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Abstract

Alzheimer’s disease (AD) is a neurodegenerative disease characterized by a progressive decline in cognitive performance;
Mild Cognitive Impairment (MCI) is instead an objective decline in cognitive performance that does not reach pathology.
Paired immunoglobulin-like type 2 receptor alpha (PILRA) is a cell surface inhibitory receptor that was recently suggested
to be involved in AD pathogenesis. In particular, the arginine-to-glycine substitution in position 78 (R78, rs1859788) was
shown to be protective against AD. Herpes simplex virus type 1 (HSV-1) infection is suspected as well to be involved in
AD. Interestingly, HSV-1 uses PILRA to infect cells, and HSV-1 infects more efficiently PIRLA G78 compared to R78 mac-
rophages. We analyzed PILRA rs1859788 polymorphism and HSV-1 humoral immune responses in AD (n=61) and MCI
patients (n=48), and in sex and age matched healthy controls (HC; n=57). The rs1859788 PILRA genotype distribution was
similar among AD, MCI and HC; HSV-1 antibody (Ab) titers were increased in AD and MCI compared to HC (p <0.05 for
both comparisons). Notably, HSV-1-specific [gG1 were significantly increased in AD patients carrying PILRA R78 rs1859788
AA than in those carrying G78 AG or GG (p =0.01 for both comparisons), and the lowest titers of HSV-1-specific IgG1 were
observed in rs1859788 GG AD. HSV-1 IgG are increased in AD patients with the protective R78 PILRA genotype. Because
in AD patients brain atrophy is inversely correlated with HSV-1-specific IgG titers, results herein suggest a possible link
between two important genetic and infective factors suspected to be involved in AD pathogenesis.
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Introduction greater than normally expected, but that cannot be defined as

pathological (Tangalos and Petersen 2018). The etiopatho-

Alzheimer’s disease is an inflammatory and chronic neu-
rodegenerative disease, characterized by behavioral abnor-
malities, progressive decline in cognitive performance, and
loss of normal ability to function of activities in daily living
(McKhann et al. 2011). Mild cognitive impairment (MCI)
presents an objective decline in cognitive performance,
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genesis of AD is still not known but is very likely due to
the interaction among several factors. Genetics is one of
these factors, as many genes are associated with the disease,
though the only known confirmed genetic risk factor is the
Apolipoprotein E gene (ApoE) (Roses 1998).

Paired immunoglobulin-like type 2 receptor alpha
(PILRA) (Rathore et al. 2018) was recently suggested to
play an important role in AD. PILRA is a cell surface inhibi-
tory receptor expressed on innate immune cells, including
microglia, that recognizes specific O-glycosylated proteins
(Mousseau et al. 2000); the interaction down-regulates
inflammation (Wang et al. 2014; Sun et al. 2014; Kohy-
ama et al. 2016). The PILRA gene is characterized by the
rs1859788 A/G polymorphism that causes the 78 aa substi-
tution of Glycine (G), coded by the G allele, with Arginine
(R), coded by the A allele. The rs1859788 SNP was shown
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to be an AD risk locus (Lambert et al. 2013), and, in par-
ticular, R78 was suggested to protect against AD develop-
ment and progression (Rathore et al. 2018). Notably, PILRA
inhibits microglial activation via PILRB/DAP12 signaling
(Mousseau et al. 2000): the R78 substitution alters the access
to SA-binding pocket in PILRA, reducing the binding capac-
ity of cellular endogenous ligands including PIANP and
NPDC1, thus increasing microglial activation (Wang et al.
2014, Kohyama et al. 2016).

Infections are also hypothesized to contribute to the
etiopathogenesis of AD (Itzhaki et al. 2016); human her-
pes simplex virus type 1 (HSV-1), in particular is strongly
suspected to be a major actor in AD (Ball, 1982; Agostini
et al. 2017; Harris 2018). We observed that HSV-1 1gG
titers positively correlate with grey matter volumes in AD
patients (Mancuso et al. 2014a; Agostini et al. 2018) and that
in MCI individuals HSV-1-specific IgG avidity is inversely
correlated with the likelihood of AD conversion (Agostini
et al. 2016), suggesting that HSV-1 specific antibodies play
a protective role against the disease.

HSV-1 and PILRA are functionally connected as this
virus binds to PILRA to infect cells (Satoh et al. 2008).
Notably, very recent results showed that HSV-1 infects much
less successfully R78 compared to G78 macrophages, sug-
gesting that brain microglia of R78/R78 people might be less
susceptible to the virus infection and more prone to defend
itself during HSV-1 recurrence and reactivation (Rathore
et al. 2018).

We analyzed whether HSV-1-specific humoral immune
responses could be correlated with polymorphisms on
PILRA (G78R) gene in AD and MCI.

