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Abstract

Background: Growth arrest and DNA-damage-inducible gene 34 (GADD34) has been identified as an antigen
by serological identification of antigens by cDNA expression cloning (SEREX) using the sera of patients with
atherosclerosis. It is possible that GADD34 is associated with atherosclerosis-related diseases such as diabetes
mellitus (DM), acute-phase cerebral infarction (aCl), cardiovascular disease (CVD), and chronic kidney disease
(CKD) as well as endoplasmic reticulum stress-related Parkinson disease (PD).

Methods: GADD34 protein was bacterially expressed and purified. Amplified luminescent proximity homogeneous
assay (AlphaLISA) was used to evaluate serum antibody levels against GADD34 protein in serum samples.

Results: AlphaLISA revealed significantly higher serum antibody levels against GADD34 protein in patients
with DM, aCl and CVD than those in healthy donors (HDs). The difference in levels between DM and HD was more
prominent than that between aCl or CVD and HDs. The anti-GADD34 antibody levels were also elevated in the sera
of diabetic CKD patients; thus, the anti-GADD34 antibodies appeared to be the most associated with DM, which
is also a risk factor of PD. Anti-GADD34 antibody levels were also higher in patients with PD but not in those with

the pathophysiological relationship between DM and PD.

amyotrophic lateral sclerosis as compared with those in HDs.

Conclusion: Anti-GADD34 antibody may be a useful diagnostic tool for DM and PD. GADD34 may account for

Keywords: GADD34; PPP1R15A; Parkinson disease; Diabetes

mellitus; Serum antibody biomarker

Abbreviations: ABI, ankle-branchial index; aCl, acute-phase cerebral
infarction; ALB, albumin; AlphaLISA, amplified luminescence proximity
homogeneous assay-linked immunosorbent assay; ALS, amyotrophic
lateral sclerosis; AST, aspartate aminotransferase; ATF4, activating
transcription factor 4; Atgl2, autophagy 12; ATP2B4, ATPase, Ca**-
transporting, plasma membrane 4; AUC, area under the ROC curve;
BMI, body mass index; BMP-1, bone morphogenetic protein 1; CAVI,
cardio-ankle vascular index; CHOP, C/EBP homologous protein; CI,
confidence interval; CKD, chronic kidney disease; CRE, creatinine; CVD,
cardiovascular disease; DHPS, deoxyhypusine synthase; DM, diabetes
mellitus; ECSA, esophageal carcinoma SEREX antigen; ER, endoplasmic
reticulumy; E. coli, Escherichia coli; GAD65, 65kDa form of glutamic acid
decarboxylase; GADD3, growth arrest and DNA-damage-inducible gene
34; GST, glutathione-S-transferase; Hb, hemoglobin; HbAlc, glycated
hemoglobin; HD, healthy donor; HDL-C, high-density lipoprotein
cholesterol; Hsp, heat shock protein; IA-2, insulinoma antigen 2; LDL-C,
low-density lipoprotein cholesterol; LRRK2, leucine- rich repeat kinase
2; max IMT, maximum intima-media thickness; PD, Parkinson disease;
PERK, protein kinase RNA-like endoplasmic reticulum kinase; PINK1,
PTEN-induced putative kinase 1; PRKN, parkin RBR E3 ubiquitin protein
ligase; ROC, receiver operating curve; RPA2, replication protein A2;

SD, standard deviation; SEREX, serological identification of antigens by
recombinant cDNA expression cloning; SH3BP5, SH3 domain-binding
protein 5; SH3GL1, SH3-domain GRB2- like 1; s-GADD34-Abs, serum
anti-GADD34 antibodies; SNCA, a-synuclein; SOSTDCI, sclerostin
domain-containing protein 1; TACSTD2, tumor-associated calcium
signal transducer 2; TRIM21, tripartite motif-containing 21; TUBB2C,
tubulin beta-2C; ZnTS8, zinc transporter 8.

