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Background: Current epidemiological studies suggest a significant correlation between Alzheimer’s disease
(AD) and bullous pemphigoid (BP). However, the autoimmune response against BP180 in patients with AD
has not been fully understood. investigated.

Methods: We randomly enrolled 48 patients with AD and 50 sex- and age-matched healthy controls. We
detected the presence/absence and the level of anti-BP180/BP230 immunoglobulin G (IgG) autoantibodies
in the patients’ serum to determine whether said antibodies possess reactivity against the BP180 protein in
the human brain and skin.

Results: The enzyme-linked immunosorbent assay (ELISA) results revealed that the positive rate of anti-
BP180 autoantibodies in patients with AD (23/48, 47.9%) was significantly higher than that in controls
(4/50, 8.0%; P<0.0001). These ELISA-positive patients were further examined through immunoblotting.
Sera from nine patients with AD (9/23, 39.1%) and one control (1/4, 25.0%) reacted with human cutaneous
recombinant full-length BP180 and BP180-noncollagenous 16A (NC16A). Sera from 11 (11/23, 47.8%)
patients with AD reacted with a 180-kDa protein from the human brain extract, but none of the controls’
sera recognized the corresponding protein band. The majority of the patients in the anti-BP180-positive AD
group were men (14/23, 60.9%) who were older (74.0 years) compared with those in the control group (6/25,
24.0%; P<0.05) (72.2 years; P<0.01).

Conclusions: Anti-BP180 autoantibodies are present in AD and recognize human recombinant full-length
BP180 and a 180-kDa protein from the human brain extract, suggesting that BP180 is a shared autoantigen
in AD and BP and may help clarify the mechanism to explain why a high risk of BP exists in AD. Elderly
male patients with AD are significantly more likely to develop BP180 serum autoreactivity compared with
other patients with AD.
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Introduction

Bullous pemphigoid (BP) is the most common autoimmune
bullous disorder and mainly affects elderly people (1).
Compared with people aged under 60 years, those aged
over 90 years have a 300-fold increased risk of BP (2).
BP is characterized by autoantibodies against two
hemidesmosome proteins [collagen XVII (BP180 or BP
antigen 2) and dystonin-e (BP230 or BP antigen 1)] of the skin
and mucous membranes (3,4). Notably, BP180 is expressed
not only in basal keratinocytes but also in the nucleus basalis
and hippocampus of the brain, which is exactly where
Alzheimer’s disease (AD)-related lesions were observed (5).
Alternative splicing and variation in the translational start
site of the BP180 gene result in the expression of skin- or
neuron-specific isoforms (5,6). In BP, autoantibodies against
BP180 are pathogenic and associated with disease activity,
especially at diagnosis and outbreak (4,7). Autoantibodies that
bind to extracellular noncollagenous 16A (NC16A) account
for the majority and play a key role in pathogenesis (7,8).
However, most patients also have immunoglobulin G (IgG)
antibodies against epitopes outside the NC16A domain (9).
Autoantibodies against BP230 can also be detected in the
majority of patients with BP, although their pathogenic role
remains controversial (10).

Several epidemiological studies have suggested that AD is
often comorbid with BP (11-13). AD is a neurodegenerative
disorder of uncertain cause and pathogenesis that primarily
affects older adults; furthermore, it is the most common
cause of dementia (14). The hallmark neuropathologic
changes of AD are extracellular amyloid p deposition and
phosphorylated Tau protein, pathologically marked by
diffuse and neuritic plaques and neurofibrillary tangles (15).
Patients aged older than 80 years with a neurological disease
(ND) were 10 times more likely to have BP compared
with those without, and the most frequently associated
conditions were dementia and cerebral stroke (16). Yu
Phuan et al. (17) found that 73.8% (76/103) of patients with
BP had a history of at least one pre-existing ND, among
which only dementia was statistically significant (P<0.05).
In a systematic review, patients with BP had an increased
risk of dementia [odds ratio (OR): 5.48 (95% CI: 3.26-9.23);
P<0.001] and ND preceded BP in the majority of cases with
a mean time interval of 6.7 years (18). According to our
study and others, the development of BP autoantibodies
against both the skin and neuronal forms of antigens in
BP with ND might be related to cutaneous- and neuronal-
subtype BP antigens that have different locations, epitopes,
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and natural conformations (19-22). In this study, we
randomly enrolled 48 patients with AD and 50 sex- and age-
matched healthy controls to detect the level of anti-BP180/
BP230 IgG autoantibodies in sera. We sought to determine
whether these antibodies have reactivity against the BP180
protein of the human brain and skin, which may help reveal
the mechanism of high BP incidence in AD.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5343).

