1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

A
u
Yeyvaaa

Author manuscript
Diabet Med. Author manuscript; available in PMC 2020 November 01.

s HHS Public Access

Published in final edited form as:
Diabet Med. 2019 November ; 36(11): 1375-1383. doi:10.1111/dme.13827.

Reduced display of conformational epitopes in the N-terminal
truncated GADG5 isoform: relevance for people with stiff person
syndrome or DQ8/8-positive Type 1 diabetes mellitus

C. S. Hampel, J. R. Radtkel, A. Wester?, A. Carlsson?, E. Cedervall3, B. J6nsson#, S. A.
lvarsson?, H. Elding Larsson?, K. Larsson®, B. Lindberg?, J. Neiderud®, O. Rolandsson’, A.
Lernmark?

1Department of Medicine, University of Washington, Seattle, WA, USA

2Department of Clinical Sciences, Lund University/CRC, Skane University Hospital SUS
3Department of Paediatrics, Angelholm Hospital, Angelholm

4Department of Paediatrics, Ystad Hospital, Ystad

SDepartment of Paediatrics, Kristianstad Hospital, Kristianstad

6Department of Paediatrics, Helsingborg Hospital, Helsingborg

"Department of Public Health and Clinical Medicine, Section of Family Medicine, Ume& University,
Ume3d, Sweden

Abstract

Aims—To investigate whether the N-terminal truncated glutamic acid decarboxylase 65 (GADG5)
isoform is as well recognized by people with stiff person syndrome as it is by people with Type 1
diabetes, and whether conformational GAD65 antibody epitopes are displayed properly by the
isoform.

Methods—GADG5 antibody-positive healthy individuals (7=13), people with stiff-person
syndrome (n=15) and children with new-onset Type 1 diabetes (7=654) were analysed to
determine binding to full-length GAD65 and the N-terminal truncated GADG65 isoform in each of
these settings. GADG65 autoantibody epitope specificity was correlated with binding ratios of full-
length GAD65/N-terminal truncated GADG5.

Results—The N-terminal truncated GADG5 isoform was significantly less recognized in
GADG65Ab-positive people with stiff-person syndrome (£=0.002) and in healthy individuals
(P=0.0001) than in people with Type 1 diabetes. Moreover, at least two specific conformational
GADG65ADb epitopes were not, or were only partially, presented by the N-terminal truncated
GADGS5 isoform compared to full-length GADG65. Finally, an N-terminal conformational
GADG65ADb epitope was significantly less recognized in DQ8/8 positive individuals with Type 1
diabetes (P=0.02).
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Conclusions—In people with stiff person syndrome preferred binding to the full-length GAD65
isoform over the N-terminal truncated molecule was observed. This binding characteristic is
probably attributable to reduced presentation of two conformational epitopes by the N-terminal
truncated molecule. These findings support the notion of disease-specific GAD65Ab epitope
specificities and emphasize the need to evaluate the applicability of novel assays for different
medical conditions.

Introduction

Autoantibodies directed against the 65kDa isoform of glutamate decarboxylase (GAD65Ab)
are established markers for autoimmunity in autoimmune diabetes [1] and neurological
disorders, including stiff person syndrome and cerebellar ataxias [2,3]. Together with other
B-cell autoantibodies, GAD65Ab are valuable in the prediction of Type 1 diabetes mellitus
in first-degree relatives of people with Type 1 diabetes and in the general population [4-6].

GADG65AD detection assays rely on recombinant glutamate decarboxylase (GAD)65,
expressed in different systems, including yeast, bacteria, insect cells, mammalian cells and
cell-free transcription and translation systems [7-10]. These assays were evaluated for
sensitivity and specificity through the Diabetes Antibody Standardization Programme and
the Islet Autoantibody Standardization Programme [11]. It is important to identify GAD65
constructs with higher sensitivity and higher specificity in order to improve diagnosis and
prediction; however these constructs should be characterized carefully, with evaluation of
their conformation and display of disease-specific antibody epitopes. The clinical relevance
of this goal is the avoidance of misdiagnoses of conditions with GAD65-associated
autoimmunity.