Introduction

Parkinson disease (PD) is a common neurodegenerative disease
with core pathological features including progressive dopaminergic
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neuron loss in the substantia nigra and the accumulation of
intraplasmic a-synuclein (SNCA), which forms Lewy bodies [1]. Main
motor symptoms of PD are tremor, slowness of movement, rigidity
and poor balance, in addition to the non-motor symptoms represented
by neuropsychiatric conditions (dementia, depression), sleep-related
disorder), autonomic dysfunction (constipation, urinary disturbance,
etc.) and sensory symptoms including reduced olfactory function [2].
The accurate diagnosis in early sage PD is still difficult, mainly due
to the lack of disease-specific biomarkers. Therefore, fluid diagnostic
biomarkers of sporadic PD is still of need.

Genetic and environmental factors are considered as a pivotal role
in the pathogenesis of PD. There are two major protein degradation
pathways in eukaryotic cells: the ubiquitin-proteasome system and
the autophagy-lysosome pathway (ALP) [3]. Protein synthesis and
degradation are maintained in in equilibrium, which preserves the
intracellular environment. Lately, studying the causal relationship
between neuronal autophagy and PD has become a topic of interest.
Additionally, genetic mutations in PD including SNCA, LRRK2, PINK1
and PRKN are involved in the dysfunction in ALP system [4-6]. An
autophagosome formation and altered degradation of intracellular
proteins may be the major pathogenetic pathway of PD. On the other
hand, biochemical analysis of the brains of patients with PD indicates
that endoplasmic reticulum (ER) stress is also one of the main drivers
of dopaminergic neuronal loss [7]. ER stress is normally involved in
the steady state regulation of the protein quality control pathway, and
is typically evoked when there is an increase in the false folding and
aggregation of proteins [8]. In sum, dysfunction of protein quality
control is underlying pathophysiological basis in PD [9].

In this study, we identified growth arrest and DNA-damage-
inducible gene 34 (GADD34; protein phosphatase 1, regulatory
subunit 15A/PPP1R15A), as an antigen recognized by serum IgG in
patients with ischemic stroke [10]. On the unfolded protein response,
translation factor eIF2a is phosphorylated by activated PERK, and the
phosphorylated elF2a induces global repression of protein synthesis
except transcription factor ATF4, which then transactivates autophagy-
inducing  Atgl2, apoptosis/autophagy-inducing CHOP and
GADD34 [11]. Increased GADD34 can dephosphorylate eIF2a to
resume protein synthesis including insulin [12,13]. Phosphorylated
PERK and phosphorylated eIF2a were co-localized with SNCA in
Lewy bodies of dopaminergic neurons of patients with PD [14].
GADD34 may have a suppressive role in the induction of autophagy.
We examined anti-GADD?34 antibody levels in patients with PD as well
as with other atherosclerosis-related diseases such as diabetes mellitus
(DM), acute-phase cerebral infarction (aClI), cardiovascular disease
(CVD) and chronic kidney disease (CKD).

Materials and Methods

Patient and healthy donor (HD) sera

This study was approved by the Local Ethical Review Boards of
the Chiba University Graduate School of Medicine (Chiba, Japan),
the Kumamoto University Graduate School of Medicine (Kumamoto,
Japan) and the Chiba Prefectural Sawara Hospital (Chiba, Japan).
Sera were collected from patients who had provided written informed
consent. Each serum sample was centrifuged at 3,000x g for 10 min and
the supernatant was stored at —80°C until use. Repeated thawing and
freezing of samples were avoided.

Serum samples from HDs and patients with DM, CVD, PD
and amyotrophic lateral sclerosis (ALS) were obtained from Chiba
University Hospital. Samples from patients with aCI were obtained

from Chiba Prefectural Sawara Hospital. Samples from patients with
CKD were from the Kumamoto cohort [15,16].

Expression and purification of GADD34 protein

Glutathione S-transferase (GST)-tagged GADD34 protein and
control GST protein were expressed in Escherichia coli (E. coli) and
were purified by glutathione-Sepharose (GE Healthcare Life Sciencess,
Pittsburgh, PA) column chromatography as described previously
[10,17,18].