Methods
Patient samples

Forty-eight patients with AD were recruited from the
Neurology Clinics of Peking Union Medical College
Hospital. AD was diagnosed based on medical history,
clinical symptoms, physical examination (including nervous
system), neuropsychological assessment, laboratory
examination, and imaging examination in the Department
of Neurology (Table 1). Age- and sex-matched healthy
controls were recruited from patients undergoing benign
neoplasm resection in the Department of General Surgery
(Table 1). Patients with NDs (stroke, Parkinson’s disease,
other subtypes of dementia, multiple sclerosis) and skin
diseases (only bullous disease, dermatitis, eczema, and other
autoimmune diseases) were excluded. The normal human
brain tissue was obtained from donors undergoing temporal
lobe resection for medication-resistant epilepsy treatment
(normal brain tissues adjacent to the focuses, as confirmed
by a neuropathologist).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
reviewed and approved by IRB members of Peking Union
Medical College Hospital, CAMS & PUMCA (approval
number S-300). All patients enrolled completed the
informed consent form.

Enzyme-linked immunosorbent assay (ELISA)

The anti-BP180/BP230 IgG autoantibodies in serum
samples were determined using a human BP180 (NC16A
domains) IgG quantification kit (MEASACUP BP180
TEST, MBL, Nagoya, Japan) and human BP230 (N-and
C-terminal domains) IgG quantification kit (BP230 ELISA
Kit, MBL) according to the manufacturer’s instructions
(based on a cutoff value of >9 U/mL). Briefly, the standard
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Table 1 Characteristics and immunological results of patients with AD and controls
Variable AD Control P value
n 48 50
Sex (M/F) 20/28 21/29 NS
Age' 72.5+6.6 72.8+7.2 NS
BP180 ELISA, +/- 23/25 4/46 <0.0001
BP180 antibody values (U/mL)" 13.08+17.23 5.78+4.24 <0.01
Values of BP180 autoantibody-positive patients (U/mL)"* 22.85+20.94 12.94+3.04 <0.05
Human cutaneous BP180, +/- 9/14 1/3 NS
Human cutaneous NC16A, +/- 9/14 1/3 NS
Human brain extract (180 kD), +/— 11/12 0/4 NS
BP230 ELISA, +/- 16/32 11/39 NS
BP230 antibody values (U/mL)’ 9.60+13.00 5.96+4.37 NS
Values of BP230 autoantibody-positive patients (U/mL)"* 21.26+16.90 13.03+2.78 <0.05
Human cutaneous extract (230 kD), +/— 0/16 0/11 NS
Human brain extract (230 kD), +/— 5/11 0/11 NS
IIF (salt split), +/— 0/31 0/14 NS

', data given as mean + standard deviation; *, based on a cut-off value >9 U/mL. AD, Alzheimer’s disease; ELISA, enzyme-linked immuno-

sorbent assay; IIF, indirect immunofluorescence; NS, not significant.

serum and patient serum were added to a microporous
strip embedded with BP180/BP230 antigens. Human IgG
antibodies labelled with horseradish peroxide (HRP) and
peroxidase substrate were added successively. Subsequently,
acid solution was added to terminate the enzyme reaction
and stabilize the color reaction. Finally, the absorbance
was determined using a spectrophotometer (Genova Nano,
Jenway, Stone, UK).

Western blotting

The recombination of human cutaneous full-length BP180
and BP180-NCI16A and western blotting were performed
as previously described (21). Briefly, primers were designed
according to the full length BP180/NC16A ¢cDNA
sequence to amplify the target gene fragments by PCR and
sequence for FLAG tag was incorporated into the cDNA.
Then the human full length BP180/NCI16A gene fragments
were subcloned into the pcDNA3.1 mammalian expression
vector. HEK 293 cells were transiently transfected with
the plasmids and lipofectamine (Life Technologies,
Carlsbad, CA, USA) as per the manufacturer’s instructions,
followed by lysis of the cells in a lysis buffer [S0 mM Tris

© Annals of Translational Medicine. All rights reserved.

