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Abstract

Al z h ei me AD}is apiogressive reeurodegenerative disontbere reuroinflammatiorand
immune cellsarekey pathologicalfactors. Recently it was suggested a possible association between
AD and human herpesvirus 6 (HHB) infection. Sinceve recently observed that Multiple sclerosis
patients withKIR2DL2 expression on Natural Killer (NK) cells are more sjdible to herpesvirus
infection, wetested the possible implication of KIR/HLA genefar HHV-6A infection. We
identified, for the first time, a possible implication of a specific KIR/HLA subset in Abe
combination KIR2DS2/KR2DL2/C1 correlated with dower MMSED; score, representative of a
severe AD status andh éncreased susceptibility to HH&A infection. Thereforeheresults seem to
converge on the hypothesis that herpesvirus infection might play a role in AD. If this hypothesis finds
experimental confirmation, a new therapeutic strategy, modulating KIR2DL2 expression on NK cells,

for AD might be envisaged.
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Introduction

Al zhei me r(AD3 is the mostaz@menoneurodegenerative disease worldwide, representing
60-70 %of all dementa case$§l]. Neuroinflammations a key factom AD pathologyandimmune

cdls play a functional role inmodulating soluble molecules including neuroendocrines
neurotransmittersand cytokines [2, 3]. Several studies have reported that the presence of
proinflammatory cytokines and lymphocyte subset distribution can be disturbed[) B|]DNatural

killer (NK) cells are key effectorsf the immune systengue to their human leukocyte antigen
(HLA)-restricted cytotoxic activityNK inhibitory receptors prevent NK cefhediated attack against
normal cells whereas cells with compromis#idA class | expression (e.g. by tumtoansformation

or viral infection)are susceptible to NK celinediated killing.There are two main types &fK
inhibitory receptors : (i) killer Igike receptors (KIRS) specific for determinants shared by groups
of HLA-A, HLA-B or HLA-C allotypes[4] and (ii) CD94/NKG2A, recogniag HLA-E [5].
Inhibitory KIRs have long cytoplasmic tails (KIR containing twammunoreceptor tyrosinbased
inhibition motifs (ITIMs) that, upon phosphorylation, shut down NK cell activatiesch KIR
displays two (KIR2DL) or three (KIR3DL) extracellular-tipmains conferring specificity for HLA
allotypes.The inhibitory KIR2DL1, KR2DL2 and KIR2DL3 receptors recognidestinct HLA-C
allotypes KIR3DL1 ligands are HLAB moleculeswith the Bw4 epitope and KIR3DL2 binds HEA

A3 and HLAALL

Although the immunobiology of NK cells in neurodegeneratlis=ases such asulliple sclerosis
(MS) is well studied, little is known regarding theole in AD[3]. NK cellshave twamain functions
killing of target ells andcytokineproduction NK cellskilling takes place by secretion pérforin

and granzymeand mediators of apoptosiE NF - r elpatped d si s- i nduc)iNKg | i g
cells maysecreteboth immunostimulatory and immunomodulatory cytokines such as interferon
(I FN) - vy, TNF- a, granul ocyte monocyt e col ony
transfor mi ng gr oketiimunfe aysténoim AD(pa&tienEs)is-s@verely affected and

several studies reported that proinflammatory circulating cytokines and lymphocyte subset
3



distribution can be disturbed in Al3]. Theimplication ofNK cells in AD immunopathogenesigas
observed b¥rishnaraj[6] who showedhatcholineesterase inhibitorsould suppressxpansion and
cytotoxic function of NK cells in AD gtients with an
improvement of clinical status\ragaetal.[7] showed that the functional potential of NK cells in

AD patients was significantly lowethan in normal controls.Also aher researchers reported
decreased NK cytotoxic function [3]. Thus, evaluating therole of NK cells in the
immunopathogenesis of AD maypennew horizors for designingnoveltherapeutic methods.