Materials and Methods
Patients and Controls

One-hundred-sixty-six HSV-1 seropositive individuals were
included in the study: 61 AD patients, 48 MCI individuals,
and 57 sex and age matched healthy controls (HC). All sub-
jects were recruited by the Rehabilitative Neurology Unit of
the IRCCS Santa Maria Nascente, Fondazione Don Carlo
Gnocchi—ONLUS, in Milan, Italy. Patients were diag-
nosed with probable AD according to the NINCDS-ADRDA
criteria (McKhann et al. 2011) or with MCI according to
Petersen criteria (Petersen 2004). The cognitive status of HC
was assessed by administration of MMSE (score for inclu-
sion as normal control subjects > 28). The study conformed
to the ethical principles of the Declaration of Helsinki; all
subjects or their legal guardians gave informed and written
consent according to a protocol approved by the local ethics
committee of the Fondazione Don Carlo Gnocchi—ONLUS.

@ Springer

Quantitation of HSV-1 Serum Total IgG Titers
and lIgG Subclasses

HSV-1-specific IgG titers were measured in sera by using com-
mercial enzyme-linked immunosorbent assay (ELISA) (IBL
International, Hamburg, German), according to standard pro-
tocol. Optical densities (OD) were determined at 450/620 nm.
HSV-1 IgG titers were expressed as antibody index (Al), cal-
culated by dividing OD measurement generated from the assay
by OD cut-off calibrator. Subjects with AI> 1.1 were seroposi-
tive, whereas subjects with Al <0.9 were seronegative. If the
results were in grey zone (Al between 0.9 and 1.1), the tests
were repeated in triplicated and, if the results remained in grey
zone, the subjects were excluded from the study. Quantitation
of the four different HSV-1 IgG subclasses was carried out
by ELISA using subtype-specific monoclonal antibodies, as
previously reported (Agostini et al. 2018).

PILRA and ApoE Genotyping

Custom-designed TagMan probes were used for the PILRA
1rs1859788 polymorphism genotyping by allelic discrimination
using Bio-Rad CFX96 Touch™ Real-Time PCR Detection
System (Bio-Rad, Hercules, CA, US). Primers and probes are:
Forward primer: 5'-GCT CCC GAC GTG AGA ATA TCC-3;
Reverse primer: 5-GCG GCC TTG TGC TGT AGA A-3';
Reporter 1 sequence: HEX 5'-ACT TCC ACG GGC AGT
C-3'- MGBEQ; Reporter 2 sequence: FAM 5'-ACT TCC ACA
GGC AGT C-3-MGBEQ. Regarding ApoE, custom-design
TagMan probes for the 112 and 158 codons were used to deter-
mine the genotype, as reported in our previous study (Costa
et al. 2017).

Statistical Analysis

Normally distributed data were summarized as mean and
standard deviation (SD), and comparison among groups were
analyzed by ANOVA test and Student ¢ test. Not-normally dis-
tributed data were summarized as median and Interquartile
Range (IQR: 25th and 75th percentile), and comparisons were
analyzed by Kruskal-Wallis test and Mann—Whitney U test,
as appropriate. Qualitative data were compared using Fisher’s
exact test. The statistical analyses were accomplished using
commercial software (MedCalc Statistical Software version
14.10.2, Ostend, Belgium). p value <0.05 were considered
statistically significant.
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Results
Clinical Characterization of Study Subjects

Gender and age were comparable in the three groups
examined; global cognitive levels (MMSE) were, as
expected, significantly reduced in AD and MCI com-
pared to HC (p <0.0001) and in AD compared to MCI
(» <0.0001). A significantly higher frequency of ApoE e-4
carriers was detected in AD (p =0.003) and MCI individu-
als (p=0.008) compared to HC. Demographic and clinical
characteristic of the individuals enrolled in the study are
summarized in Table 1.

HSV-1 Antibody Titers and IgG Subclasses

As per definition of enrollment, all the studied subjects
were HSV-1 seropositive. HSV-1-specific IgG titers were
significantly increased in AD (median; IQR: 8.9; 2.8-13.3
AI) and MCI individuals (8.8; 3.9-14.3 AI) compared to
HC (7.5; 1.3-11.7 AI; p<0.05 for both comparisons)

Table 1 Demographic and clinical characteristics of the individuals
enrolled in the study

AD patients MCI subjects Healthy controls

No. 61 48 57
Gender (M:F) N 25:36 22:26 23:34
Age, years mean+SD 76.5+6.3  73.7+5.7 70.0+8.0
MMSE mean +SD 19.1+4.3~ 253+24  29.0+0.6
APOE ¢-4 carriers 43% 26%* 18

(%)
HSV-1 Ab titers (AI) 8.9 8.8 7.5

Median and IQR (2.8-13.3)° (3.9-143)° (1.3-11.7)

N Absolute number, AD Alzheimer’s disease, MCI Mild cognitive
impairment, M Male, F' Female, N Absolute number, SD Standard
deviation, MMSE Mini mental state evaluation, APOE Apolipopro-
tein E, Al Antibody index, IQR Interquartile range

*p <0.01 compared to HC

"N°p<0.0001 compared to HC

°p <0.05 compared to HC

whereas no differences were observed among the three
groups regarding IgG subclasses.

PILRA rs1859788 Genotype Distribution

Molecular genotyping analyses showed that the PILRA
(A/G) rs1859788 polymorphism genotype distribution was
in Hardy—Weinberg (HW) equilibrium. Genotype and allelic
analyses showed that PILRA rs1859788 was not differently
distributed among AD, MCI, and HC (Table 2).