Particular attention needs to be paid to the preservation of the antigen’s conformation,
because GAD65Ab in people with Type 1 diabetes recognize predominantly conformational
epitopes [12-15]. A recently developed N-terminal truncated GADG65 construct showed
remarkably high sensitivity and specificity compared with the full-length antigen [16-18].
These results suggest that the N-terminus may not harbour GAD65ADb epitopes relevant to
Type 1 diabetes. The observation that the majority of Type 1 diabetes-associated GAD65Ab
recognize epitopes located in the middle and C-terminal region of GAD65 supports this
notion [12,19-21].

In a recent study, we investigated binding of GAD65AD to truncated GAD65 and full-length
GADG5 in a large cohort of children newly diagnosed with Type 1 diabetes [22]. We found
that binding to full-length and truncated GADG5 correlated with comparable diagnostic
specificities. Moreover, the truncated GADG5 construct appeared to allow access to an
epitope that is more frequently recognized by GAD65Ab in HLA DQ8/8-positive
individuals with Type 1 diabetes [22].

The display of GAD65Ab epitopes recognized by GAD65Ab present in people with stiff
person syndrome by the N-terminal truncated GADG5 isoform has not been assessed. Titres
of GAD65AD in people with stiff person syndrome typically exceed those found in people
with Type 1 diabetes 100-1000-fold [23] and recognize both linear and conformational
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epitopes [24,25], which, to some extent, differ from those in people with Type 1 diabetes.
We compared GAD65Ab recognition to both isoforms in people with stiff person syndrome,
GADG65Ab-positive healthy individuals and people with Type 1 diabetes. Moreover, we
correlated reactivity of both isoforms with specific GAD65ADb epitope binding using an
epitope mapping assay based on competition with monoclonal GAD65Ab [12]. The major
advantage of this assay is that the conformation of GADG5 is uncompromised. The assay has
been successfully used to identify disease-specific GAD65Ab epitopes in people with Type
1 diabetes, in people with stiff person syndrome, in people with latent autoimmune diabetes
in adults and in healthy individuals [12].

Materials and methods

Type 1 diabetes cohort

The Type 1 diabetes cohort has been described in detail previously [22]. Briefly, the cohort
consisted of 654 children [median (range) age 10 (1-18) years, 352 girls] diagnosed with
Type 1 diabetes in 1996-2005 according to American Diabetes Association guidelines [26].

Stiff person syndrome cohort

Serum samples were obtained from GAD65Ab-positive people with stiff person syndrome
[7=15; mean (range) age 50 (29-71) years, 10 women]. These individuals were diagnosed
between 1999 and 2011 at the University of Washington, Seattle, USA and Skéne University
Hospital, Sweden.

Healthy individuals

GADG65Ab-positive healthy individuals [/7=13; mean (range) age 50 (30-60) years, eight
women] were identified in a population-based screening of 2157 Swedish adults [27]. None
of these individuals developed Type 1 diabetes <8 years after the samples were taken [28].

All participants in this study gave informed consent. Local institutional ethics committee
approval was obtained before collection of all serum samples.

Monoclonal GAD65Ab and expression of recombinant antibody fragments

Monoclonal GAD65Ab DPA and DPD were isolated from a person with Type 1 diabetes
[29] and recognized epitopes at amino acid residues 483-585 and 96-173, respectively [13];
b96.11 and b78 were isolated from a person with APS-1 and recognized epitopes at the PLP
domain (amino acid residues 308-365) and the C-terminus (amino acid residues 518-540),
respectively [13,30,31]. All monoclonal antibodies recognized GADG5 in only its native
conformation. Human monoclonal antibody HAA1 (ATCC Manassas VA, USA, ATCC
number: HB-8534) is directed against blood group A antigen and served as a control.