In our recent studies on MS, wabservedthat patients withKIR2DL2 expression are more
susceptible to herpesvirus infectid8, 9]. In particular, MS patients positive forKIR2DL2
expression oMK cells failed to controherpes simplex virus (HSV-1) infection and secreted high

levels of Th1l7 cytokines, while MBatients negative fd{IR2DL2 on NK cells had an efficient

killing of virus-infected cells andeleased Thl cytokined-urthermore, wéiave evidencéhat the

lack of activation of KIR2DL2 positive NK cell takes place in the presencé ather human
herpesvirusesuch as EBV and HH¥ (Rizzo R et al.manuscript in preparation). lawer NK cells
intracerebralsurveillance triggered by herpesvirus infection could have an importaninrd/s
pathogenesis.

AD has been associated with a possible infective aethi¢d@yand almost three decades ago was
suggested for the first time a possible involvementi@fpes simplex virus type 1 (HSM [11]. The
everincreasing number of these studies warrarsveduation ofa possible association between

HSV infection and AD. In humandjerpesvirusbrain infectionhas beerassociatedo AD-like
pathology{12-14. I n mice and in cell culture, Afe depo
observed after infection with HS¥[1518],anda di rect i nteracti-blmsbet w
been reported19]. Antivirals, including acyclovir, block in vitro HSV-1-i nduced AB an
pathology[20]. HSV-1 reactivation anderopositivitycorrelate with incident Ap12, 13] and the use

of antiherpetidrugsreduces the relative risk ofrsle dementia by a factor of 1@4]. Apolipoprotein

E (APOE), a risk factor for ADincreases HSM-induced brain damag@1l]. Inside the brain, ApoE,
4



characterized by three allelic forms: APOE2, APOE3, APOE4, helps to cleaarbglaid, a plaque
component. ApoE €2 appears to perform this fu
in the middle. Interestingly, ApE €4 i s a risk factor for vascul
dementig 22, 23], can increase the risk of atherosclerosis and sf@emay induce the response

to stress or injury24], increases the risk for AD and lowers the age of o2&t

Furthermore, it has been suggedteat there is a cumulative correlation between multiple herpesvirus
infections and cognitive decline in patients with vascular disg#eAlso, a connection between
cytomegalovirus€@MV) and AD was madgshowing thaCMV IgG and IFNy levelsin cerebrospinal

fluid correlate with neuropathologic characteristics of R[] and withan increased rate of cognitive
decline[28§].

Recently it was suggestedpassibleasociation between AD and human herpesvirgsiidVv-6)
infection[29]. The Authors constructing multiscale networks of ladtaset AD observed increased
presence oHHV-6A in AD patientsthan incontrols, suggesting viral activity as a general feature of
AD. HHV-6 is classified intwo distinct speciedidHV-6A andHHV-6B [30], but he term HH\/6

remains in usagfr bothspeciesThe two viral species araife similar, shang many similarities,

but differ for cell receptorspecific tropism and disease associatiddV -6 preferentially replicates

in activated CD4+ T lymphocyt¢81, 32], butcan infect ale NK cells, endothelial cells, astrocytes,
oligodendrocytes, and microglial ce[l81]. Thein vivo host tissue range of HH® includes brain,

tonsils, salivary glands, kidneys, liver, lymph nodes, endothelial cells, and monocytes/macrophages
[31, 33-35].

Interestingly, similarly to MS, also AD patients show decreased NK cell acfRjityThese two
observationgi.e. HHV-6A presence and NK cell decreased activation) might support the hypothesis
that NK cells and herpesvirus infection might contribute toilihnunepathogenesis.

Our aim was to testhe possible implication of KIRILA genetic background in ADand its

association with HHWA infection.



Materials and Methods
1. Study subjects

We recruited 8 patients(55-87 years olfiwith an AD clinical diagnosis in accordance with the
criteria of the National Institute of Neurological and Communicative Disorders and -Stroke
Al zhei mer’ s Disease and Rel aADRMOA) [BF. Jhesectr@arisa AS ¢
include a mildto-moderate severitypeuroimaging analysis, and a Mikiental State Eamination
(MMSE;) [37] score of 11.0 t@9.0 at diagnosis (Table 1). MMSE values were corrected by age and
educational levehsproposed by Magni et dI38]. After correction, the MMSEscores ranged from

12.3 to 24.7We recruited 1 severe, 42 moderate and 55 mild pati&lhsatients were recruited at

the Alzheimer Center of the University Hospital, ArcispledS. Annagduring the2004-2006period
Disease severity was-svaluate after one year of follow ufhe study was approved by the Ethics
Committee of the University of Ferrara, and the subjects and the caregivers consented to.the study
Healthymembers of societies for retired people were recruited for the cognitivehyal control

group. Only ethnic Italiaswithout known dementia in first degree relatives were included.

