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ABSTRACT

Background: Disease specific autoantibodies have been detected in
the sera of patients with atherosclerosis-related diseases, such as cerebral
infarction, cardiovascular disease. In the present study, we aimed to identify
novel autoantibodies responsible for transient ischemic attack (TIA), a
prodromal condition for cerebral infarction.

Methods: To identify candidate antigens, we screened a human aortic
endothelial cell cDNA library using sera from 20 patients with TIA. Serum
antibody levels were measured using amplified luminescent proximity
homogeneous assay-linked immunosorbent assay (AlphalLISA) in 2
independent patient/healthy donor (HD) cohorts (n = 192 and n = 906 in
the second screening and validation cohort, respectively).

Results: First screening identified 3 candidate antigens. Of these,
programmed cell death 11 (PDCD11) was determined to be associated
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with stroke (p < 0.0001), as evidenced from the second screening using
AlphalLISA. The validation cohort revealed significantly higher antibody
levels against PDCD11 (PDCD11-Ab levels) in patients with TIA than in HDs.
Multivariate logistic regression analysis indicated that the predictive value
of PDCD11-Ab levels for TIA [Odds ratio (OR): 2.44, 95% confidence interval
(CI): 1.33-4.57, p = 0.0039] was not inferior to other known risk factors for
ischemic stroke, including age (OR: 4.97, 95% CI: 2.67-9.48, p < 0.0001);
hypertension (OR: 3.21, 95% CI: 1.76-5.86, p = 0.0001); and diabetes (OR:
4.31, 95% CI: 1.74-11.2, p = 0.0015).

Conclusion: Serum PDCD11-Ab level may serve as a potential biomarker

for TIA.

INTRODUCTION

Ischemic stroke is one of the major causes of
mortality and morbidity worldwide, and one of the
primary pathological processes responsible for stroke is
atherosclerosis [1-3]. Atherosclerosis shares characteristics
of chronic inflammatory disease, and various immune cells
have been reported to play roles in atherogenesis [4-8].
Proposed antigenic proteins related to atherogenesis that
may be recognized by the immune system are oxidized
low density lipoprotein (oxLDL), phosphorylcholine,
heat shock proteins (Hsps), apolipoprotein A-1, and
phospholipids [9].

Serological identification of antigens by
recombinant ¢cDNA expression cloning (SEREX), a
combination of molecular cloning using phage expression
libraries with serological typing, is an established method
for identifying antigenic proteins [10, 11]. SEREX has
been used to identify more than 1000 novel cancer antigens
and is considered one of the most effective methods for
identifying antigenic targets on a genomic scale [12-14].
Although this method was originally developed to screen
cancer-associated antigens, it has been applied for vascular
disorders such as transplant-associated coronary disease
[15], Kawasaki disease [16], and moyamoya disease [17].
Previously, we have conducted SEREX screening for
atherosclerotic diseases such as carotid artery stenosis
[18] and cerebral infarction [19, 20] and identified RPA2,
TUBB2C, ATP2B4, and BMP-1 as the associated antigens.

Recent clinical studies have focused on early
intervention benefits in patients with transient ischemic
attack (TIA) to prevent the subsequent development of
cerebral infarction [21]. However, the diagnosis of TIA
is sometimes difficult because of the lack of objective
evidences detected by various medical examinations such
as magnetic resonance imaging (MRI), echo cardiogram,
and Holter electrocardiogram. In this context, the diagnosis
of TIA by convenient blood analysis can be useful. In this
study, we aimed to identify autoantibodies responsible for
TIA by screening a human aortic endothelial cell cDNA
library using the sera of patients with TIA.

RESULTS

First screening by expression cloning

We screened 2 x 10° ¢cDNA clones using sera of
20 patients with TIA and isolated 36 reacting clones
(Figure 1A). DNA sequence analysis and a search for
homologous sequences in an NCBI-accessible database
indicated that these isolated clones comprised 18
independent genes. GST-fusion recombinant proteins
were successfully produced using pGEX-4T vectors in
3 of 18 antigens (Table 1), which included programmed
cell death 11 (PDCDI11), catenin alpha 1 (CTNNAL1), and
ARP3 actin-related protein 3 homolog B (ACTR3B). The
region of PDCDI11 between amino acids 1583 and 1831
was obtained as a pBluescript II clone and recombined
into pGEX 4T-3 expression vector. Similarly, the cloned
regions of CTNNA1 and ACTR3B, which were amino
acids 313-560 and 94-316, respectively, were recombined
into pGEX 4T-3 and 4T-1 vectors, respectively.

Secondary screening by AlphaLLISA for antibodies
against candidate antigens

In order to determine whether the 3 antigen
candidates were related to ischemic stroke, we examined
the antibody levels in patients with acute cerebral
infarction (aCl) and healthy donors (HDs) in the second
screening cohort. Serum antibody levels against PDCD11
(PDCD11-Ab levels) were significantly higher in patients
with aCI than in HDs (p < 0.0001) (Figure 2A). Mean
+ SD values of patients and HDs were 8843 + 5217
and 6398 + 3896, respectively. Antibody levels against
CTNNA1 and ACTR3B were much lower as compared
with those against PDCD11. A significant difference in
CTNNALI antibody levels was observed between HDs and
patients, whereas no difference was noted in ACTR3B
antibody levels (Figure 2B and 2C).
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Figure 1: First screening by SEREX and Western blot analysis. Recombinant proteins were blotted onto nitrocellulose membranes
and reacted with patient serum. Arrows indicate positive phage clones. Positive clones were re-cloned for 2 additional times to obtain
monoclonality A. GST protein (lane 1) and affinity-purified GST-tagged PDCD11 (lane 2) were separated on 11% SDS-polyacrylamide gels
and stained with Coomassie Blue B., or western blotted using anti-GST antibody C., or the autologous sera of patients with aCI D., TIA E.,
and HD F. Asterisks indicate partially degraded proteins. Molecular weights are shown in the left.
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Table 1: Genes of candidate antigen in 2nd screening