Gene fragments encoding antibody fragments (FAb) of the above monoclonal antibodies
were cloned into the expression vector pAK19 [32], as described earlier [12]. Recombinant
FAb (rFAb) were expressed in Escherichia coli 25F2 cells and isolated from the bacteria as
described previously [12].
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GADG65ADb radioligand binding assay

GADG65Ab binding to the GAD2 full-length cDNA gene and the N-truncated isoform (amino
acids 96-585) was determined by radioligand binding assay in our previous study [22]. The
cut-off for positivity was determined as 50U/ml for both constructs, as described previously
[22].

GADG65Ab epitope mapping assay

The capacity of GAD65-specific rFAb to inhibit GADG65 binding by human serum
GADG65Abs was tested in a competitive radioligand binding assay, as previously described
[12]. Briefly, serum samples were incubated with radiolabelled full-length GADG5 and rFAb
derived from the above monoclonal GAD65Ab. rFAb were added at the maximal
concentration, as determined in competition assays using the intact monoclonal antibody as
a competitor. Binding of GAD65Ab to GADG65 in the presence of rFAb was expressed as
follows: counts per min of [S3®]GADS65 bound in the presence of rEAb/counts per min of
[S25]GADG5 bound in the absence of rFAb x 100. Samples that exceeded 1000 U/ml were
diluted to half maximal binding capacity. The cut-off for specific competition was >15%, as
determined by control rFAb HAAL. In a few cases, the rFAb-competed sample resulted in
higher counts per min than the non-competed sample; this was attributable to intra-assay
variations.

Statistical analysis

Results

All samples were analysed in triplicate determinations and the intra-assay average
coefficient of variation was 7%, with the highest value 20 and the lowest 0.1. The
significance of differences in competition between different serum groups was tested using
the non-parametric Mann-Whitney (-test. The significance of differences in binding to full-
length and truncated GADG65 within the same group was tested with the paired Wilcoxon
signed-rank test. The significance of correlation was analysed using Spearman’s rank
correlation test. Significance of differences in frequency was tested using Fisher exact
probability test. All statistical testing was two-sided, and P values <0.05 were taken to
indicate statistical significance. Statistical analyses were performed using the Prism program
(GraphPad, San Diego, CA, USA) and staTa (StataCorp LLC, College Station, TX, USA)

Binding to full-length GADG65 vs truncated GADG65 in healthy individuals and people with
stiff person syndrome.

To evaluate the relative binding to both GAD65 constructs, we analysed sera obtained from
GADG65Ab-positive healthy individuals (7=13) and people with stiff person syndrome (/7=15;
Fig. 1).

In people with stiff person syndrome the full-length construct was bound considerably better
as compared to the N-terminal truncated isoform (median GAD65Ab index of 4058 vs 2718
U/ml, respectively; £=0.0004). In healthy individuals the full-length isoform was recognized
significantly better than the N-terminal truncated molecule (median GAD65Ab index of 141
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vs 70 U/ml, respectively; P=0.0002). The GAD65Ab-binding specificity of these sera had
been previously confirmed in displacement assays using recombinant GADG65 [27].

Binding to full-length GAD65 compared to N-terminal truncated GADG65 in people with Type

1 diabetes

Type 1 diabetes sera (/7=654) were analysed for binding to the truncated and the full-length
GADG5 constructs. To express preferred binding of Type 1 diabetes sera to one GAD65
construct over the other, we calculated the binding ratios of full-length GAD65/N-terminal
truncated GADG5 (Fig. 1). To avoid the confounding effect of background signals, we only
considered GAD65Ab-positive samples (GAD65Ab level of =50 U/ml for either full-length
or truncated GADG5, or both; 7=475) in the present analysis.

Fifty-eight percent (279/475) of sera showed a binding ratio of <1.0 [median (range) full-
length GAD65: 179 (7-1711) U/ml, median range truncated GADG65: 220 (50-1752) U/ml]
for full-length GAD65/N-terminal truncated GAD65, while the remaining 42% (196/654) of
sera showed a binding ratio of >1.0 [median (range) full-length GADG65: 849 (54-2682)
U/ml, median (range) truncated GADG65: 661 (38-1831) U/ml] for full-length GAD65/N-
terminal truncated GADG65. We found no correlation between age at onset and binding ratio
of full-length GAD65/N-terminal truncated GADG65 (data not shown). Notably, the binding
ratio of full-length GAD65/N-terminal truncated GADG65 in people with Type 1 diabetes
(median 1.0) was significantly lower than that in people with stiff person syndrome (median
1.3; £=0.002) or in healthy individuals (median 2.0; A=0.0001).