Amplified luminescence proximity homogeneous assay
(AlphaLISA)

AlphalISA was performed in 384-well microtiter plates (white
opaque OptiPlate’, PerkinElmer, Waltham, MA) containing either 2.5
uL of 1:100-diluted serum with 2.5 pL of GST or GST-GADD34 protein
(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 7-10 h.
Anti-human IgG-conjugated acceptor beads (2.5 pL at 40 pg/mL)
and glutathione-conjugated donor beads (2.5 pL at 40 pg/mL) were
then added and incubated at room temperature in the dark for 7 days.
Chemical emissions were read on an EnSpire Alpha microplate reader
(PerkinElmer), as previously described [19-24]. Specific reactions were
calculated by subtracting the Alpha counts of the GST control from the
counts of GST-GADD34 fusion proteins.

Statistical Analyses

The Mann-Whitney U test and student’s t test were used to
determine the significance of differences between the two groups.
Correlations were calculated using Spearman’s rank-order correlation
analysis. All statistical analyses were performed using GraphPad Prism
5 (GraphPad Software, La Jolla, CA). The predictive values of putative
disease markers were assessed via receiver operating characteristic
(ROC) curve analysis, and cutoff values were set to maximize the sums
of sensitivity and specificity. All the tests were two-tailed and P values of
<0.05 were considered statistically significant.

Results

Elevation of serum antibody levels against GADD34 proteins
in patients with DM

We examined the levels of antibodies against GADD34 protein in
the sera of HDs and patients with DM or CVD, using the highly sensitive
and stable AlphaLISA method [19-24]. Levels of serum antibodies
against GADD34 protein (s-GADD34-Abs) were significantly higher
in samples from patients with DM than in those from HDs (P<0.0001;
Mann-Whitney U test) (Figure 1). At a cutoff value equivalent to the
average plus two SDs of the HD specimen values, the s-GADD34-Ab
positive rates in HDs and patients with DM were 3.7% and 32.0%,
respectively (Table 1). ROC analysis was performed to evaluate the
abilities of these antibody markers to detect DM. The area under the
ROC curve (AUC) for s-GADD34-Abs was 0.7803 (95% confidence
interval (CI): 0.7265-0.8341), yielding sensitivity and specificity values
of 60.7% and 85.2%, respectively, for the diagnosis of DM

Elevation of serum antibody levels against GADD34 proteins in
patients with aCI and CVD

Levels of s-GADD34-Abs were also significantly higher in
patients with aCI or CVD than in HDs but they were less prominent.
s-GADD34-Ab positivity rates in patients with aCI or CVD were 18.0%
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Figure 1: Comparison of serum GADD34-Ab levels between HDs and patients.
Patients included those with diabetes mellitus (DM) (a), acute-phase cerebral
infarction (aCl) (b), or cardiovascular disease (CVD) (c). GST-GADD34 protein
was used as the antigen. AlphaLISA-determined serum antibody levels after
subtraction of the levels against those of control GST are shown as box-whisker
plots displaying the 10th, 20th, 50th, 80th and 90th percentiles. P values calculated
using the Mann-Whitney U test are shown in a, ¢ and e. The total (male/female)
numbers, average values, standard deviations, cut-off values, positive numbers,
positive rates (%) and P values obtained using student's ¢ test are summarized
and shown in Tables 1-3. Receiver operating characteristic curve (ROC) analysis
was performed to assess the abilities of s-GADD34-Abs to detect DM, aCl and
CVD (b, d and f). Numbers in the figures indicate the area under the curve (AUC),
95% confidence intervals (Cl), and cutoff values for marker levels. Numbers within
parentheses indicate sensitivity (left) and specificity (right).

(Tables 2 and 3), were higher than those of patients with DM versus
HDs.

Elevation of levels of s-GADD34-Abs in patients with CKD

We then examined antibody levels in the sera of patients with
CKD, which is also closely related to atherosclerosis. CKD was divided
into three groups as follows: type 1, diabetic kidney disease; type 2,
nephrosclerosis; and type 3, glomerulonephritis. Patients from all three
groups of CKD had significantly higher serum levels of s-GADD34-Abs
than the HDs (Figure 2). The s-GADD34-Ab positivity rates in HDs and
patients with CKD type 1, type 2 and type 3 were 7.3%, 27.6%, 18.8%
and 16.3% (Table 4). P value of CKD type 1 versus HD was much lower

Sample information HD DM
Total sample number 81 275
Male/Female 46/35 158/117
Type 1 DM/Type 2 DM 0/0 26/216
Age (Average + SD) 45.20 + 10.95 63.12 £ 12.04