2. Genotyping KIR and HLA
Genomic DNA was isolated from whole blood usthg QIAamp DNA Blood Mini kit (QIAGEN,
Hilden, Germany). Genotyping of KIR and HLA alleles was performed by Olerup typing kit (West

Chester, PA, USA) following manufacturer’ s pr

3. Haplotype reconstruction
Maximumtlikelihood KIR haplotype frequencevere estimated using an expectatioaximization

(EM) algorithm implemented in Arlequin 3[B9]. KIR-inferred haplotypes were compared with



those available on the web site of the official allele nomenclature

(https://www.ebi.ac.uk/ipd/kir/nomenclature.hyml

4. Genotyping APOE
APOE alleles weredetermined bygenotypingat two single nucleotide polymorphisms (SNPs),
rs7412 and rs429358. Genotyping was performed using predesigned Tagman®@s3a4973 10
andC_3084793 20Applied Biosystemsdn the Applied Biosystems 7900rHFast Real Time PCR
Deviation from Hardy Weinberg Equilibrium (HWE) was calculated for the APOE locus, and both

cases (p = 0.86) and controls (p = 0.36) were found to be in HWE.

5. NKO92 cell nucleofection
NK92 (ATCC CRL-2407) cell line was grown in MEMIpha medium (Gibco BRL, Invitrogen
Corporation, Carlsbad, CA, USA) supplemented with 20% of FCS (fetal calf serum), 0.1- mM 2
Mercaptoethanol, 100 U/maf penicillin andstreptomycin and 150 U/mL of {R. Cell cultures \ere
maintained at 37° C in humidified atmosphere of 5%.CO
KIR2DL2-GFPRtagged was inserted irhé plasmid pCMVEAC-GFP (OriGene Technologies,
Rockville, MD USA). Therecombinantplasmid was amplifiedn One Sha&t T OP 10 F’ E.
(Invitrogren).Plasmid DNAwas extracteavith plasmid MAXI kit (QIAGEN, Hilden, Germanyand
nucleofectedn NK92 cells(Ingenid®Electroporation Kit, Mirus Bio LLC, WI USA).Stable cell
colonieswere selectedn the presence 01000 pg/mL of Geneticih (G418 Sulfate, Gibcd).
KIR2DL2 NK92 cells and NK92 control cells were-caltured with infected cells in a 1:5 ratio and
collected for subsequent analyf8s9]. Each experiment was performed in triplicate.
Images were acquired witNikon Eclipse TE20008uorescence microscoguipped with a digital

camera.


https://www.ebi.ac.uk/ipd/kir/nomenclature.html
https://www.thermofisher.com/order/genome-database/details/genotyping/C____904973_10?CID=&ICID=&subtype=
https://www.thermofisher.com/order/genome-database/details/genotyping/C___3084793_20?CID=&ICID=&subtype=

6. KIR2 e beta-actin mRNA analysis

Total RNA was extracted from PBMC by TRIzol (Invitrogen). RNA samples were digested with
DNase (1U/ug RNA) and stored-85° C in ethanol until cDNA synthesis. Two micrograms of total
RNA were reverse tr ans c rStrand &ynthesiSystan (IBviirpgen). Sc r i
cDNA was amplified by specific oligonucleotide primers for KIR2D|40] and houseeeping

control gene betactin[41, 42]. Amplification products were analysed by ethidium bromstained

agarose gel eléophoresis.