GADG65Ab epitope mapping

We analysed all serum samples from people with stiff person syndrome and serum samples
from people with Type 1 diabetes with a GAD65AD titre (full-length) =100U/ml (7=349)
and sufficient sample volume for epitope binding using rFAb derived from human
monoclonal GAD65Ab DPA, b96.11, DPD and b78, respectively (Fig. 2). Samples with
GADG65ADb titres <100U/ml were excluded because the relatively high background in these
samples interfered with the reliability of the competition results. Samples that exceeded
1000 U/ml were diluted to their half-maximal binding capacity.

The b96.11-defined epitope was recognized in 94% (14/15) of people with stiff person
syndrome and 84% (293/349) of people with Type 1 diabetes. The DPD-defined epitope was
bound in 94% (14/15) of people with stiff person syndrome and in 53% of people with Type
1 diabetes, the DPA-defined epitope was recognized in 74% (11/15) of people with stiff
person syndrome and 20% of people with Type 1 diabetes, and the b78-defined epitope was
recognized in 80% (12/15) of people with stiff person syndrome and 20% of people with
Type 1 diabetes.

Correlations between GADG65AD titre and epitope specificity

To determine possible correlations between GAD65AD titres and epitope specificity we
generated scatter plots for the individual rFAb (Fig. 3). Binding to the b78-defined epitope
was inversely correlated with GAD65AD titres (P=0.0004), while no other correlation
between epitope binding and GAD65ADb titre was observed.
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Associations between GAD65Ab epitope specificity and full-length/truncated GAD65Ab

titre ratio

To investigate the presentation of GAD65Ab epitope regions on full-length and N-terminal
truncated GADG65, we analysed binding of the four human monoclonal antibodies to full-
length and N-terminal truncated GADG65 (data not shown). While DPA, b96.11 and b78
bound equally well to either isoform, DPD only recognized the full-length construct and
showed no detectable binding to the N-terminal truncated isoform (Fig. S1).

To further investigate the correlations between GAD65Ab epitope specificities and the full-
length/truncated GADG65AD titre ratio, we plotted binding results of Type 1 diabetes samples
showing competition with the respective rFAb (DPA, n=71; b96.11, n=293; DPD, 17=184;
b78, n=73; binding <85%) against the full-length/truncated GAD65AD ratio.

Binding to the b78- and the DPD-defined epitopes correlated directly with the ratio of full-
length/truncated GADG65AD titre (Parson 7. —0.36, £=0.001, Parson r. —=0.16; ~£=0.02,
respectively [Fig. 4]), indicating that GAD65Ab recognizing the b78- and DPD-defined
epitopes preferred binding to the full-length GADG5 construct. No other correlations
between specific epitopes and the full-length/truncated GADG65AD titre ratio were observed.
Moreover, the number of recognized epitope by the samples did not correlate with the full-
length/truncated GADG5AD titre ratio.

Associations between GAD65Ab epitope specificities, autoantibody specificities and HLA
class Il genotypes

The frequency of binding specificities in HLA-class Il genotypes HLA-DQ 2/8, 8/8,8/X, 2/2,
2/X and X/X was determined for individuals with GAD65Ab levels <100 U/ml and
completed rFAb testing. We found that DQ8/8-positive children had a lower frequency of
GADG65Ab recognizing the DPD-defined epitope: the DPD-defined epitope was recognized
in 35% (16/45) of DQ8/8-positive children compared with 55% (167/304) of DQ8/8-
negative children (P=0.02).

No other associations between the tested epitopes and HLA genotypes or age were noted.