(PHS.0), 300 mM NaCl, 1% Triton X-100, 1 mM DTT,
5% glycerol]. The proteins in lysates were purified using
FLAG peptide affinity chromatography and peptide
elution. Expression of the target proteins were confirmed
by western-blot (anti-FLAG tag antibody) and quantified
by the protein quantification assay kit. Human brain
samples (5 mm) were lysed in RIPA buffer with a protease
inhibitor (Beyotime, Shanghai, China) and quantified
using a BCA assay kit (Beyotime). Proteins (10 pg per lane)
were separated with 8% SDS-PAGE and transferred onto
a polyvinylidene fluoride membrane (Millipore, Billerica,
MA, USA). Then, the membrane was incubated with
human serum samples (0.5 pg/pL) and anti-human 1gG-
HRP (1:2,500) (Abcam, Cambridge, UK). Finally, bands
were visualized using a detection solution (Merck KGaA,
Darmstadt, Germany) and exposed using an image analysis
system (Tanon, Shanghai, China). Anti-human BP180/
BP230 antibodies (Abcam) were used as the positive control.
5.0% defatted milk powder was used as the negative control.

Salt-split skin indirect immunofluorescence (SSS-IIF)

SSS-IIF was performed as previously described (21). In
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brief, 5-pm frozen nonfixed sections of the human skin
(treated with 1 M NaCl) were blocked (1% bovine serum
albumin in phosphate-buffered saline) and incubated
with patients’ serum at 1:4-1:320 dilution with rabbit
anti-human IgG-FITC (Abcam), followed by routine
indirect immunofluorescence microscopy. Clear linear
immunostaining of the epidermal side of the basement
membrane zone (BMZ) was considered positive, whereas no
fluorescence was considered negative.

Statistical analysis

All the experiments were replicated at least three times.
Original data were analyzed using SPSS 22.0 (IBM SPSS,
Leawood, KS, USA) and are represented as the mean *
SD. Different statistical methods were used according to
the type of data. Student’s 7-tests (bilateral) were used to
analyze the normally distributed continuous variables, such
as age and BP180/BP230 antibody titer. The chi-squared
test was used to analyze qualitative variables, such as
BP180 antibody (positive/negative) and sex (male/female).
P<0.05 was considered to represent statistical significance.
GraphPad Prism 8.0 (GraphPad Prism, San Diego, CA,
USA) was used to compile figures.

Results

We randomly enrolled 48 patients with AD and 50 sex- and
age-matched healthy controls to examine the level of anti-
BP180/BP230 IgG autoantibodies in sera. Using ELISA, we
found that 47.9% (23/48) of patients in the AD group and
only 8.0% (4/50, P<0.0001) of the controls had anti-BP180
autoantibodies (7able I). Anti-BP180 autoantibody titers in
the AD group were higher (13.08+17.23 U/mL) than those
in the control group (5.78+4.24 U/mL; P<0.01) (Table I).
Moreover, the titers of BP180 autoantibody-positive
patients with AD (22.85+20.94 U/mL) were significantly
higher than those of controls (12.94+3.04 U/mL; P<0.05;
Table 1). In addition, the positive rate of anti-BP230
autoantibodies in the AD group (16/48, 33.3%) was higher
than that in the control group (11/50, 22.0%; P=0.26)
according to the ELISA (7able I). Anti-BP230 autoantibody
titers in the AD group (9.60£13.00 U/mL) were also higher
than those in the control group (5.96+4.37 U/mL; P=0.06).
However, differences in anti-BP230 antibodies between the
patient and control groups were statistically nonsignificant
(Table 1).