7. HHV-6 infection
The human T cell line-Jhan was cultured in RPMI640 (Gibco BRL, Invitrogen Corporation,
Carlsbad, CA, USA) with 10% FCSupplemented with 100 U/ml each of penicillin and streptomycin
and maintained at 37° C in humidified atmosphere of 5% CO2.
J-Jhan cells were infected wihHHV-6A (U1102) cell free inoculuras previously describdd?2].
The day after infection}Jhan cells were harvested for DNA and RNA guantification and for APOE

MRNA analysis oNK92 cells wereaddedat a 1:5 ratio. Each experiment was performed in triplicate.

8. HHV-6 analysis
HHV-6 DNA viral load was analyzed by real time quantitative (qPi@Ryplicate as describef3]
RNA cell extraction was performed using the RNeasy kit (Qiagen, Hilden, GernimypNA
contaminated the RNA samples, as shiwn o n t -aconlPCHBwithout retrotranscripti¢al, 42].
Reverse transcription was performed by the RT2 First strand kit (Qiagen, Hilden, Germany). cDNA
aliquots corresponding to 200 ng RNA were used for virus transcription analysis, performed by gPCR

detecting the expression of Ud2ne, as previously reportpt4] .

9. Sp1 phosphorylation status analysis



Spl phophorylation was evaluated by Westdlot. Proteins were extracted by RIPA buffer and
readyto-use cocktails of protease and phosphatase inhibitors (Abcam,Rudtginconcentration

was quantified by Bradford assay (BRad Laboratories). Similar amogmf protein wereloaded in

12% TGXPrecast gel (Biorad, Segrate, Ml, Italy), with subsequent electroblatfiing merbrane

was incubated with 1:200p& (ProSci Incorporated;oivay, CA, USA) or antphospho $1 (pThr)
(SigmaAldrich; Saint Louis, MO, USAmonoclonal antibodies. A horseradish peroxidase (HRP)
conjugated antimouse antibody (1:5000; Amersham Biosciences, NJ, USA) was added and developed
with the ECL kit (Amersham Biosciences, NJ, USA). The images were acquired by GelDoc EZ

System (BioRad; Mdno; Italy).

10. PKA analysis
PKA was extractedrom 1077 cellswith PepTag® NofRadioactive Protein Kinase Assays
(Promega, Milano, Italy). The inhibition of PKA activity was obtained with increasing concentrations
(0.25, 0.5, 1.0, 2.0, 2.5 uM) of KT 5720¢8aAldrich, S. Louis, MO, USA), a specifiahibitor of

protein kinase A.

11. Carboxyfluorescein diacetate succinimidyl ester (CFSE) analysis
Infected cells were assess for cell-mediated cytoxicity, using 7AAD/CFSE Caetiediated
cytoxicity assay kit Cayman ChemicalsAnn Arbor, MI, USA), according to the
protocol Labelled cells were analyzed with FACSCantoll flow cytometer (Becton Dickinson,

Milano, Italy) and FlowJo software (FlowJo LLC, OR, USA).

12. APOE expression
J-Jhancells infected with HHV-6A (U1102)were harvested aftdr, 3, 7, 14, 2Hday post infection.
Total RNAwas extractedRNeasy kit Qiagen, Hilden, Germanynd checked for the absence of

contaminating DNA41]. RNA reverse transcription was performad described aboveApoE
9



expression analysis was performed@NA aliquots corresponding to 200 ng RN&ing Applied

BiosystemsGene expression analysis (Hs00171168.m1)

13. Statistical analyses
To detect significant departure from Harlilyeinberg equilibrium, we used the extended version of
Fisher’s exact test [3gpésts ofassaciation betweemgerotgpguanch 3
cognitive changes were performed with a logistic regression adjusted for age, sex, baselineg MMSED
to testthe possible association between disease status and KIR. Biological variables were evaluated
by Student t test by Graph pad softwarevgdue < 0.05 was considered to be statistically significant.

p values were correctedddor multiplecomparisonsusing Bonferroni correction.
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Results

