography according to the manufacturer's instructions
as previously described (22-26).

Serum sampling and AlphaLISA for serum markers. Serum
samples were collected prior to treatment and were kept
frozen at -80°C until use. s-STRN4-Ab levels were exam-
ined using amplified luminescence proximity homogeneous
assay-linked immunosorbent assay (AlphaLISA), which
was performed using 384-well microtiter plates (white
opaque OptiPlate™; Perkin Elmer) containing 2.5 ul

of 1/100-diluted sera and 2.5 ul of GST or GST-fusion
STRN4 protein (10 gg/ml) in AlphaLISA buffer (25 mM
HEPES, pH 7.4, 0.1% casein, 0.5% Triton X-100, 1-mg/ml
dextran-500, and 0.05% Proclin-300) according to the manu-
facturer's instructions (Perkin Elmer, http:/www.perkinelmer.
com/lab-solutions/resources/docs/GDE_ELISA-to-Alphal.ISA.
pdf). The reaction mixture was incubated at room temperature
for 6-8 h. Next, anti-human IgG-conjugated acceptor beads
(2.5 pl of 40 pg/ml) and glutathione-conjugated donor beads
(2.5 pl of 40 ug/ml) were added and incubated further for
14 days at room temperature in the dark. The chemical emis-
sion was measured by an EnSpire Alpha microplate reader
(PerkinElmer) as previously described (27-29). Specific reac-
tions were calculated by subtracting the Alpha values of the
GST control from the GST-STRN4 values. The serum p-53
antibodies (p53-Abs) (30) and SCC-Ag (31) were also evaluated
as previously described. Cutoff values for serum p53-Abs and
SCC-Ag were fixed at 1.3 IU/ml and 1.5 ng/ml, respectively.

Statistical analysis. The continuous data are expressed as
mean + standard deviation. Receiver operating characteristic
curve analysis was a typical method to determine the sensitivity
and specificity from the serum STRN4-Ab (s-STRN4-Ab)
level between healthy donor and cancer patients to set at the
values that maximize the sums of the sensitivity and speci-
ficity. Area under the curve (AUC) was defined by the area
of under the curve of the ROC curve. The closer the AUC is
to 1, it is judged that the discrimination performance is high.
Comparisons between unpaired groups were conducted using
the Mann-Whitney U test. Differences in the distribution of
two variables were evaluated using Fisher's exact test or the
chi-squared test. The corresponding differences among three
variables were evaluated with the Kruskal-Wallis test. We
analyzed the clinicopathological data using logistic regression
analysis to evaluate the association with s-STRN4-Ab level.
We calculated the survival curves using the Kaplan-Meier
method and compared them using the log-rank test. All anal-
yses were performed using EZR software (32), and statistical
significance levels were defined as P<0.05.

Results

Comparison of s-STRN4-Ab levels between healthy donors
and patients with solid tumors. SEREX screening identified
striatin 4 (STRN4; accession number: NM_013403) as an
antigen recognized by serum IgG antibodies in patients with
esophageal cancer. We then recombined the cDNA, purified
the STRN4-GST protein and examined the s-STRN4-Ab
levels in patients with esophageal cancer, gastric cancer,
colorectal cancer, lung cancer, and breast cancer. The mean
s-STRN4-Ab levels (+ standard deviation) were as follows:
healthy donors, 777+2308; esophageal cancer, 2878+5846;
gastric cancer, 2605+6440; colorectal cancer, 2531+7545; lung
cancer, 2977+7537; and breast cancer, 1616+3535. Compared
with the healthy donors, the patients with any type of cancer
showed significantly higher levels of s-STRN4-Abs in the
Kruskal-Wallis test (Fig. 1), suggesting that s-STRN4-Ab is a
common marker for solid cancers. The levels were especially
higher for esophageal cancer and lung cancer but relatively
lower for breast cancer.
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Figure 1. Comparison of serum anti-STRN4 antibody levels between solid cancers and healthy donors. Levels of serum STRN4 antibodies in healthy donors
and patients with esophageal cancer, gastric cancer, colorectal cancer, lung cancer and breast cancer were examined by an amplified luminescence proximity
homogeneous assay-linked immunosorbent assay. Data are presented as the mean + SD. "P<0.05 and ““P<0.001. STRN4, striatin 4.

We then performed a receiver operating characteristic curve
analysis to evaluate the sensitivity and specificity between each
cancer and the healthy donors (Fig. 2). The results revealed
that the AUC values were >0.6 for all cancers (Table I). When
the cutoff value was set at the values that maximize the sums
of the sensitivity and specificity, the sensitivity and specificity
of s-STRN4-Abs for esophageal cancer were 67.2 and 67.7%,
respectively.