Alpha analysis (antibody level) GADD34-Ab

HD Average 1,077
SD 616
Cutoff value 2,308
Positive No. 3
Positive rate (%) 3.7%

DM Average 2,200
SD 1,855
Positive No. 88
Positive rate (%) 32.0%

P value (vs HD) <0.0001

Table 1: Comparison of the serum anti-GADD34 antibody levels between healthy
donors (HD) and patients with diabetes mellitus (DM). The upper panel includes
sample information, such as total sample numbers, numbers of male and female
specimens, numbers of type 1 and type 2 DM and average age + standard deviation
(SD) of the subjects. The lower panel summarizes the summary of serum antibody
levels examined by AlphaLISA. Purified GST-GADD34 and control GST proteins
were used as antigens. The average and SD antibody levels (Alpha counts), cut-off
values, positive numbers, and positive rates (%) are shown in the table. Cutoff values
were determined as the average HD values plus two SDs. Positive samples for which
the Alpha counts exceeded the cutoff value were scored. P values versus HD were
calculated using the students' t test. P values <0.05 and positive rates >10% are
marked in bold. Box-whisker plots of the same results are shown in Figure 1a.

and 10.4%, respectively (Tables 2 and 3). ROC analysis revealed that
AUCs of s-GADD34-Abs were 0.6927 (95% CI: 0.6376-0.7478) for
aCI and 0.5939 (95% CI: 0.5109-0.6769) for CVD, which were lower
than that for DM. The sensitivity and specificity were 53.1% and 76.8%,
respectively, for aCI and 62.7% and 52.7%, respectively, for CVD. The
P value of s-GADD34-AbD levels of patients with aCI or CVD versus
HDs calculated using the Mann-Whitney U test or the student’s ¢ test

Sample information HD aCl
Total sample number 138 228
Male/Female 87/51 129/99
Age (Average * SD) 51.63 +12.70 77.04 +11.08

Alpha analysis (antibody level) GADD34-Ab

HD Average 992
SD 552
Cutoff value 2,095
Positive No. 9
Positive rate (%) 6.5%

aCl Average 1,444
SD 764
Positive No. 41
Positive rate (%) 18.0%

P value (vs HD) 1.96E-10

Table 2: Comparison of serum antibody levels against GADD34 between HDs and
patients with acute-phase cerebral infarction (aCl) examined by AlphaLISA. The
antigens used were purified GST-GADD34 and control GST proteins. Numbers are
as described in Table 1. Box-whisker plots of the same results are shown in Figure 1c.
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Sample information HD CVvD
Total sample number 128 67
Male/Female 70/58 57/10
Age (Average + SD) 48.03 + 10.23 65.80 + 11.25

Alpha analysis (antibody level) GADD34-Ab

HD Average 3,045
SD 1,609
Cutoff value 6,263
Positive No. 6
Positive rate (%) 4.7%
CVD Average 3,733
SD 1,937
Positive No. 7
Positive rate (%) 10.4%
P (vs HD) 1.4.E-02

Table 3: Comparison of serum antibody levels against GADD34 between HDs and
patients with cardiovascular disease (CVD) examined by AlphaLISA. The antigens
used were purified GST-GADD34 and control GST proteins. Numbers are as
described in Table 1. Box-whisker plots of the same results are shown in Figure 1e.
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Figure 2: Comparison of serum GADD34-Ab levels between HDs and patients
with chronic kidney disease (CKD). Serum antibody levels against GST-GADD34
protein were compared between HDs and patients with CKD types 1, 2 and 3
(@). P values of CKD types 1, 2 and 3 versus HD controls are shown. Results are
presented as described in the legend of Figure 1. Averages, SDs, cut-off values,
total numbers, positive numbers, positive rates (%) and P values are shown in
Table 4. The abilities of s-GADD34-Abs to detect CKD types 1, 2 and 3 were also
evaluated using ROC analysis and shown in b, ¢ and d, respectively.

than those of CKD types 2 and 3. ROC analysis revealed that AUCs of
s-GADD34-Abs were 0.7357 (95% CI: 0.6683-0.8031) for CKD type 1,
0.7723 (95% CI: 0.6844-0.8602) for CKD type 2 and 0.6605 (95% CI:
0.5842-0.7368) for CKD type 3. The relatively high AUC values of CKD

type 2 may have been affected by low sample numbers (n=32).
Elevation of levels of s-GADD34-Abs in patients with PD