1. KIR/HLA combinations

Patient characteristics asfown in Table 1Frequencies and distributions of Ki¥leleswere in
Hardy Weinberg equilibrium arette summarized in Table Ratients withAD showed a significantly
increased frequency of the activating receptor KIR2[B2% vs.37.3%; pc: 2.2x10°) and a reduced
frequency of the activating receptor KIR3DSB 6% Vvs.32.®%6; pc:2.9x10%). A highernumber of
AD patients hadncreased inhibitory receptor KIR2DLE2.26 vs 36.4%6, pc: 2.2 x1F). No
significant differences were found the distributionof KIR genotypegAA or Bx) but there was an
increase in HLAC1/C2 genotype in AD patients (45.9% vs 22.7%; pc: 23%x1When analyzing
KIRs and their respective ligandsetitombination KIR2DS2/KIR2DL2 presé@tl present, was
significantly increasedin AD patients (48% vs 28.2%; pc:0.037while the combination
KIR2DS2/KIR2DL2 absent/C1 presemés significantly decreased in AD patients (6.1% vs 30.9%;
pc:5.1x1). After including all variables logistic regressiorthe increased frequency of KIRRD
and increasedrequency of the combination KIR2DSRIR2DL2 presemC1 presentnaintained a
strict correlation with AD (p=0.02; p=0.01 respectively).

There was a significant lower MMSED, score at diagnosis in patients with the
KIR2DS2/KIR2DL2/C1 combination(p=0.0002)(Figure la) Disease severity at diagnosis, ADL
and IADL did not present any correlation with KIR/HLA combinations (Figure 1dntrestingly,
the worsening of the diseastatusafter oneyear followrup was more evident ipatients with te
KIR2DS2/KIR2DL2/C1 combination. In fact4 of 20 patients with a worsened diseasatushad

KIR2DS2/KIR2DL2/C1 (p=0.0045).

2. KIR/HLA combinations and APOE alleles and expression
Frequencies and distributions of APOE alleles were in Hardy Weinberg equilifmerfrequency

of APOE €4 al | eADepatients (@c: O000q8h €rabte ) AR OE € 4waa |l |

11
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significantly more frequenh AD patientswith theKIR2DS2/KIR2DL2/C1lcombination(p=3.9x10

°) (Table 4)

We evaluated the possible effect of HH¥ infection onapdE €4 expressionThe results, shown in
Figure 1, evidence that apa® mRNA synthesiss enhanced by HHMA infection, in a time
dependentorrelationIn particular, there is a clear correlation between the enhancement ir6HHV
RNA production and the increaseapdE ¢4 mRNAat day 3 p.i. with a peak at day 14 gHigure

1),

2. KIR2DL.2 receptor and HHV-6 infection

Since KIR2DS2/KIR2DL2/CXombination has been shown to increase the susceptibil{$i61
infections[9], weevaluated ithis might be the case aléor HHV-6A. NK92 cell line,negative for
KIR expressionwas nucleofectedith KIR2DL2 or control plasmidGFP)(Figure2d). Efficiency
of transfection wa89% (Figure2e). NK92GFP and NK9ZKIR2DL2 cells wereco-cultured with
HHV-6A infected T cells, expressing HEE1 allele. NK92GFP cells were able to control HFGA
infection, reducing viral titrewhile NK92-KIR2DL2 cells did not (Figure 2f) (p<0.00). The
blocking of KIR2DL2 receptor with CD158b moAb, specifor KIR2DL2 receptor, reverted the
effect of KIR2DL2 expression on NR cells, reducing HHW6A titre to values similar to those
obtained inNK92-GFP cells(Figure 2f). To ersure that NK9Z5FP cells kiled HHV-6A infected
cells and not only to preveniral replication,cells were anazedby flow cytometry. We observed
no modification itHHV-6A infectedcell percentageshen co-cultured with NK92-GFP cells (Figure
2g). On the contrary, NK9KIR2DL2 cells reduced CFSEcell percentage, indicating lsigher

proliferation of the cells and suggesting the inability of NKAR2DL2 cells to kill infected cells.