Gene name | Full name (Homology) Accession No. | CDS Site of cloned region
PDCDI1 programmed cell death 11 (PDCD11) NM 014976.1 | 88..5703 4833..5581
CTNNAI catenin alpha 1 (CTNNAI), transcript variant 1 NM 001903 | 128..2848 1808..3801
ARP3 actin-related protein 3 homolog B (yeast)
ACTR3B (ACTR3B), transcript variant I NM 020445 | 135..1391 413..1084
Western blots of purified antigens smoking.

We confirmed the presence of PDCDI11-Ab in
patients’ sera by western blot analysis. GST-PDCDI11 as
well as GST proteins were recognized by the anti-GST
antibody as 55-kDa and 28-kDa proteins, respectively
(Figure 1B and 1C). The molecular weight of the largest
product was similar to that predicted by sequencing
analysis. Moreover, GST-PDCDI11 reacted with serum
antibodies of patients with aCI and TIA, but not with HD
(Figure 1D-1F).

Validation of elevated PDCD11-Ab levels in stroke
patients

To validate the elevated levels of PDCD11-Abs
in stroke patients, we further examined PDCD11-Ab
levels in the independent validation cohort (n = 906).
AlphaLISA revealed significantly higher PDCDI11-Ab
levels in patients with chronic cerebral infarction (cCI)
(» < 0.0001), aCI (p < 0.0001), or TIA (p < 0.0001) as
compared with HDs (Figure 2D). Mean = SD values
of patients with cCI, aCI, or TIA and HDs were 21230
+ 10413, 20138 + 9617, 20126 + 10491, and 14727 +
6658, respectively. However, no significant differences in
PDCDI11-Ab levels were observed among patients with
cCI, aCl, and TIA. Thus, PDCDI1-Ab levels may be
closely related to an ischemic brain lesion.

Association between PDCD11-Ab levels and other
clinical parameters in validation cohort

We then examined correlations between PDCD11-
Ab levels and other clinical parameters in the validation
cohort. A weak association was observed between
PDCDI11-Ab levels and age (r = 0.3082, p < 0.0001).
PDCD11-Ab levels were higher in females than in males
(p = 0.0073); moreover, the association was higher in
patients with cardiovascular disease (CVD) than those
without the disease (p = 0.0011). A strong association was
observed between PDCD11-Ab levels and hypertension (p
< 0.0001), diabetes (p = 0.0003), and stroke (p < 0.0001)
(Supplementary Figure 1). No significant correlations
were observed between PDCD11-Ab levels and other
parameters, including hyperlipidemia, obesity, and

Association between TIA and clinical parameters
including PDCD11-Ab levels

The cutoff value of PDCD11-Ab for predicting of
TIA was determined to be 13921 by ROC curve analysis
with a sensitivity of 73.6% and a specificity of 55.8%. The
area under the curve was 0.679. We used HDs and patients
with TIA in the validation cohort to determine the cutoff
value, which was validated in the validation cohort. Of 92
patients with TIA and 285 HDs, 66 patients with TIA and
126 HDs tested positive (p < 0.0001 was calculated using
the chi-square test).

Results of univariate and multivariate logistic
regression analyses are shown in Table 2. Using the
cutoff value of 13921, univariate logistic regression
analysis revealed that the elevated PDCD11-Ab level was
associated with the increased risk of TIA (OR: 3.52, 95%
CI: 2.09-5.93, p < 0.0001). Factors with a univariate p
value of less than 0.05 were included in the multivariate
analysis. Multivariate logistic regression analysis revealed
that the elevated PDCD11-Ab level was an independent
predictor of TIA (OR: 2.44, 95% CI: 1.33-4.57, p =
0.0039). Predictive value of PDCD11-Ab for TIA was not
inferior to other known risk factors of TIA including age
(OR: 4.97, 95% CI: 2.67-9.48, p < 0.0001); hypertension
(OR: 3.21, 95% CI: 1.76-5.86, p = 0.0001); and diabetes
(OR: 4.31,95% CI: 1.74-11.2, p = 0.0015).

Association of PDCD11-Ab levels with AMI and
DM

We further examined correlations between
PDCDI11-Ab levels and acute myocardial infarction
(AMI) and diabetes mellitus (DM) in the other validation
cohort using sera of each 128 age-matched patients and
HDs. AlphaLISA revealed no significant differences in
PDCD11-Ab levels between patients with AMI and DM
and HDs (Supplementary Figure 2).