We then examined the levels of s-GADD34-Abs in the sera of

patients with PD or ALS. All serum specimens of HDs and patients
with PD or ALS were obtained from Chiba University Hospital. The
AlphaLISA results demonstrated that levels of s-GADD34-Ab were
significantly higher in patients with PD than in HDs, but not in patients
with ALS compared with the HDs (Figure 3). Using the cutoff values
described in the previous section, s-GADD34-Ab positivity rates in
HDs, patients with PD and those with ALS were 3.4%, 20.5%, and
11.8% (Table 5). ROC analysis revealed that the AUCs of s-GADD34-
Abs were 0.6354 (95% CI: 0.5445-0.7264) for PD and 0.5477 (95% CI:
0.4256-0.6697) for ALS. Serum GADD34 antibodies were found to be
useful as a diagnostic marker of PD, but not of ALS.

Correlation analysis

Spearman’s correlation analysis was performed to determine the
correlation between s-GADD34-Ab levels and subject parameters,
which included general information, such as age, body height,
body weight and body mass index (BMI); degree of artery stenosis,
including the maximum intima-media thickness (max IMT), plaque
score, cardio-ankle vascular index (CAVI, right and left) and ankle-
branchial index (ABI, right and left); and smoking habit duration
(years). The following blood test data were also included; low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), total cholesterol,

aminotransferase (AST), alkaline phosphatase, lactate dehydrogenase,

alanine aminotransferase, aspartate

y-glutamyl transpeptidase, total protein, albumin (ALB), creatinine
(CRE), hemoglobin Alc (HbAlc), triglyceride, blood urea nitrogen,
total bilirubin, ferritin, iron, sodium, chlorine, potassium, calcium,
phosphate, magnesium, hemoglobin (Hb), hematocrit, red blood cell
count, white blood cell count and platelet cell count [19-21,23,24].
The s-GADD34-Ab level was found to significantly correlate with
artery stenosis including max IMT, plaque score, and CAVT (right and
left), but not with ABI, suggesting that s-GADD34-Ab distinguishes
atherosclerosis in upper body (Table 6). The results also indicated a
significant association of antibody levels with age, AST and ferritin but
they indicated an inverse correlation with HDL-C, ALB, CRE, Hb and
platelet number.

Discussion

Currently, an increasing number of humoral antibody markers
for diseases have been reported, including oxidized low-density
lipoprotein and heat shock protein (Hsps) in CVD, Hsp60 in stroke,
insulin, GAD65, IA-2 and ZnT8 in type-1 DM and p53 in cancer [25-
33]. Such antibody markers are useful not only as diagnostic tools
but also as probes to investigate pathomechanisms, as exemplified by
insulin, GAD65, IA-2 and AcT8 in type-1 DM [34]. We also identified
the following autoantibody-recognized antigens by recombinant
cDNA expression cloning (SEREX) method or protein array method:
TACSTD2, TRIM21, makorinl and ECSA in esophageal squamous
cell carcinoma, SH3GL1 and filamin C in low-grade glioma, talin-1 in
multiple sclerosis, RPA2 and SOSTDCI in ischemic stroke, TUBB2C
and adiponectin in DM, and ATP2B4, BMP-1, DHPS, and SH3BP5
in arteriosclerosis-related diseases [10,17-39]. The most prominent
features of antibody markers are the large variation of the antibody
levels induced by repeated exposure of small amounts of antigens and
an easy measurement of stable immunoglobulins.
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Sample information HD Type 1-CKD Type 2-CKD Type 3-CKD
Total sample number 82 145 32 123
Male/Female 44/38 106/39 21/11 70/53
Age (Average + SD) 4410 £ 11.19 66.04 + 10.38 76.03+£9.78 61.98 + 11.69
Alpha analysis (antibody level) GADD34-Ab
HD Average 923
SD 723
Cutoff value 2,369
Positive No. 6
Positive rate (%) 7.3%
Type 1-CKD Average 2,006
SD 2,085
Positive No. 40
Positive rate (%) 27.6%
P (vs HD) 4.8.E-08
Type 2-CKD Average 1,635
SD 850
Positive No. 6
Positive rate (%) 18.8%
P (vs HD) 1.2.E-04
Type 3-CKD Average 1,438
SD 1,158
Positive No. 20
Positive rate (%) 16.3%
P (vs HD) 1.2.E-04