Comparison of s-STRN4-Ab levels according to various
laboratory data. Given that the AUC was the highest for
esophageal cancer among the solid cancers (Table I), we
focused on 91 surgical cases of esophageal cancer and
examined their clinicopathological features. The mean
(+ standard deviation (SD)) s-STRN4-Ab levels for stage
0, stage I, stage II, stage III, and stage IVa were 718+1351,
13711727, 1935+2368, 1087+1537 and 21211772, respec-
tively (Fig. 3A). In the gastric cancer, the mean + SD
of s-STRN4-Ab levels for stage I, stage II, stage III, and
stage IV were 2336+3007, 274943539, 3455+4343, and
2101+2473, respectively (Fig. 3B). In the colorectal cancer,
the mean + SD s-STRN4-Ab levels for stage 0, stage I,
stage II, stage 111, and stage IV were 3666+3689, 1855+2705,
13852368, 1169+1978, and 1970+1813, respectively
(Fig. 3C). Although there was no significant association
between each stage and a s-STRN4 antibody level in the
Kruskal-Wallis test in all three cancers, the mean STRN4

levels for stages I, II, III, and IV were higher than for stage
0 in terms of esophageal cancer.

Relationship between s-STRN4-Ab levels and overall survival.
We then divided the s-STRN4-Ab levels for esophageal cancer
into quartiles (Q1, Q2, Q3 and Q4). The s-STRN4-Ab levels
ranged from -827 to 184 for QI, 190 to 873 for Q2, 1106 to 2746
for Q3 and 2876 to 39727 for Q4. Although there were no signifi-
cant differences in overall survival between the Q1+Q2+Q3 and
Q4 groups (P=0.508), Q4 group showed poor prognosis at early
stage (10-36 weeks) after surgery. (Fig. 4A). In terms of gastric
and colorectal cancer, there was no statistically significant
correlation between Q1+Q2+Q3 vs. Q4 groups (Fig. 4B and C).

Relationship between high serum STRN4 antibody levels and
clinicopathological factors. The univariate and multivariate
analysis showed no significant association for esophageal
cancer between s-STRN4-Ab levels and sex, age, tumor depth,
lymph node status, location, white blood cell count, neutrophil
count, lymphocyte count, hemoglobin count, platelet count,
C-reactive protein level, albumin level, SCC-Ag level, and
p53-Abs (Tables IT and I1I). In terms of gastric and colorectal
cancer, there was no significant association for clinicopatho-
logical factors (data not shown).

Combination assessment of s-STRN4-Ab and conventional
tumor markers. To evaluate the usefulness of s-STRN4-Ab
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Table I. Comparison of AUC, 95% confidence intervals, cutoff levels, sensitivity, specificity and P-values from patients with

various cancer types.

Esophageal Gastric Colorectal Lung Breast
Variable cancer cancer cancer cancer cancer
AUC 0.694 0.682 0.653 0.616 0.639
95% CI 0.630-0.758 0.606-0.758 0.587-0.718 0.536-0.696 0.560-0.718
Cutoff >329.0 >365.0 >785.0 >321.0 >208.0
Sensitivity (%) 67.2 70.8 53.6 56.2 65.6
Specificity (%) 67.7 67.7 79.2 67.7 61.5
P-value <0.001 <0.001 <0.001 <0.001 <0.001

AUC, area under the curve; CI, confidence interval.
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Figure 2. Receiver operating characteristic curve analysis was performed to evaluate the sensitivity and specificity of each cancer type and healthy donor

assessed. Numbers in the figure represent cutoff level, specificity and sensitivity.

for esophageal cancer, we compared it with the conventional
tumor markers, SCC-Ag and p53-Abs. When we decided the
s-STRN4-Ab cutoff level at 2746 (the border between Q3
and Q4), the positive rate was 26.4%, which was comparable
to 19.1% for p53-Ab and 35.2% for SCC-Ag (Fig. 5). We then
examined the positive rates of s-STRN4-Ab combined with the
conventional tumor markers. The positive rates for SCC-Ag
plus s-STRN4-Ab, p53-Ab plus s-STRN4-Ab, and SCC-Ag plus
p53-Abs were 49.4,40.4, and 48.3%, respectively. By combining
all of the markers, the positivity increased to 59.1%. Thus, addi-
tion of s-STRN4-Ab marker improved the sensitivity.

Discussion

We found that s-STRN4-Ab levels were significantly higher
in the solid cancer group (esophageal cancer, gastric cancer,

colorectal cancer, lung cancer, and breast cancer) than the
healthy donor group. P-values of digestive organ cancers vs.
HD were much lower (<0.001) than that of lung cancer (<0.05).
Given that the AUC value for esophageal cancer was highest
among all examined AUC values, we focused on esophageal
cancer and evaluated its clinicopathological character and
prognosis; however, there were no statistically significant
correlation between s-STRN4-Ab and clinicopathological char-
acter including TNM. In the stage-by-stage analysis, however,
s-STRN4-Ab levels at stages II, IIT and IV were higher than at
stage 0. There was no correlation between STRN4 and other
tumor markers in the univariate and multivariate analysis, indi-
cating that the positive rate increased by the combined diagnosis
of these markers.

STRN, STRN3 and STRN4 are members of
the striatin family of proteins that contain multiple
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Table II. Fisher's exact comparison of serum levels according to the clinicopathological characteristics of patients with esopha-

geal cancer.