Expression of PDCD11 in human ischemic brain

Because PDCDI11-Ab levels were elevated
specifically in sera from patients with ischemic stroke,
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Figure 2: Serum antibody levels against SEREX antigens examined by AlphaLLISA. Antibody levels against 3 antigen
candidates, PDCD11 A., CTNNA1 B., and ACTR3B C., were compared between HDs and patients with aCI in second screening cohort.
Alpha counts represent relative antibody levels. ***p < 0.0001 and p = 0.2033 were calculated by Mann—Whitney U test. D. The levels of
PDCDI11-Abs examined by AlphaLISA in the validation cohort. The PDCD11-Ab levels were compared between HDs and patients with
TIA, aCl, or cCI. ***p < 0.001 was calculated by Mann—Whitney U test with type I error adjustment using Bonferroni procedure and not
significant (n.s.), p = 1 was calculated by Kruskal-Wallis test with type I error adjustment using Bonferroni procedure. HD, healthy donors;
P, patients with acute cerebral infarction; TIA, transient ischemic attack; aCl, acute cerebral infarction; cCI, chronic cerebral infarction;

AD, antibody.
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Table 2: Logistic regression of predictive factors for TIA (n = 377; no. of events = 92)

Univariate analysis Multivariate analysis

OR 95%CI p value OR 95%CI p value
Age (>60) 9.83 5.67-17.8 <0.0001 4.97 2.67-9.48 <0.0001
Male 0.73 0.45-1.18 0.2034
HT 7.38 4.39-12.4 <0.0001 3.21 1.76-5.86 0.0001
DM 9.96 4.68-21.2 <0.0001 431 1.74-11.2 0.0015
HL 4.01 2.34-6.86 <0.0001 1.93 0.99-3.72 0.0509
CVD 8.23 1.57-43.2 0.0127 1.33 0.22-10.8 0.7610
Obesity (BMI > 25) 1.09 0.66-1.82 0.7283
Smoking 0.99 0.61-1.58 0.9569
PDCDI11 (> 13921)* 3.52 2.09-5.93 <0.0001 2.44 1.33-4.57 0.0039

*PDCDL11, elevated PDCD11-Ab levels. PDCD11-Ab cutoff was 13921 based on ROC curve analysis.

HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; CVD, cardiovascular disease; OR, odds ratio.

Table 3: Validation of predictive factors for TIA (n = 377; no. of events = 92)

Clinical risk factor Clinical risk factor + PDCD11 (>13921)*
TIA(+) TIA(-) PPV TIA(+) TIA(-) PPV
Age (= 60) 72 79 47.7% 55 40 57.9%
HT 59 57 50.9% 49 30 62.0%
DM 26 11 70.3% 22 3 88.0%
Age (=60)+HT 52 28 65.0% 43 15 74.1%
Age (=60) + DM 24 5 82.8% 21 1 95.5%
HT + DM 20 5 80.0% 18 1 94.7%
Age (>60)+HT + DM 20 2 90.9% 18 0 100%

*PDCDL11, elevated PDCD11-Ab levels. PDCD11-Ab cutoff was 13921 based on ROC curve analysis.
HT, hypertension; DM, diabetes mellitus; PPV, positive predictive value.

we further examined PDCDI1 protein expression
in surgically-resected ischemic brain tissue using
immunohistochemistry. HE staining showed both viable
and hollowing cells by necrosis co-existed in the ischemic
penumbra (Figure 3A). Immunostaining with anti-
PDCD11 demonstrated marked expression of PDCD11 in
necrotic cells but not in normal cells (Figure 3B).

DISCUSSION

The major finding of this study is that PDCD11-Ab
levels were elevated in patients with symptomatic stroke,
which turned out to be an independent predictor of TIA.
In accordance with our knowledge, this is the first study
that has identified autoantibodies against PDCD11, which
were elevated in sera of TIA patients.

Proposed mechanisms of elevation in PDCD11-Ab
levels in patients with TIA and stroke

PDCDI11 is a NF-«kB-binding protein that
colocalizes with U3 RNA in the nucleolus and is required
for rRNA maturation and generation of 18S rRNA.
PDCD11 is necessary for Fas ligand (FasL) expression, and
PDCD11 overexpression is known to induce transcription
of FasL (TNFSF6; 134638), leading to the induction of
apoptosis through Fas/Fasl./caspase death pathway [22-
25]. It is also reported that post-stroke inflammatory
response of FasL is an important contributing mechanism
in ischemic brain lesion [26]. Therefore, it can be
speculated that Fas/FasL/caspase death pathway may be
activated in the ischemic brain tissue and that PDCD11
may be overexpressed. As the overexpression of cancer
-related antigens stimulate the immunity and produce their
autoantibodies, overexpression of PDCD11 in ischemic
brain tissue might also stimulate autoimmune response
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Figure 3: Immunohistochemistry. Surgically-resected ischemic brain tissue was stained with hematoxylin only A., and anti-PDCD11
antibody (B., arrows).
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Table 4: Baseline characteristics of subjects

st 2nd Screening Validation
TIA aCl HD Stroke (n = 621) HD
n=20) | ®=96) | (n=96) cCI aCl TIA (n = 285)
=65 | (m=464) | w=92)
Age 675 67.7%% 56.3 73.3%% 75.5%% 70.2%% 523
(years) +19.1 +12.7 171 192 £115 ~11.6 £11.7
73* 53 48 271 55 188
Male gender 12(60.0%) | 761000y | (55.2%) | (73.8%) (58.4%) (59.7%) | (65.9%)
. 61+ 21 535 335%% 607 57
Hypertension 13(65.0%) | " (6350) | (21.9%) | (81.5%) (122%) 652%) | (20.0%)
Diabetos 7 30+ 5 205 1257 265 1
(35.0%) | (31.3%) | (52%) | (338%) | (26.9%) (28.3%) (3.9%)
omerlioidemia B 407 10 257 1205 36+ 40
yperlip 40.0%) | @1.7%) | (104%) | (385%) | (263%) (39.1%) | (14.0%)
VD 1 7 3 2% 40 S 0
(G.0%) | (73%) | (3.1%) (3.1%) (8.6%) (5.4%) (0.0%)
Obesity 5 245 31 1 127 30 83
(BMI > 25) 250%) | (25.0%) | (323%) | (169%) | (27.4%) (32.6%) | (30.9%)
. 68%* 21 3 228 e 132
Smoking I1G50%) | (7080 | (21.9%) | (50.8%) (49.1%) 46.7%) | (46.3%)

Data represents means (+SD) for continuous data and n (%) for categorical data.