Discussion

In the present study we analysed GAD65Ab epitope specificities in the sera of people with
stiff person syndrome, in GAD65Ab-positive healthy individuals and in people with Type 1
diabetes to investigate whether their respective GAD65Ab epitope pattern affected binding
to full-length vs truncated GAD65 isoforms.

In people with stiff person syndrome and healthy individuals, a significant preference of
binding to the full-length GAD65 molecule was observed, while the majority of Type 1
diabetes sera (66%) showed higher binding to N-terminal truncated GAD65. While the
findings in healthy individuals and people with Type 1 diabetes mainly confirmed earlier
findings [16-18,22], the binding preference of full-length over N-terminal truncated GAD65
by GADG65Ab in people with stiff person syndrome had not been assessed previously.
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GADG5Ab can be detected in the sera of 80% of people newly diagnosed with Type 1
diabetes [33], 5-10% of people with T2DM (classified as latent autoimmune diabetes in
adults) [34,35], 60% of people with stiff person syndrome [36], and 2-3% of healthy
individuals [37]. However, GAD65ADb in these clinical phenotypes differ significantly in titre
and epitope specificities [12,14,19,20,25,38]. The majority of Type 1 diabetes-associated
GADG65AD epitopes are conformational and are located at the middle and C-terminal region
of the GADG65 molecule, while sera from people with stiff person syndrome recognize both
conformational and linear epitopes located across the entire molecule [24,25].

To determine the cause of these differences in binding preference, we investigated the
association of individual GAD65Ab epitopes with the ratio of full-length GAD65ADb titre
over truncated GADBG5AD titre.

Consistent with our previous studies [25,39], we found significant recognition of GAD65Ab
epitopes defined by b78 and DPD in people with stiff person syndrome. Moreover, people
with Type 1 diabetes with preferential binding to the full-length construct showed higher
frequencies of GAD65Ab recognizing the DPD- and b78-defined epitopes. These results
suggest that the DPD- and b78-defined epitopes are not fully displayed by the truncated
GADGS5 isoform. Indeed, monoclonal antibody DPD failed to recognize the truncated
GADG5 construct, although its epitope region (amino acids 96-173) is downstream of the
deleted N-terminus (amino acids 1-96), suggesting that the N-terminal amino acids affect
epitopes contained in the amino acids adjacent to the deleted protein portion. We cannot
exclude the possibility that some of the differences in epitope pattern between people with
Type 1 diabetes and those with stiff person syndrome may be attributable to the
characteristically lower GADG5ADb titres in people with Type 1 diabetes. Indeed, a previous
report showed that Type 1 diabetes sera with high GAD65ADb titres had antibody patterns
similar to those observed in people with stiff person syndrome [40]. Our finding that binding
to the b78-defined epitope was significantly better in high GAD65Ab sera from people with
Type 1 diabetes confirms these earlier findings, and may in part explain the differences in
recognition of the b78-defined epitope between people with Type 1 diabetes and people with
stiff person syndrome. Clinical information regarding possible neurological symptoms was
not available for these participants; however, no correlation between GADG65AD titre and the
DPD-defined epitope was observed, suggesting that these differences were disease-specific.

Recognition of the DPD-defined GAD65Ab epitope may also explain our previous finding
that the truncated GADG65 construct was recognized significantly better in DQ8/8-positive
children [22], as lower recognition of the DPD-defined epitope was observed in DQ8/8-
positive children.

A limitation of the present study was the relatively small number of samples in the group
with stiff person syndrome and in GAD65Ab-positive healthy controls and the differences in
ages between the different cohorts. Age at onset did not correlate, however, with binding
ratio of full-length GAD65/N-terminal truncated GADG65 or recognition of any of the
epitopes, so that it is unlikely that the observed differences in binding pattern were affected
by the participants’ ages.
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In conclusion, our data show that in people with stiff person syndrome and in healthy
individuals there was significantly higher binding to the full-length molecule, while in
people with Type 1 diabetes the truncated isoform was preferred. These data demonstrate the
importance of carefully evaluating novel antigenic constructs for their binding capacities
across different clinical phenotypes. The present data also suggest that the N-terminus
harbours GADG5AD epitopes that are particularly relevant for binding of GAD65Ab present
in healthy individuals and people with stiff person syndrome, but are also bound in ~50% of
people with Type 1 diabetes. Studies into possible associations with B-cell function or other
clinical measurements are needed to determine whether the specificity and sensitivity of the
truncated GADG5 construct is comparable across different clinical subtypes of people with
Type 1 diabetes.
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What’s new?