3. Involvement of PKA/Sp1 pathway
Since KIR2DL2 expression is controlled by specific transcription fadéls we evaluated the

modulation of $1 phosphorylation (pThr)highly represented ilNK92 cell line [46, 47]. We
12



observed an increase in Spl phosphorylatiddk®2 cells coculturedwith HHV-6A infected cells
(Figure 3a). Since Spl DNA binding properties are stimulated by cAddpendent protein kinase
(PKA) [48], we looked at possible differences in PKAaty. PKA activityincreasedn NK92 cells
co-cultured with HHV6A infected cells (Figure 3b). Interestingly, Spl1 phosphorylatiorwas
decreasedh the presence of K5720,a PKA inhibitor, even in the presencé HHV-6A infected
cells (Figure 3c). These data suggestat the PKA/Spl pathwaymight be involved inKIR2DL2

expression on NK cells, inhibiting their activatidaring HHV-6A infection.

13



Conclusions

In this study, v describe a possible role forspecific KIR/HLA subset in AD. We observed an
increased frequency of KIR2DS2/KIR2DL2/C1 in AD patiethistcorrelateswith a lowerMMSED;

score at diagnosis and a worsening of the disease status in the one yeaugoouwce we have
previously shown thathe combination KIR2DS2/KIR2DL2/C1 results arhigher susceptibility of

MS patients to herpesvirus infections, this genetic background might have a role also in herpesvirus
infection in AD. Interestingly, both activagrKIR2DS2 and inhibiting KIR2DL2 receptors resulted
increased in AD patients. KIR2DL2 and KIR2DS2 are in linkage disequilibrium, implying they are
“preferentially associated” with one aneother
expressed, NK cell inbition via KIR2DL2 overrides NK cell activation via KIR2DSP49]. We
hypothesized that AD patients with KIR2DS2/KIR2DL2/C1 might be less prone to cbiMi6A
infection and, in more general termbepesvirus infection The in vitro experiments on NK92
KIR2DL2 cells showed an impairedontrol of HHV-6A infection in comparison with wild type
NK92-GFP. Interestingly, NK92 cells challenged with HH¥A infected cells increased the
phosphorylation status &pldue tdoth PKA activity and the direct transactivating effect of HHV

6 on Sp1l binding sitg$0]. Since KIR2DL2 promoter has a Spl binding §4§, the activation of

Sp1 could affect the expression of KIR2DL2 on the surface of NK cells in the presence svinespe
infected cells[9]. Meanwhile, the activation of PKA could have a role in AD neurofibrillary
pathology, directly participating in the tau pathological hyperphosphorylgitjnWe hypothesize

that HHV-6A infection might induce PKA activation, tau hyperphosphorylation, and Spl
phosphorylation, thereby increasing its binding with the KIR2DL2 promoter. Ovessxpneof
KIR2DL2 will consequently inhibit NK cell§9], possibly with a direct role AD. Previous studies
have already described the possible involvement of NK cells in AD inipati®genesi$7],
showing a lower NK cell functional potential in AD patiep®}. Solerteer al. suggested that the
overactivity of NK cells AD patients could be related to the dysregulation of PKC (protein kinase C)

expression52], similarly to what we observed for PKA.

P



Taking into consideration the genetic background of AD patientsgshecessary to look at APOE
allelic distribution. Inside the brain, ApoE, characterized by three allelic forms: APOE2, APOES3,
APOE4, helps to clear betanyloid, a plague component.eXonfirmed thafAPOE¢e4 allele has an
increased frequency in AD patier(fBable 3 and 4), and, interestingly, this was more frequent in
KIR2DS2/KIR2DL2/C1 AD patients. These results suggest that APO#& allele and
KIR2DS2/KIR2DL2/C1 could have a combined effect in a ragéne form of AD. In particular,
APOE is able to inhibithe activation of immune cells, and therefore it could enhance the NK
inhibition associated t&KIR2DS2/KIR2DL2/C1 We also observed that HH®A infection up
modulatesapoE ¢ 4 xpression. Moreover, apoE increases PKA acti{fi§] and, conversely, the
secretion of apoE occurs via a PKiependent pathwdyp4]. Therefora loop could be established,
with HHV-6 increasing apoE 4expression and this would further decrease an already reduced
KIR2DS2/KIR2DL2/C1 NK patrolingactivity.