*p <0.01 versus HD, **p < 0.001 versus HD.

TIA, transient ischemic attack; aCI, acute cerebral infarction; HD, healthy donor; cCI, chronic cerebral infarction; CVD,

cardiovascular disease.

and produce the PDCDI11 autoantibody in patients with
ischemic stroke. We further examined PDCD11 protein
expression in surgically-resected ischemic brain tissue
using immunohistochemistry to prove our speculation.
PDCDI11 expression was closely co-localized with
ischemic brain cells (Figure 3).

We have screened autoantibody levels in the sera
of patients with ischemic stroke and report TUBB2C
[19], ATP2B4, BMP-1 [20], DHPS [27], and SH3BPS5
[28] as possible antigens that may be implicated in the
development of stroke. Antibody levels against these
proteins were also elevated in the sera of patients with
CVD and DM. Accordingly, we speculated that because
ischemic stroke is only one of the phenotypes of whole
body atherosclerosis, stroke associated autoantibodies we
have detected may have also been elevated in the sera of
patients with other atherosclerotic diseases. On the other
hand, serum PDCD11-Ab levels were elevated only in
patients with TIA and stroke but not in those with AMI
and DM. This intriguing finding led us to hypothesize
that the immune response against PDCDI11 is not due to
the leakage of PDCD11 from atherosclerotic plaques but
due to the leakage from brain tissues exposed to ischemia.
Leakage of the overexpressed PDCDI11 from ischemic
brain tissues may have induced autoimmune responses
against PDCD11. Immunological research would further
verify the mechanisms of PDCD11-Ab elevation in the
sera of patients with TIA and stroke.

Clinical implications of measuring PDCD11-Ab
levels in TIA patients

Results of this study suggest that the measurement
of serum PDCDII1-Ab levels can provide valuable
information for diagnosing TIA. According to a nationwide
survey of patients with stroke, approximately 15% of
patients with ischemic stroke experiences TIA before the
onset of stroke [29]. Early medical intervention to TIA is
known to prevent the development of subsequent stroke;
therefore, early and accurate diagnosis of TIA is clinically
significant. However, approximately half of patients
with TIA visited medical facilities after their symptoms
completely disappeared [30, 31], and the diagnosis of
TIA is sometimes difficult because physicians have to
diagnose TIA only by taking history into consideration.
Clinical examinations such as MRI, echography of
cardia and carotid artery, and Holter electrocardiogram
may increase the diagnostic accuracy of TIA; however,
these are expensive, time consuming, and inconvenient.
Therefore, if we are able to diagnose TIA simply by
blood examination, this will significantly contribute to the
clinical practice in terms of preventing stroke development
as well as facilitating medical economy.

Although the PDCDI11-Ab was significantly
elevated in sera of TIA patients independent of other
cardiovascular risk factors, the diagnostic value of
PDCDI1 alone was weak (sensitivity and specificity
were 73.6% and 55.8%, respectively). In our opinion, the

www.impactjournals.com/oncotarget

8843

Oncotarget



diagnostic value will improve by a combination of the
measurement of the PDCD11-Ab and clinical risk factors,
including age, hypertension, and diabetes, which were
independent predictive factors for TIA in the multivariate
logistic regression analysis (Table 2). In fact, the positive
predictive values with the combination of PDCDI11-
Ab and clinical risk factors were higher than those with
clinical risk factors alone (Table 3). In addition, we are
now trying to produce the peptide antigen with a localized
epitope, which may improve the sensitivity and specificity.
On the other hand, the multivariate logistic
regression analysis revealed that the elevation of
PDCDI11-Ab levels was a predictive marker for TIA.
Thus, we planned to examine PDCD11-Ab by a blood
test during the regular medical check-up. If HDs without
any symptoms have a high level of PDCD11-Ab on this
test, they could have high risks for TIA or stroke. Hence,
examinations should be conducted more carefully.

CONCLUSION

In this study, serum PDCD11-Ab levels were found
elevated in patients with TIA when compared with HDs;
thus, it can serve as a biomarker for TIA. Moreover,
patients with elevated PDCD11-Ab levels may require a
more careful and intensive treatment.

MATERIALS AND METHODS

Ethical approval

This study was approved by the Local Ethical
Review Board of the Graduate School of Medicine, Chiba
University, as well as those of co-operating hospitals, and
it was performed in accordance with the principles of the
Declaration of Helsinki. Recombinant DNA studies were
performed with official permission from the Graduate
School of Medicine, Chiba University, and conducted in
conformity with the rules of the Japanese government.
Written informed consents were obtained from all
participants.

Sera from patients and healthy donors

Patients who suffered ischemic stroke and were
admitted to 3 participant hospitals within 2 weeks from
stroke onset were included in the study. Healthy donors
(HDs) included individuals without a history of ischemic
stroke who underwent medical checkups including
cerebral MRI. Patients with autoimmune diseases were
excluded from this study. The study population consisted
of 3 independent cohorts: first screening, second screening,
and validation cohort.