STRN4 STRN4

Variables Q1+Q2+Q3 Q4 P-value

Sex >0.999
Male 51 19
Female 16 5

Age 0.810
>65 38 15
<65 29 9

Location 0.753
Upper 11 3
Lower 56 21

Tumor depth 0.454
T1 23 6
T2-T4 44 18

Lymph node status 0.636
NO 29 12
N1 38 12

WBC (ul) >0.999
>8,000 8 3
<8,000 59 21

Neutrophil (%) 15 4 0.771
>70 15 4
<70 52 20

Lymphocyte (%) 0371
>35 11 6
<35 56 18

Hemoglobin (g/dl) 0.450
>12 43 18
<12 24 6

Platelet 0.375
>150,000 63 21
<150,000 4 3

CRP (mg/dl)* 0.450
>0.3 20 9
<0.3 46 14

Albumin (g/dl) 0.596
>3.5 51 17
<35 16 7

SCC-Ag (ng/ml)* 0.447
>1.5 21 10
<15 44 13

p53-Abs (U/ml)* 0.770
>1.30 12 5
<1.30 53 19

“Data represents a loss value. NO, no lymph node metastasis; N1, lymph node metastasis; WBC, white blood cell; CRP, C-reactive protein;
SCC-Ag, squamous cell carcinoma antigen; Abs, antibodies; STRN4, striatin 4; Q, quartiles of serum STRN4 antibody levels.

protein-binding domains including the coiled-coil domain,
Ca?*-calmodulin-binding domain, caveolin-binding domain,
and WD-repeat domain (33-35). Striatin family proteins are
also known to form a complex with protein phosphatases and

protein kinases, which further regulates the signaling path-
ways involved in cell proliferation, differentiation, apoptosis,
and transformation (36,37). These results indicate that STRN4
is involved in the early stage of carcinogenesis. It has also been
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Table III. Logistic regression analysis of serum levels according to the clinicopathological characteristics of patients with
esophageal cancer.

Variable Odds ratio 95% CI P-value
Tumor depth 1.890 0.545-6.570 0315
Lymphocyte (%) 2.260 0.643-7.920 0.204
Hemoglobin (g/dl) 0417 0.130-1.340 0.141
Platelet 2.240 0.436-11.50 0.333
SCC-Ag® 1.540 0.522-4.520 0.436

“Data represents a loss value. CI, confidence interval; SCC-Ag, squamous cell carcinoma antigen.
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reported that silencing of STRN4 suppresses the proliferation,
migration, invasion, and anchorage-independent growth of
several cancer cells (38). Wang ef al suggested that miR-6165
inhibits the migration and invasion of gastric cancer cells by
targeting STRN4 (39). Jiang et al indicated that Pokemon,
through stimulation of STRN4 expression, promotes prostate
tumor progression via a Pokemon/STRN4 axis (40). Wong et al
reported that STRN4 was highly expressed in digestive-organ
cancer cell lines and a lung cancer cell line (38). They also
showed that STRN4 knockdown suppressed proliferation and
metastasis of these cell lines. Consequently, STRN4 can facili-
tate carcinogenesis from the early stage to the advanced stage,
which is consistent with our results that the s-STRN4-Ab
marker was not correlated with the stage or TNM classification.

High s-STRN4-Ab levels indicated a poor postoperative prog-
nosis for esophageal cancer, with similar results reported for liver
cancer and ovarian cancer (41). High expression of STRN4 protein
in these cancers indicates a poor prognosis especially in the early
phase. For example, at 20 months after surgery, the survival rates
for the Q1+Q2+Q3 and Q4 groups were 68 and 50%, respectively.
The 50% survival periods for the Q1+Q2+Q3 and Q4 groups
were 42 and 28 months, respectively. Thus, s-STRN4 levels might
reflect a poor postoperative prognosis. Determining the risk of
early postoperative death through the use of STRN4 antigen and
antibody markers can be useful, because early treatment such as
adjuvant therapy can improve the prognosis.

Antibody markers have differing characteristics from those
of antigen markers. In the early stages of cancer, low-level tissue
destruction and subsequent leakage of intracellular antigenic
proteins lead to the emergence of autoantigens. Further repeated
tissue destruction and leakage result in a remarkable increase in
antibody levels, with antigen levels remaining constant. In the
early stages, the sensitivity of the antibody markers is therefore
much higher than that of antigen markers. In the advanced
stages, tissue destruction becomes evident, and a large amount
of antigen leaks out, which can result in partial absorption of the
autoantibodies (29). Thus, the antigen markers might be suitable
for diagnosing the late stages of cancer.

Although we have identified s-STRN4-Ab as a marker for
digestive solid cancer, this is insufficient for achieving high
sensitivity for diagnosing the early stage of cancers. Therefore
we need to find additional useful biomarkers to improve the
prognosis. s-STRN4-Ab levels were higher in patients with solid
cancers than in healthy donors. The STRN4-Ab marker might
reflect the poor postoperative prognosis of esophageal cancer.
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