The involvement of NK cell in AD could include their defensive role towards HHV infections,
leading to the deregulation of immune system and resulting in the AD progrgssio@ur results

with NK92-KIR2DL2 cells expressing only KIR2DL2 and not other KIR receptors that could
confound the analysis, supports this possibilidigher herpesvirusnfection might lead to
hyperphosphorylation and polymerization of tau proteins, induce arqyjoegtide (A3) fibrilization

and depositior{56], suggesting that herpesviruses might have an important role also in several
features of AD pathology.

In conclusion, the possible role ledérpesvirus infection in AD development/control is supported by:

i) the increase of KIR2DL2/C1 genotype in AD patients (Table 2), ii) a lowethanpietic activity

of KIR2DL2 positive NK cells (Fig 1f)9], iii) a lower NK activity in AD[2], iv) an increased
abundance of neurotropic herpesviruses in[2@t hat pr omot ¢56]A0dthe ergatios i t i
of a molecular environment favourable for tau fibrilization (Fig 2b).

To confirm this hypothesis, further studies are needegk etvo samples from AD patients. If this

hypothesis finds experimental confirmation, a new therapeutic strategy for AD might be envisaged.
15



In fact, modulation of KIR2DL2 expression on NK cells, as already proposed for other pathological

conditions[57] [58], could restore their arlierpetic surveillance.
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Figure legends

Figure 1. J-JhanT cell lines were infected with HHBA at a multiplicity of infection 0fL00 genome
equivalent/cellVirus presence (DNA) and transcription (RNA) were evaluated respectively by gPCR
and RFgPCR performed on U94 and U42 virus genes respectively, at 1, 3 and 7, 14, 21 d.p.i., as
already detailed. mMRNApE ¢ 4 e xwas evaduatedorwdhan cells at 13 and 7, 14, 21 d.p.i.
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Figure 2. a) MMSED, (mini-mental state examination at diagnosis), b) Ab(&xtivities of daily
living at diagnosis) and c) IADLinstrumental activities of daily living at diagnosis) distribution
according with the KIR2DS2/KIR2DL2 present/C1 present combination. **p value <0.05, obtained
by logistic regression. d) NK92 nucleofected cells wtbMV6-AC-GFP (RG224797, OriGene
Techndogies, Inc. 9620 Medical Center Drive Suite 200 Rockville, MD 20850 USA) (NBBR)

or pPCMV6-AC-KIR2DL2 (GFR tagged Human killer cell immunoglobulitike receptor, two
domains, long cytoplasmic tail, 2NK92-KIR2DL2) plasmid. GFP expression was evatahafter

12 days of selection. e) Beta actin and KIR2DL2 mRNA expression in NK92 (WT), NK92
nucleofected cells witpCMV6-AC-GFP (GFP) or pPCMVEC-KIR2DL2 (KIR2DL2) plasmid. f)
HHV-6A infection of 3Jhan cells and eoulture with NK92 nucleofected cells thipCMV6-AC-

GFP (NK92GFP) or pCMV6AC-KIR2DL2 plasmid with (NK92KIR2DL2 + CD158b) or without
(NK92-KIR2DL2) the addition of artKIR2DL2 moAb (CD158b). Virus DNA presence was
evaluated using an amount of 100 ng of DNA. Results are expressed as meatatgegifiolecules.

g) Mean results obtained for CFSE Fluorescent cell staining of-BidWhfection of 3Jhan cells co
cultured with NK92 nucleofected cells withCMV6-AC-GFP (NK92GFP) or pCMVEBAC-
KIR2DL2 plasmid with (NK92KIR2DL2 + CD158b) with (NK92KIR2DL2 + CD158b) or without
(NK92-KIR2DL?2) the addition of artKIR2DL2 moAb (CD158b). * p value <0.05, obtained by

Student t test. Each experiment was performed in triplicate.
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Figure 3. a) Western Blot analysis for the evaluation of Spl and pThrSpl expression in NK92 cells
in co-culture with HH\A6A infection of 3Jhan cells (HHW6A). b) PKA activity in NK92 cells in co
culture with HH\A6A infection of 3dJhan cells (HHW5A). c) Fold incrase of pThrSpl in NK92 cells

in co-culture with HH\:6A infection of dJhan cells (HHW6A) in the presence of increasing
concentration§0.25, 0.5, 1.0, 2.0, 2.5 uMf KT 5720,a specific, celpermeable inhibitor of protein

kinase A.* p value <0.05, obfaed by Student t test. Each experiment was performed in triplicate.
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Table 1. Baseline characteristics