Twenty Japanese adults with TIA were selected
for the first screening cohort, and the second screening
involved 96 patients with acute cerebral infarction (aCI)
and 96 HDs. In order to evaluate relations between
antibody levels and other clinical parameters associated
with ischemic stroke, 621 patients and 285 HDs were
allocated to the validation cohort. Of 621 patients in the
validation cohort, 65, 464, and 92 suffered chronic cerebral
infarction (cCI), aCl, and TIA. Clinical characteristics
of patients and HDs are shown in Table 4. Furthermore,
to validate the relations of antibody levels with acute
myocardial infarction (AMI) and diabetes mellitus (DM),
each 128 age-matched patients and HDs were selected.

Sera of patients with TIA, cCI, and aCl were
obtained from Chiba Prefectural Sawara Hospital, Chiba
Rosai Hospital, and Chiba Aoba Municipal Hospital.
Sera of patients with AMI and DM were obtained from
Kyoto University Hospital and Chiba University Hospital,
respectively. Sera of HDs were obtained from Chiba
Prefectural Sawara Hospital, Higashi Funabashi Hospital,
and Port Square Kashiwado Clinic. After collection,
samples were centrifuged at 3,000 xg for 10 min at room
temperature, and the supernatants were stored at -80°C
until use. Repeated thawing and freezing of samples were
avoided.

Clinical data

Data regarding the risk factors for atherosclerosis,
including age, gender, hypertension, diabetes,
hyperlipidemia, cardiovascular disease (CVD), obesity,
and smoking were collected from patients’ clinical
records. Hypertension was defined as a history of systolic
blood pressure > 140 mmHg, diastolic blood pressure >
90 mmHg, or use of antihypertensive agents. Diabetes was
defined as having a history of diabetes diagnosed and/or
treated with medication and/or fasting blood glucose >
126 mg/dl. Hyperlipidemia was defined as a history of
total cholesterol > 220 mg/dL, triglycerides > 150 mg/
dL, or use of lipid-lowering agents. CVD was defined
the presence of myocardial infarction or angina pectoris
histories. Patients were considered smokers if they smoked
during the study period or had a history of smoking, and
obesity was defined as body mass index (BMI) > 25. The
definition of TIA was determined by the presence of a
transient episode of neurological dysfunction caused by
focal brain, spinal cord, or retinal ischemia, without acute
infarction [32].

Screening by expression cloning

Immunoscreening was performed using a modified
version of previously published methods [18-20, 33,
34]. We used a commercially available human aortic
endothelial cell cDNA library (Uni-ZAP XR Premade
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Library, Stratagene, La Jolla, CA) to screen for clones
that were immunoreactive against sera of patients with
TIA. Escherichia coli (E. coli) XL1-Blue MRF' was
infected with Uni-ZAP XR phage, and the expression
of resident cDNA clones was induced after blotting
inflectional bacteria onto nitrocellulose membranes
(NitroBind, Osmonics, Minnetonka, MN), which were
pretreated with 10 mM isopropyl-B-D-thiogalactoside
(IPTG) (Wako Pure Cemicals, Osaka, Japan) for 30 min.
Membranes with bacterial proteins were washed 3 times
with TBS-T [20 mM Tris-HCI (pH 7.5), 0.15 M NaCl and
0.05% Tween-20], and nonspecific binding was blocked
by incubating membranes with 1% protease-free bovine
serum albumin (Nacalai Tesque, Inc., Kyoto, Japan) in
TBS-T for 1 h. Membranes were then incubated overnight
with 1:2000 diluted sera of patients. After 3 washes with
TBS-T, membranes were incubated for 1 h with 1:5000
diluted alkaline phosphatase-conjugated goat anti-human
IgG (Jackson ImmunReseach Laboratories, West Grove,
PA). Positive reactions were visualized by incubating
membranes in a color development solution [100 mM Tris-
HCI (pH 9.5), 100 mM NaCl, 5 mM MgCl, ] containing
0.15 mg/ml of 5-bromo-4-chloro-3-indolylphospate (Wako
Pure Chemicals) and 0.3 mg/ml of nitro blue tetrazolium
(Wako Pure Chemicals). Positive clones were re-cloned
for 2 additional times in order to obtain monoclonality as
previously described [18-20, 33, 34].

Sequence analysis of identified antigens

Monoclonalized phage cDNA clones were
converted to pBluescript phagemids by in vivo excision
using ExAssist helper phage (Stratagene). Plasmid
DNA was obtained from the E. coli SOLR strain after
transformation with the phagemid. Inserted cDNAs
were sequenced and analyzed for homology with a
public database provided by the National Center for
Biotechnology Information (NCBI) (http://www.ncbi.nlm.
nih.gov/Blast.cgi/).

Construction of expression vectors

The expression plasmids of glutathione-S-
transferase (GST)-fused proteins were constructed
by recombining the cDNA sequences into pGEX-4T
vectors (GE Healthcare Life Sciences, Pittsburgh, PA),
as previously described [18-20, 34]. The pBluescript
plasmids containing cDNA inserts were digested
with EcoRI and Xhol and separated via agarose gel
electrophoresis. Inserted cDNA fragments were isolated
using GenElute™ Minus EtBr Spin Columns (Merck,
Darmstadt, Germany) and were ligated in frame to pGEX-
4T using a Ligation-Convenience Kit (Nippon Gene,
Toyama, Japan). Ligation mixtures were used to transform
ECOS™-competent E. coli BL-21 (Nippon Gene).