Next, to determine whether these anti-BP180 IgG
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positive antibodies (23 AD samples and four healthy
controls) had reactivity against the recombinant full-length
BP180/NCI16A and the BP180 protein in the human brain,
we performed Western blotting against the human brain
extract and human recombinant full-length BP180 and
BP180-NC16A. We used the normal brain tissue from
patients with epilepsy because temporal lobe resection
where hippocampus located in is a common appropriate
treatment for patients with difficult-to-treat focal epilepsy.
The results indicated that sera from nine of the 23 patients
with AD (9/23, 39.1%) and one healthy control (1/4, 25.0%)
appeared to recognize human cutaneous recombinant full-
length BP180 and BP180-NCI16A (Figure 1A4,B, Table 1).
Notably, sera from 11 (11/23, 47.8%) patients with AD
exhibited reactivity against a 180-kDa protein of the human
brain extract, but none of the controls’ sera recognized the
corresponding protein band (Figure 1C, Table 1). Sera from
five patients with AD reacted with both a 180-kDa band
of the human brain extract and human recombinant full-
length BP180 and BP180-NCI16A.

Anti-BP180/BP230-positive sera were examined through
SSS-1IF, and no epidermal side fluorescence signals were
observed in the BMZ (Tuable 1). Furthermore, no BP-like
skin lesions were noted in the AD or control group during
the 3-year follow-up, indicating that the appearance of
serum BP180 autoantibodies is not associated with the
clinical onset of BP during short-term follow-up.

Subsequently, we compared the characteristics of anti-
BP180-positive and -negative patients with AD. The results
revealed that compared with the anti-BP180-negative AD
group, the positive group had more male (14/23 vs. 6/25,
60.9% vs. 24.0%; P<0.05) and older patients (74.0 vs.
72.2 years; P<0.01), suggesting that elderly male patients
with AD may be more likely to exhibit an autoimmune anti-
BP180 serum response.

Discussion

BP180 is expressed not only in basal keratinocytes but also
in the nucleus basalis and hippocampus of the brain (6).
Coincidentally, the nucleus basalis of Meynert and
the hippocampal region, which exhibit strong BP180
expression, are well-recognized predilection areas for
AD-related lesions (5). Specifically, BP180 is located in
lipofuscin granules, which are also associated with AD
and ageing processes (23,24). Our data demonstrated that
anti-BP180 autoantibodies are more frequent in AD. In
a study by Kokkonen (25), 18.0% (20/115) of patients
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Figure 1 Detection of anti-BP180 antibodies in AD or control sera by immunoblotting. (A,B) 9 out of 23 AD samples and one healthy control
sample reacted with human recombinant full-length BP180 and BP180-NCI16A. (C) 11 out of 23 AD samples recognized a 180-kDa protein
from human brain extract. (D) 5 out of 16 AD samples recognized a 230-kDa protein from human brain extract. C, positive control antibodies
(anti-BP180/230 antibodies and sera from a patient with BP); N, negative controls (5.0% defatted milk powder); AD, Alzheimer’ disease.

with AD were positive for BP180, which was close to our
current result (9/48, 18.8%). Furthermore, we found that
18.8% (9/48) of AD samples reacted with BP180-NCI16A,
the major epitope of dermal BP180, which revealed that
these autoantibodies found in patients with AD could also
react with BP180-NCI16A similar to in patients with BP.
Moreover, different ELISA results have been reported
in several studies. For example, Foureur ez 4. (26) tested
BP180 antibodies in 138 patients aged over 69 years with no
signs of BP (69 patients with dementia and 60 nondementia
controls) and found BP180 autoantibodies in 7% (9/138)
of dementia patients, which was obviously lower than the
proportion in our study. In Messingham’s study (27), only
one of 26 (3.8%) patients with different types of dementia
had detectable autoantibodies against NC16A. The differing
results of these studies may be explained by methodological
differences, different inclusion criteria, different sample
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sizes, or different average ages (25).

In the present study, we observed that the serum
samples of anti-BP180 antibody-positive patients with AD
recognized a 180-kDa protein of the human brain extract
as well as human cutaneous BP180 and BP180-NC16A,
which increases the likelihood that BP180 indeed serves
as a common autoantigen in AD and BP. Low titers of
anti-BP180 autoantibodies may be biomarkers for BP at a
later stage. In a previous study, we found that the 180-kDa
proteins of mouse and human brains can be recognized
by the serum samples of patients with BP + ND (19,20).
Therefore, the current study adds data to the hypothesis
that BP antibodies in patients with AD could cross-react
with antigens in both the skin and brain. In our studies,
BP180 immunoblotting revealed a single band of 180 kDa
in the normal human brain extract, which was the same