Amino acid residues 1-95 of glutamic acid decarboxylase (GAD) 65 have
little impact on GADG65 binding by the majority of Type 1 diabetes mellitus-
associated GAD65 antibodies.

N-terminal truncated GAD65(96-585) shows reduced display of autoantibody
epitopes relevant to people with stiff person syndrome or DQ8/8-positive
Type 1 diabetes mellitus.

High-titre GADG65 antibody sera from people with Type 1 diabetes mellitus
share some antibody specificities with GADG65 antibodies from people with
stiff person syndrome.

Specific GADG65 autoantibody epitope recognition may aid in the
identification of people with stiff person syndrome, especially those with only
moderate GADG65 antibody levels.

Diabet Med. Author manuscript; available in PMC 2020 November 01.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hampe et al. Page 12

(62
o
o

1 Healthy individuals, 200007 SPS 3000,

N

o

o
I

150004
20004

w

o

o
I

100004

N

o

o
1

1000+

truncated construct (U/ml)
truncated construct (U/ml)
truncated construct (U/m

. 50004
1004 .
i l. LN ...

o o 0-

0 100 200 300 400 500 0 5000 10000 15000 20000 0 1000 2000 3000

full-length construct (U/ml) full-length construct (U/ml) full-length construct (U/ml)
o 51 Healthy Individuals 59 SPS 57 T1DM
=
8 44 44 4
Q .
o
2 3 a
%o 1
e®
2 2 2 2.
£
=4 T
g i 1| ===
E 1

0- 0- o4

FIGURE 1.
Glutamic acid decarboxylase (GAD)65 autoantibody (Ab) binding to full-length and

truncated GADG5. Binding to full-length GAD®65 is plotted against N-terminal truncated
GADGS5 for people with stiff person syndrome, healthy individuals and people with Type 1
diabetes is shown in the respective upper panels. A line of equivalence is shown for each
plot. The ratios of full-length GAD65/N-terminal truncated GADG65 are shown in the
respective lower panels.
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FIGURE 2.
Glutamic acid decarboxylase (GAD)65 autoantibody (Ab) epitope specificity. Binding of

GADG65ADb in people with stiff person syndrome (upper panel) and Type 1 diabetes (lower
panel) in the presence of recombinant antibody fragments (rFAb) derived from monoclonal
GADG65Ab DPA, b96.11, DPD and b78 was determined. Binding in the absence of rFAb was
set to 100%. Data are presented as box and whisker plots with Tukey-style whiskers. The
cut-off for significant competition (85%) is indicated by the dotted line.
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FIGURE 3.

Correlation of epitope binding with full-length glutamic acid decarboxylase (GAD)65
autoantibody (Ab) titre. Binding of serum samples from individuals with stiff person
syndrome and individuals with Type 1 diabetes with GAD65ADb titre (full-length) >100U/ml
(Type 1 diabetes: 7=349) to GADG65 in the presence of recombinant antibody fragment
(rFAb) DPA, b96.11, b78 and DPD is plotted against full-length GAD65ADb titre. Linear
regression lines are shown.
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FIGURE 4.
Correlation of b78- and DPD-defined epitopes with full-length/truncated glutamic acid

decarboxylase (GAD)65 autoantibody (Ab) titre ratio. Competition of GAD65 binding by
recombinant antibody fragment (rFAb) b78 or DPD of Type 1 diabetes samples whose
binding was competed by at least 15% (/=73 and 184, respectively) is plotted against full-
length/truncated GADG5AD titre ratio. Linear regression lines are shown. The y-axis is
truncated at 30% to allow higher resolution of the data.
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