Purification of recombinant candidate protein

Transformed E. coli BL-21 cells containing pGEX-
4T clones were cultured in 200 ml of Luria broth and
treated with 0.1 mM IPTG for 3 h. IPTG-treated cells
were then harvested, washed with phosphate-buffered
saline (PBS), and lysed by sonication in BugBuster
Master Mix (Merck). Subsequently, cell lysates were
centrifuged at 13,000 x g for 10 min at 4°C. Precipitates
containing recombinant proteins were dissolved in 8§ M
urea in TED buffer [SO mM Tris-HCI (pH 8.0), 1 mM
EDTA, and 1 mM dithiothreitol], followed by stepwise
dialysis using 4 M and 2 M urea in TED buffer for 1 h
each. Samples were further dialyzed using TED buffer
for more than 12 h and were centrifuged at 10,000 x g
for 30 min at 4°C. Recombinant proteins recovered in the
supernatant were purified using glutathione-Sepharose
column chromatography (GE Healthcare Life Sciences)
according to the manufacturer’s instructions, and the
purified proteins were concentrated using Amicon Ultra-15
Centrifugal Filter Device (Merck) [35].

Western blotting

GST and GST-PDCDI11 proteins (0.4 pg) were
electrophoresed on SDS-polyacrylamide gels followed
by western blotting using anti-GST antibody (Rockland,
Gilbertsville, PA) or sera from patients with aCI or TIA.
After incubation with horseradish peroxidase-conjugated
secondary antibody, immunoreactivity was detected with
Immobilon (Merck), as previously described [18, 36, 37].

AlphaLISA

Amplified luminescent proximity homogeneous
assay-linked immunosorbent assay (AlphalLISA) was
performed using 384-well microtiter plates (white opaque
OptiPlate™, Perkin Elmer, Waltham, MA) containing
2.5 ul of 1:100 diluted sera and 2.5 pl of GST or GST-
fusion proteins (10 pg/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). 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 ul of 40 pg/ml) were added and incubated further
for 7 days at room temperature in the dark. The chemical
emission was examind using EnSpire Alpha microplate
reader (Perkin Elmer). Specific reactions were calculated
by subtracting Alpha values of GST control from the
values of GST-fusion proteins.
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Immnohistochemistry

Tissue samples were obtained from surgically
resected brain of a patient with cerebral infarction. The
samples were fixed with formalin and embedded in
paraffin. The samples were pretreated by heating them
in a heating citrate buffer at 98°C for 40 min. The first
antibodies used were the monoclonal anti-human PDCD11
antibody (Atras Antibodies, Stockholm, Sweden) at a
diluteion of 1:100 and incubated overnight at 4°C. The
specimens were incubated with biotin-labeled rabbit anti-
mouse/rabbit-IgG secondary antibody and, next, with
streptavidin-labeled peroxidase. Section were counter-
stained with hematoxylin after the DAB reaction as
described in the literature [12].

Statistical analyses

For continuous variables, Mann-Whitney U test
or Kruskal-Wallis test were performed as appropriate.
For categorical variables, chi-square test was performed.
Univariate and multivariate logistic regression analyses
were performed to identify the set of variables that could
classify participants according to the presence of a history
of ischemic stroke. The cutoff value of PDCD11-Ab levels
for predicting stroke was determined to maximize the
sum of sensitivity and specificity by receiver operating
characteristic (ROC) curve analysis. All comparisons
were planned and the tests were two-tailed. A p value
of less than 0.05 was considered statistically significant.
Univariate and multivariate logistic regression analyses
and ROC curve analyses were performed using JMP
Pro 13.0.0 software (SAS Institute Inc., NC), and other
analyses were done using GraphPad Prism 5 (GraphPad
Software, La Jolla, CA).

Author contributions

YY carried out the experiments, performed the
statistical analysis and drafted the manuscript. TH
conceived of the study, and participated in its design
and coordination and helped to draft the manuscript. TM
performed the screening by expression cloning and helped
to draft the manuscript. HW, XZ performed the screening
by expression cloning. EK, MT, YI participated in the
design of the study. SM, HT, KK, IK, HS, TW, AA, EN,
KO, MT, KY collected the blood sampling and performed
the statistical analysis. GT, RN, NS, HK carried out the
purification of antigen proteins. ST helped to perform
the statistical analysis, and JM helped to perform the
immunohistchemistry. All authors read and approved the
final manuscript.

ACKNOWLEDGMENTS

The authors thank Dr. Kazuo Sugimoto (Department
of Biochemistry and Genetics, Graduate School of
Medicine, Chiba University), and Ms. Keiko Ilida
(Department of Frontier Surgery, Graduate School of
Medicine, Chiba University) for the support on the
experiments. The authors would like to thank Enago
(www.enago.jp) for the English language review.

CONFLICTS OF INTEREST

This work was performed in collaboration with
Fujikura Kasei Co., Ltd. GT, RN, NS and HK are
employees of Fujikura Kasei Co., Ltd.

FINANCIAL SUPPORT

This work was supported, in part, by research
grants from the Japan Agency for Medical Research and
Development (AMED) (Practical Research Project for
Life-Style related Diseases including Cardiovascular
Diseases and Diabetes Mellitus), Japan Science and
Technology Agency (JST), and the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) in
Japan.

REFERENCES

1. HaoY, Tian S, Sun M, Zhu Y, Nie Z, Yang S. Association
between matrix metalloproteinase gene polymorphisms
and development of ischemic stroke. Int J Clin Exp Pathol.
2015; 8:11647-11652.