with the molecular weights of keratinocytes. By contrast,
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Seppinen (6) found that BP180 immunoblotting revealed
a single band of 150 kDa in the post-mortem human brain
extract, which may be because of the partial degradation
of the protein during post-mortem delay (6). Besides, sera
from five patients with AD reacted with a 230-kDa band
of the human brain extract (Figure 1D). Yang et al. (28)
found the weight of BPAG1n (neuro isoform of BP230) was
280-kDa, and a ~250-kDa unknown band was also detected.
Moreover, approx. 10% molecular weight bias is usually
difficult to avoid in immunoblotting. Therefore, the 230-
kDa protein present in the brain extract in our study may
be identical with the ~250-kDa band in the study of Yang
et al. (28) or the degraded BPAGIn in brain. The positive
rate of anti-BP180 antibody of ELISA was higher than
that of immunoblotting in our study (7able I). A meta-
analysis described ELISA as a quantitative test with high
sensitivity and specificity (87% and 98-100%, respectively)
for diagnosis of BP (29), while immunoblotting was a rather
semi-quantitative test, potentially explaining ELISA positive
patients with negative immunoblotting results.

None of the individuals exhibited IgG reactivity against
the BMZ by SSS-IIF in our study. Consistently, no patients
with AD or controls exhibited BP-like skin lesions during
the 3-year follow-up, which is consistent with the findings of
studies conducted by Kokkonen (25) and Messingham (27)
in AD and Parkinson’s disease. All these negative results
from our study and above published researches suggest
that autoantibodies found in patients with AD may be
from the central nervous system and not identical to those
in BP patients. This likely has several causes, the first of
which is distinct epitopes. The autoantibodies in AD tend
to recognize BP180 in its native conformation rather than
its denatured conformation (22). Second, the titers of
antibodies may be too low to develop BP skin lesions. In
BP, autoantibody titers are markers for disease activity and
fluctuate with disease severity (9). Third, some patients
might be misdiagnosed because of the early-stage, atypical,
nonbullous variants of BP, such as excoriated, eczematous,
or urticarial lesions (30,31). Fourth, according to a
systematic review of epidemiological studies, ND preceded
BP in the majority of cases with a mean time interval of
6.7 years (18). We speculated that the sample size may be
not large enough, and the follow-up period may be not
long enough to develop BP-like skin lesions. In the future,
a larger sample size and longer follow-up should help
further elucidate the relationship between BP autoantibody
development and BP-like skin lesions.

Based on these observations, we speculated that damage
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or alterations in the human central nervous system during
the course of AD may expose neuronal isoform of BP180
in brain, thereby triggering an immune reaction that,
along with immunological cross-reactions, determines
future cutaneous damage (19,20). On the one hand, the
activation of neuroinflammation in AD has been confirmed
by many studies, which is both a cause and a consequence
of AD (32,33). Chronic neuroinflammation in AD or
ageing individuals activates the peripheral immune system
to eliminate AP (34). In addition, a weakened blood-brain
barrier permeability in AD supports the adaptive immune
response (32,35). On the other hand, it was reported
that the positive rate of anti-brain antibodies in AD was
significantly higher than that of normal people (36). Animal
models showed that vaccination with Ap1-42 produces a
Th2 response that encourages B cells to produce anti-Ap
antibodies (35). As previously described, BP180 expression
and AP deposition could occur in the same regions of the
brain. All these findings prompted us to speculate that the
neuronal isoform of BP antigen act as a shared autoantigen
in both AD and BP. It is possible that alterations in the
central nervous system in the course of AD could expose
the neuronal isoform of BP antigen, triggering an immune
reaction that, along with the immunological cross-reactions,
results in the development of BP (19,20). However, this
supposition requires further experiments for verification.

In summary, anti-BP180 autoantibodies exist in patients
with AD and recognize a 180-kDa protein of human brain
extract as well as human cutaneous BP180 and BP180-
NCI16A. These observations raise the possibility that BP
180 acts as a shared autoantigen in both AD and BP. In
addition, our study suggests that old age and male sex may
be risk factors for developing BP antibodies in AD. Future
studies using longer-term clinical follow-ups as well as
animal or cell models may help to further clarify why BP is
significantly associated with NDs.
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