Table 4: Comparison of serum antibody levels against GADD34 between HDs and patients with chronic kidney disease (CKD) examined by AlphaLISA. CKD types -1, -2
and -3 are diabetic kidney disease, nephrosclerosis, and glomerulonephritis, respectively. The antigens used were purified GST-GADD34 and control GST proteins. Shown
numbers are as described in Table 1. Box-whisker plots of the same results are shown in Figure 2a.
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Figure 3: Comparison of serum GADD34-Ab levels between HDs and patients with Parkinson disease (PD) or amyotrophic lateral sclerosis
(ALS). GST-GADD34 and control GST proteins were used as antigens. Serum antibody levels were examined by AlphaLISA and are shown
as box-whisker plots (a), as described in the legend of Figure 1. The same results are summarized in Table 5. Responses to s-GADD34-Abs
to detect PD (b) or ALS (c) were also evaluated using ROC analysis as described in the legend of Figure 1.
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Sample information HD PD ALS
Total sample number 58 83 34
Male/Female 35/23 37/46 22/12
Age (Average + SD) 43.10 £ 12.93 67.40 + 11.40 62.18 £ 12.80
Alpha analysis (antibody level) GADD34-Ab
HD Average 14,245
SD 5,058
Cutoff value 24,361
Positive number 2
Positive rate (%) 3.4%
PD Average 17,909
SD 8,334
Positive number 17
Positive rate (%) 20.5%
P (vs HD) 0.0015
ALS Average 15,374
SD 5,959
Positive number 4
Positive rate (%) 11.8%
P (vs HD) 0.358

Table 5: Comparison of serum anti-GADD34 antibody levels between HDs and patients with Parkinson disease (PD) or amyotrophic lateral sclerosis (ALS) examined by
AlphaLISA. Numbers are as described in Table 1. Box-whisker plots of the same results are shown in Figure 3a.

Spearman
Subjects' information Abbreviation rvalue P value
General Age 0.179 0.0019
Body height Height -0.053 0.3653
Body weight Weight -0.088 0.1302
Body mass index BMI -0.070 0.2308
Artery stenosis Maximum intima-media thickness max IMT 0.151 0.0091
Plague Score 0.193 0.0009
Cardio ankle vascular index (right) CAVI (R) 0.221 0.0002
Cardio ankle vascular index (left) CAVI (L) 0.178 0.0027
Ankle-branchial index (right) ABI (R) -0.060 0.3040
Ankle-branchial index (left) ABI (L) -0.104 0.0759
Life style Smoking habit period 0.054 0.3573
Blood test LDL-cholesterol LDL-C -0.037 0.5193
HDL-cholesterol HDL-C -0.132 0.0222
Total cholesterol T-CHO -0.076 0.1906
Alanine aminotransferase ALT (GPT) 0.057 0.3240
Aspartate aminotransferase AST (GOT) 0.216 0.0002
Alkaline phosphatase ALP 0.075 0.1970
Lactate dehydrogenase LDH 0.083 0.1501
Gamma-glutamyl transpeptidase y-GTP 0.030 0.6004
Total Protein TP -0.047 0.4165
Albumin ALB -0.189 0.0010
Creatinin CRE -0.173 0.0027
Hemoglobin A1c HbA1c -0.145 0.0795
Triglyceride TG -0.020 0.7238
Blood urea nitrogen BUN -0.100 0.0851
Total bilirubin tBil 0.071 0.2179
Ferritin 0.205 0.0003
Iron Fe -0.110 0.0580
Sodium Na -0.005 0.9317
Chlorine Cl 0.014 0.8061
Potassium K -0.051 0.3775
Calcium Ca -0.106 0.0663
Phosphate P 0.038 0.5091
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Magnesium Mg 0.016 0.7786
Hemoglobin Hb -0.142 0.0138
Hamatocrit He -0.104 0.0714
Red blood cell number RBC -0.101 0.0811
White blood cell number WBC -0.088 0.1278
Platelet number PLT -0.241 <0.0001