2. Zhang ZG, Zhang L, Jiang Q, Zhang R, Davies K, Powers
C, Bruggen Nv, Chopp M. VEGF enhances angiogenesis
and promotes blood-brain barrier leakage in the ischemic
brain. J Clin Invest. 2000; 106:829-838.

3. Chen B, Zhang F, Li QY, Gong A, Lan Q. Protective effect
of Ad-VEGF-Bone mesenchymal stem cells on cerebral
infarction. Turk Neurosurg. 2016; 26:8-15.

4. Ross R, Glomset JA. The pathogensis of atherosclerosis. N
Engl J Med. 1976; 295:369-377.

5. Ross R. Atherosclerosis — an inflamematory disease. N
Engl J Med. 1999; 340:115-126.

6. Jonasson L, Holm J, Skalli O, Bondjers G, Hansson GK.
Regional accumulations of T cells, macrophages, and
smooth muscle cells in the human atherosclerotic plaque.
Arteriosclerosis. 1986; 6:131-138.

7.  Hansson GK, Holm J, Jonasson L. Detection of activated
T lymphocytes in the human atherosclerotic plaque. Am J
Pathol. 1989; 135:169-175.

8. Xu QB, Oberhuber G, Gruschwitz M, Wick G. Immunology
of atherosclerosis: cellular composition and major
histocompatibility complex class II antigen expression

www.impactjournals.com/oncotarget

8846

Oncotarget



10.

12.

13.

14.

15.

16.

17.

18.

19.

in aortic intima, fatty streaks, and atherosclerotic plaques
in young and aged human specimens. Clin Immunol
Immunopathol. 1990; 56:344-359.

Carbone F, Nencioni A, Mach F, Vuilleumier N,
Montecucco F. Evidence on the pathogenic role of auto-
antibodies in acute cardiovascular diseases. Thromb
Haemost. 2013; 109:854-868.

Sahin U, Tiireci O, Schmitt H, Cochlovius B, Johannes T,
Schmits R, Stenner F, Luo G, Schobert I, Pfreundschuh
M. Human neoplasms elicit multiple specific immune
responses in the autologous host. Proc Natl Acad Sci USA.
1995;92:11810-11813.

. Chen YT, Scanlan MJ, Sahin U, Tiireci O, Gure AO, Tsang

S, Williamson B, Stockert E, Pfreundschuh M, Old LJ. A
testicular antigen aberrantly expressed in human cancers
detected by autologous antibody screening. Proc Natl Acad
Sci USA. 1997; 94:1914-1918.

Shiratori T, Shimada H, Kagaya A, Kuboshima M, Nabeya
Y, Machida T, Goto K, Takiguchi M, Ochiai T, Hiwasa T.
Sensitization against anticancer drugs by transfection with
UBEZ21 variant gene into ras-NIH3T3 mouse fibroblasts.
Anticancer Res. 2007; 27:3227-3234.

Kagaya A, Shimada H, Shiratori T, Kuboshima M,
Nakashima-Fujita K, Yasuraoka M, Nishimori T, Kurei
S, Hachiya T, Murakami A, Tamura Y, Nomura F, Ochiai
T, et al. Identification of a novel SEREX antigen family,
ECSA, in esophageal squamous cell carcinoma. Proteome
Sci. 2011; 9:31.

Shimada H, Ito M, Kagaya A, Shiratori T, Kuboshima M.
Elevated serum antibody levels against cyclin L2 in patients
with esophageal squamous cell carcinoma. J Cancer Sci
Ther. 2015; 7:60-66.

Linke AT, Marchant B, Marsh P, Frampton G, Murphy
J, Rose ML. Screening of a HUVEC cDNA library with
transplant-associated coronary artery disease sera identifies
RPL7 as a candidate autoantigen associated with this
disease. Clin Exp Immunol. 2001; 126:173-179.

Kaneko M, Ono T, Matsubara T, Yamamoto Y, Ikeda
H, Yoshiki T, Furukawa S, Nakayama E. Serological
identification of endothelial antigens predominantly
recognized in Kawasaki disease patients by recombinant
expression cloning. Microbiol Immunol. 2004; 48:703-711.
Kim J, Kim SK, Wang KC, Kim HY, Jeoung D. SEREX
identification of the autoantibodies that are prevalent in
the cerebrospinal fluid of patients with moyamoya disease.
Biotechnol Lett. 2004; 26:585-588.

Machida T, Kubota M, Kobayashi E, Iwadate Y, Saeki N,
Nomura F, Takiguchi M, Hiwasa T. Identification of stroke-
associated-antigens via screening of recombinant proteins
from the human expression cDNA library (SEREX). J
Translat Med. 2015; 13:71.

Hiwasa T, Zhan XM, Kimura R, Machida T, Kitamura K.
Association of serum antibody levels against TUBB2C with
diabetes and cerebral infarction. Integ Biomed Sci. 2015;

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

1:49-63.

Hiwasa T, Machida T, Zhang XM, Kimura R, Wang H,
Iwase K, Ashino H, Taira A, Arita E, Mine S, Ohno M,
Chen PM, Nishi E, et al. Elevated levels of autoantibodies
against ATP2B4 and BMP-1 in sera of patients with
atherosclerosis-related diseases. Immunome Res. 2015;
11:097.

Wang Y, Wang Y, Zhao X, Liu L, Wang D, Wang C,
Wang C, Li H, Meng X, Cui L, Jia J, Dong Q, Xu A, et al.
Clopidogrel with asprin in acute minor stroke or transient
ischemic attack. N Engl J Med. 2013; 369:11-19.