Baseline characteristics AD Control
(mean+SD) (mean+SD)
Female: Male 65:33 66:34
Age (years) 75.945.5 74.314.2
Age at diagnosigyears) 73.3£5.5 -
MMSED, score 19.4+3.6 -
ADLD, score/8 5.4+0.88 -
IADLD | score/19 13.1+2.3 -
MMSED, score 19.3+3.2 -

MMSED:: mini-mental state examination at diagnosisrrected by age and educatigkDLDI:
activities of daily living at diagnosis; IADLDI: instrumental activities of daily living at diagnosis.
Higher score indicates better performances in normal daily activities (ADL, IADL) or better cognitive
functions.
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Table 2. KIR/HLA frequency

KIR and HLA AD % Contro % p Pe
(N=98) 1
(N=110
)
Activating KIR
KIR2DS1 49 50 45 409 0.21
KIR2DS2 61 62 41 37.2 2.8x10* 2.2x10°
KIR2DS3 35 357 31 28.2 0.29
KIR2DS4 85 87 91 82.7 0.45 3.6x10*
KIR2DS5 46 46.9 33 30 0.015
KIR3DS1 12 166 36 32.7  4.9x10* 2.9x10°
Inhibitory KIR
KIR2DL1 88 89.8 95 86.4 0.52
KIR2DL2 61 62.2 40 36.4 2.8x10* 2.2x10°
KIR2DL3 71 724 85 77.3 0.52
KIR2DL4 98 100 110 100 0
KIR2DLS 59 60.2 50 455 0.038
KIR3DL1 92 939 91 82.7 0.018
KIR3DL2 98 100 110 100 0
KIR3DL3 98 100 110 100 0
KIR genotype
AA 26 26.5 32 29 0.35
Bx 72 73.5 65 59.1
HLA genotype
cl/c1 25 255 22 20 0.41
C1/Cc2 45 459 25 22.7  4x10% 2 x10°
C2/C2 28 28,5 47 42.7 0.042
HLA-Bw4 77 786 78 709 1
HLA-Bw6 91 929 92 83.6 0.054
KIR and their ligands
KIR2DS1/KIR2DL1  pres/HLAC2 39 398 31 28.2 0.08
pres
KIR2DS1/KIR2DL1  pres/HLAC2 10 102 9 8.2 0.64
abs
KIR2DS1/KIR2DL1 abs/HLAC2 2 2 1 0.9 0.60
pres
KIR2DS2/KIR2DL2  pres/HLAC1 47 48 31 28.2 0.0041 0.037
pres
KIR2DS2/KIR2DL2  pres/HLAC1 14 143 15 136 1
abs
KIR2DS2/KIR2DL2 abs/HLAC1 6 6.1 34 30.9 5.7x10° 5.1x10°
pres
KIR3DS1/KI3DL1 pres/ HLABw4 29 296 27 245 0.88
pres
KIR3DS1/KI3DL1 pres/ HLABw4 9 9.2 8 7.3 0.80
abs
KIR3DS1/KI3DL1 abs/ HLABw4 1 1 3 2.7 0.62

pres
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p: p value obtained by i s h er ' sp: eoxrected p value Emultiple comparisons (Bonferroni
correction).
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Table 3. APOE allele frequency

Allele frequencies

€ 2 € 3 € 4
Alzheimer patients 7.2 52.4 40.4
(98)
Control subjects (1100 11.4 74.6 14.0

Table 4. KIR/HLA frequency in combination with APOE allele frequency

AD (N=98) Control (N=110)
€2 € 3 €4 €2 €3 €4
KIR2DS2/KIR2DL2  pres/HLAC1 6.4 42.6 46.8 9.7 64.5 16.9
pres
Other combinations 7.8 62.7 35.3 10.1 68.4 11.4

32