Association Between PILRA rs1859788 Genotype
and HSV-1-Specific Humoral Immunity

As PILRA is a key protein in the process of HSV-1 entry and
infection of cells, possible associations between HSV-1 IgG
and PILRA genotypes were evaluated. Results showed that
higher HSV-1-specific IgG titers (9.04; 2.8-12.6 Al) were
seen in AD patients and MCI individuals (9.40; 4.43-14.29
Al) carrying the rs1859788 GG genotype which codes for
the G78 residue compared to HC carrying the same geno-
type (7.6; 4.5-11.6 AL, AD vs. HC: p=0.04; MCI vs. HC:
p=0.009). Interestingly, MCI individuals carrying the
rs1859788 GG genotype showed higher HSV-1-specific
IgG titers compared to all the HC groups, regardless the
rs1859788 genotype (p <0.05 for each comparison). How-
ever no differences in HSV-1-specific IgG titers were
observed inside each group when stratified for the rs1859788
genotype. All these results are represented by Fig. 1a.

When HSV-1 IgG subclasses were considered, associa-
tions between IgG1 and the PILRA rs1859788 genotype
were found. In particular, considering each group, AD
patients carrying rs1859788 AA were characterized by sig-
nificantly higher IgGl1 titers (2.78; 2.41-3.24) compared
to AD carrying either the AG (2.03; 0.80-2.82) or the GG
(2.02; 0.39-3.19; p=0.01 for both) genotypes. Finally, sig-
nificantly lower IgGl titers were seen in AD patients carry-
ing rs1859788 GG compared to HC who carried the same
genotype (2.53; 1.38-3.29; p=0.03) (Fig. 1b). No correla-
tions could be detected between PILRA genotypes and either
1gG2, 1gG3, or IgG4 HSV-1-specific antibody subclasses
(data not shown).

Table 2 Genotype distribution

. PILRA rs1859788 AD patients MCI subjects Healthy controls
of PILRA rs1859788 SNP in the
study population n % n % n %
AA 7 11.5 1 2.1 7 12.3
AG 22 36.1 24 50.0 22 38.6
GG 32 52.4 23 479 28 49.1
Total 61 48 57

AD Alzheimer’s disease, MCI Mild cognitive impairment
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Fig. 1 Distribution of serum HSV-1-specific IgG titers (panel A) and IgGl titers (panel B) in AD, MCI and HC subjects according to PILRA
rs1859788 genotypes. Al Antibody index, AD Alzheimer’s disease, MCI Mild cognitive impairment, HC Healthy controls

Discussion

HSV-1 has long been suspected to be involved in AD onset
and development; recent results showing that HSV-1-spe-
cific humoral responses differ in AD and MCI patients
compared to HC (Lovheim et al. 2015; Agostini et al.
2017) suggest that the quality of humoral response may
be important for the development of disease.

We focused our attention on PILRA, a protein expressed
on the surface of human cells which is used by HSV-1 to
infect cells through the interaction with its gB protein, and
whose engagement results in an inflammation-inhibitory
signal (Satoh et al. 2008). Recent results indicated that the
rs1859788 SNP R78 PILRA variant might be protective
against AD (Rathore et al. 2018), possibly because of a
reduced inhibitory signaling in microglia and/or a reduced
susceptibility of the microglia to HSV-1 infection upon
viral reactivation.

Based on these data, we verified whether there is a rela-
tion between the host HSV-1-specific humoral immunity
and the PILRA G78R variant. Initial results confirmed
that AD patients and MCI individuals are characterized
by higher HSV-1-specific IgG titers compared to HC.
Stratification for rs1859788 SNP showed that the differ-
ences remain statistical significant only between AD and
HC carrying the PILRA GG genotype, probably because
this is the most common variant for each group. Notably,
HSV-1-specific IgG1 titers were significantly increased in
AD patients with the rs1859788 AA genotype compared
to those with the AG or GG genotypes. These differences
were not seen in either MCI or HC.
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The hypothesis that PILRA rs1859788 AA genotype
is protective against AD was reinforced by our results
indicating that the AA genotype is indeed very rare in AD
and MCI patients; these differences were not statistically
significant upon comparison with HC, probably because
of the small number of individuals examined.

The temporal and orbito-frontal cortices were shown to
be better preserved in those AD patients in whom higher
HSV-1-specific titers are detected (Mancuso et al. 2014a,
b), because IgG1 is the most abundant IgG subclass (Gill-
jam et al. 1985), we can hypothesize that AD patients with
high IgGl1 titers are characterized by lesser brain dam-
age. Results herein show that those AD patients with the
“protective” PILRA R78 (AA) rs1859788 genotype are
the same in whom higher HSV-1-specific IgGl titers are
present. Conversely, AD patients without the protective
PILRA genotype also have lower IgG1 titers.

Results herein, although preliminary and needing con-
firmation in bigger cohort of patients, indicate the pres-
ence of intriguing interactions between distinct genetic and
environmental risk factors suggested to be involved in the
pathogenesis of AD.
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