Sweet T, Khalili K, Sawaya BE, Amini S. Identification of a
novel protein from glial cells based on its ability to interact
with NF-kappaB subunits. J Cell Biochem. 2003; 90:884-
891.

Sweet T, Yen W, Khalili K, Amini S. Evidence for
involvement of NFBP in processing of ribosomal RNA. J
Cell Physiol. 2008; 214:381-388.

Lacana E, D’ Adamio L. Regulation of Fas ligand expression
and cell death by apoptosis-linked gene 4. Nature Med.
1999; 5:542-547.

Risti¢ T, Djordjevi¢ VB, Deljanin-Ili¢ M, Cosi¢ V, Kundali¢
S. Serum Fas/FasL levels in dependence on clinical
presentations of coronary disease and their relationship with
risk factors. Vojnosanit Pregl. 2010; 67: 537-542.

Niu FN, Zhang X, Hu XM, Chen J, Chang LL, Li JW, Liu
Z, Cao W, Xu Y. Targeted mutation of Fas ligand gene
attenuates brain inflammation in experimental stroke. Brain
Behav Immun. 2012; 26: 61-71.

Nakamura R, Tomiyoshi G, Shinmen N, Kuroda H,
Kudo T, Doi H, Mine S, Machida T, Kamitsukasa I,
Wada T, Aotsuka A, Kobayashi E, Yoshida Y, et al. An
anti-deoxyhypusine synthase antibody as a marker of
atherosclerosis-related cerebral infarction, myocardial
infarction, diabetes mellitus, and chronic kidney disease.
SM Atheroscler J. 2017; 1: 1001.

Hiwasa T, Tomiyoshi G, Nakamura R, Shinmen N,
Kuroda H, Kunimatsu M, Mine S, Machida T, Sato E,
Takemoto M, Hattori A, Kobayashi K, Kawamura H, et al.
Serum SH3BP5-specific antibody level is a biomarker of
atherosclerosis. Immunome Res. 2017; 13: 132.

Johnson SC, Fayed PB, Gorelick PB, Hanley DF, Shwayder
P, van Husen D, Weiskopf T. Prevalence and knowledge
of transient ischemic attack among US adults. Neurology.
2003; 60: 1429-1434.

Rothwell PM, Giles MF, Chandratheva A, Marquardt L,
Geraghty O, Redgrave JN, Lovelock CE, Binney LE, Bull
LM, Cuthbertson FC, Welch SJ, Bosch S, Alexander FC, et
al. Effect of urgent treatment of transient ischemic attack
and minor stroke on early recurrent stroke (EXPRESS
study): a prospective population-based
comparison. Lancet. 2007; 370: 1432-1442.

Zock E, Kerkhoff H, Kleyweq RP. [Initial reactions of
patients after stroke: more than half undertake no action].

sequential

WWW

.impactjournals.com/oncotarget

8847

Oncotarget



32.

33.

34.

[Article in Dutch]. Ned Tijdschr Geneeskd. 2012; 156:
A4336.

Easton JD, Saver JL, Albers GW, Alberts MJ, Chatuvedi
S, Feldmann E, Hatsukami TS, Higashida RT, Johnston
SC, Kidwell CS, Lutsep HL, Miller E, Sacco RL, et al.
Definition and evaluation of transient ischemic attack: a
scientific statement for healthcare professionals from the
American Heart Association/American Stroke Association
Stroke Council; Council on Cardiovascular Surgery and
Anesthesia; Council on Cardiovascular Radiology and
Intervention; Council on Cardiovascular Nursing; and the
Interdisciplinary Council on Peripheral Vascular Disease.
The American Academy of Neurology affirms the value
of this statement as an educational tool for neurologists.
Stroke. 2009; 40: 2276-2293.

Matsutani T, Hiwasa T, Takiguchi M, Oide T, Kunimatsu
M, Sacki N, Iwadate Y. Autologous antibody to src-
homology 3-domain GRB2-like 1 specifically increases
in the sera of patients with low-grade gliomas. J Exp Clin
Canc Res. 2012; 31:85.

Muto M, Mori M, Hiwasa T, Takiguchi M, Iwadate Y,
Uzawa A, Uchida T, Masuda H, Sugimoto K, Kuwabara
S. Novel serum autoantibodies against talinl in multiple
sclerosis: Possible pathogenetic roles of the antibodies. J
Neuroimmunol. 2015; 284:30-36.

35.

36.

37.

Kuboshima M, Shimada H, Liu TL, Nomura F, Takiguchi
M, Hiwasa T, Ochiai T. Presence of serum tripartite motif-
containing 21 antibodies in patients with esophageal
squamous cell carcinoma. Cancer Sci. 2006; 97:380-386.

Nakashima K, Shimada H, Ochiai T, Kuboshima M,
Kuroiwa N, Okazumi S, Matsubara H, Nomura F,
Takiguchi M, Hiwasa T. Serological identification of
TROP2 by recombinant cDNA expression cloning using
sera of patients with esophageal squamous cell carcinoma.
Int J Cancer. 2004; 112:1029-1035.

Shimada H, Shiratori T, Yasuraoka M, Kagaya A,
Kuboshima M, Nomura F, Takiguchi M, Ochiai T,
Matsubara H, Hiwasa T. Identification of Makorin 1 as
a novel SEREX antigen of esophageal squamous cell
carcinoma. BMC Cancer. 2009; 9:232.

www.impactjournals.com/oncotarget

8848

Oncotarget