Table 6: Correlation analysis of s-GADD34-Ab levels with data on subjects in the Kumamoto cohort. Correlation coefficients (r values) and P values were obtained through
Spearman's rank-order correlation analysis, as shown. Widely used abbreviations are also shown. Significant correlations (P<0.05) are marked in bold text

GADD34 was identified as an antigen recognized by IgG antibody
in the sera of patients with ischemic stroke [10]. Further analysis
of s-GADD34-Ab levels in DM, aCI, CVD and CKD, which are
atherosclerosis-related diseases in this study, revealed a particularly
large difference between HDs and patients with DM or diabetic CKD
(Figures 1 and 2). Further Spearman’s rank-order correlation analysis
revealed that s-GADD34-Ab levels were correlated with CAVI and
plaque score, which reflect the progression of atherosclerosis (Table
6). This is consistent with our finding that s-GADD34-Ab values in
type-2 CKD/nephrosclerosis showed similarly high AUC values as
type-1 diabetic CKD (Figures 1b, 2b and 2c). While our analysis was
limited due to the small sample size of type-2 CKD, it is plausible that
the major cause of the development of s-GADD34-Abs may be DM,
which frequently induces atherosclerosis leading to the onset of aCI
and CVD.

There is epidemiologic evidence to suggest the relationship between
DM and PD. Hu et al. at the National Institute of Public Health in
Finland followed a total of 51,000 men and women aged 25-74 years
who had no medical history of PD for 18 years [40]. As a result, the risk
of PD onset in patients with type-2 DM was 83% higher than that in
those without DM. Additional factors such as BMI, alcohol use, coffee
and tea consumption, smoking and physical activity did not alter this
risk. Sun et al. examined a study group in Taiwan composed of 600,314
diabetic patients and 472,188 non-diabetic patients and evaluated
the risk of developing PD for 9 years [41]. The number of PD onset
per 10,000 people was 3.59 in the DM group per year and 2.15 in the
non-DM group, representing a covariate adjusted hazard ratio of 1.61.
This ratio was reducing to 1.37 after treatment; therefore, the study
team concluded that DM is associated with an increased risk of PD
onset. Brauer et al. performed a retrospective cohort study in which
patients with DM were followed from 1999 to 2013, and found that
PD incidence was reduced by 28% in 44,597 anti-diabetic glitazone-
exposed individuals [42]. This result was compared to a matched
120,373 other anti-diabetic medication users, which resulted in the
finding that DM may have a causal role in developing PD.

It has been well documented that ER stress followed by autophagy
was frequently observed in neurodegenerative diseases including
PD, Alzheimer’s disease, and ALS. During ER stress, the unfolded
protein response activates PERK, which then phosphorylates eIF2a.
The phosphorylated eIF2a induces the transient shutdown of
protein translation, but allows the translation of ATF4, which then
induces gene expression of CHOP, GADD34 and pro-autophagic
genes [11]. Consistently, the expression of GADD34 was increased
in oligodendrocytes in Alzheimer disease [43]. Persistent shutoff of
protein synthesis results in autophagic cell death, yet induced GADD34
may have an anti-autophagic role by dephosphorylating elF2a to
resume normal protein synthesis [44]. GADD34" mouse embryonic
fibroblasts show delayed recovery from the shutoff of protein synthesis
by ER stresses [45]. Mice defective in the elF2a phosphorylation
develop DM, and active elF2a is indispensable for insulin synthesis
after ER stress [13,46]. Therefore, GADD34 and its substrate eIF2a

may account for the common pathway in ER stress leading to the
development of DM and PD. The development of autoantibodies
against GADD34 in DM and PD may be the result of overexpression
of GADD34 protein induced by ER stress. Alternatively, if GADD34
proteins can be adsorbed or disturbed by their autoantibodies, such
autoantibodies may have causal effects on the development of DM and
PD. Further analysis is required to reveal the precise mechanism.

Conclusion

We believe that the serum anti-GADD34 antibody is a common
marker for DM and PD and that GADD34 may account for the
relationship between DM and PD.
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