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What is ageing?
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Ageing
Ageing is a complex process, results from a breakdown of

the system of organization of self and a reduced ability to
adapt to the environment.

Senescence

The process by which a cell loses its function and its ability
to divide and grow.



Aging:
Changes in the cells (cellular senescence),
tissues and organs after maturation
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Progressive loss of
physiological functions of
tissues and organs

Nune system D

Reduced ability to respond to environmental stimuli, Gdax;rlnesystem —SL L omeostasis ey Health

due to an ineffective homeostatic response —

R

55 _{a% UNIVERSITA
5 $ DEGLI STUDI
4\ e DI PALERMO




EVOLUTION, AGEING AND LONGEVITY

During the evolution biological molecules are developed on energy plans
that allowed them to maintain the molecular fidelity until the time of
reproduction. In different animal species the amount of energy required
from birth to the reproduction should be kept constant. What determines
longevity is the residual capacity after the reproductive period.
Organisms use the resources to metabolic priorities that compete with
each other: the growth, reproduction, maintenance and repair and storage.
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Editorial Current Vaseular Pharmacology, 2014, Vol 12, No. 5 659
Editorial

Ageing, Longevity, Exceptional Longevity and Related Genetic and Non
Genetics Markers: Panel Statement

Peter Av er Barzilai’ Athamse Benetos'. HelenBﬂiamu , Miriam Ca i Calogero Caruso’, Claudio
Fram:esch: Njkl Katsiki" Djm{m P. Mikhailidis’. , George Panotnp-:mlos Ewa Sikora" . Irene P. Tzane-
takou”” and Genovefa Kolovou™

'School of Mathematics and Statistics, University of Newcastle upon Tyne, Merz Cour, NEI 7RU, Newcastle, UK:

*nstitute for Aging Research, Nathan Shock Center of Excellance in the Biology of Azing, Departments of Medicine,

Albert Einstein College of Medicine, Bronx, New Tork, NY 104612; “Department of Geriatrics, University Hospital of
Nancy, INSERM U1116, Université de Lorraine, Vandoewvre-las-Nancy, France; *Cardiology Department, Tzanio Hos-
pital, Piveus, Greece; *Department of Experimental, Diagnostic and Specialty Medicing, Tia 5. Giacomo 12; ALMA

MATER STUDIORUM, Bologna, Fraly; “CIG, Interdepartmental Centre “Gabvani”, pr Porta San Donato,I; ALMA

MATER STUDIORUM Bologna, Ttaly; "Tmmunosensscence Unit, Department of Pathobiology and Madical and Foren-
sic Biotechnologies, University of Palermo; "Sacond Propedeutic Department of Internal Medicing, Medical School,

Aristotle University of Thessaloniki, Hippocration Hospital, Thessaloniki, Greece; *Department of Clinical Biochemistry
{Vascular Disease Prevention Clinics), Royal Free Hospital campus, University College London Medical School Uni-

versity College London (UCL), London NW3 20G, UK: "Intemist-Nutritionist, Hellenic Association for the Study of
Obesity, Metabolism and Eating Disorders (HASOMED); " Laboratory of the Molecular Bases of Ageing, Nencki Insti.
tute of Experimental Biology, Polith Academy of Sciences, Pasteura 3, Warsaw, Poland; “Laboratory for Experimental
Surgery and Swrgical Research “N. 5. Christaas”, University of Athens Medical School, Athens, Greece; “Candiology
Deparment, Onassis Cardiac Surgery Canter Athens, Greece

In May 2012, a group of scientists and clinicians met in Athens (Greece) to consider the relevance of ageing, lengevity,
exceptional longevity and related genetic and non genetic markers. Durmg this meeting, we firstly reviewed recent epidennol-
ogical and clmical studies on agemg, longevity and exceptional longevity, briefly analyzed the agemg theories and discussed
successfil and unsuccessful ageing also taking into account the evolutionary perspective. Secondly, we considered the three
phenotypes based on the definition of agemg, longevity and exceptional lengevity and the associated biomarkers. Third, we

UNIVERSITA discussed proposed treatments suitable to counteract or slow down agemg. Finally, flis panel produced a consensus statement

i DEGLI STUDI to highlight the importance of agemg, longewity and exceptional longevify, since this is a rapidly mereasing phenotype
; \‘ ; DI PALERMO worldwide. We acknowledge that not all experts m flus field may completely agree with this statement.




SUMMARY OF PANEL POSITION
L

Agemng 1s most likely one component of hfe, which first emerged m economically developed countries and results from a
breakdown of self organizmg system and reduced ability to adapt to the environment. Agemng processes are defined as
those that amplify the vulnerability of subjects, as they become older, to the factors that finally lead to death. An emerging
concept 15 the difference between chronological and biological ageing: tissues and organs of the same body may have a
diverse rate of agemg in contrast with the chronological age of the mdividual, and conversely individuals with fhe same
chronological age may have different rate of ageing and a different biological age.

. Many vaniables contmbute to ageing/longevity such as cultural, anthropological and socio-economic status as well sex and

gender (women live longer than men) and efmic differences (mxplamed by discrepancies in healtheare, environmental and
economic staftus, genetics as well as life occupation) also exist in relation fo agemg/longevity, as well as stochastic events.

Successful agemg involves avoidance (or late onsef) of age-related disease ncluding cardiovascular disease which s the

main cause of deatll and ofher organ specific diseases, disabilify, preservation of desirable cogmitive and physical finction

. Many definitions of longevity are proposed, but at present no consensus definition has been established. On the basis of

demographic dafa, we propose that exceptional longevity may be defined in relative and absolute terms. Relative”
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suggests that longevity 15 concept country/population specific and must take mte consideration the life expectancy of the
different populations/countries, which show great variability owmg to historical. anthropological and socio-economic
differences. In "abselute” terms longevity could be defined according to the maximum lifespan attained and scienfifically
validated by human beings in the planet.

Famibal longevity refers to famihes enriched by long Living members. On the basis of stringent criteria and acourate anabysis
of the demograpluc data m Europe, familial longevity can be identified as that of famulies where at least two living
members aged = 90 years were present.

Most genetic studies on human lengevity suffer from a variety of linutations due to the difficulty m recruiting large number
of phenotypically well characterized long living people (centenanians), small cohort groups, difficulties in validation of the
findings m different cohorts in order to test the general meanmg of the findings, lack of controls bom at the same time as
centenarians but with different life span duration and lack of important mformation such as environmental factors, hifestyle
and quality of life, presence and duration of disabilities and diseases.

There 15 evidence identifying some genes related to longevity and agemg. Such genes are mchided In a variety of signaling
pathways, 1.e. msulin'msulin-like growth factor (IGE-1), nutrient-sensing (mTOF), oxidative stress and anti-oxidants, con-
trol of immune-inflammatory responses and lipid metabolism as well as in mitochondrial DNA (mtDNA). However, more
evidence is needed. In addition. it is becoming clear that epigenetic changes linked to diet or fo other envirenmentallife
style factors (physical activity, emotional stress) play a role in longevity attainment.

Most hife-extension effects in ammal models have been found to result from knocking down a relatively large mumber of
different genes. This unexpected finding would suggest that the wild-type gene shortens hifespan. It 15 important to note
that the animals with an extended lifespan as a consequence of genetic/envirenmental manipulations in laboratory condi-
tions show a shorten lifespan when they live in environmental conditions mere similar to those of real life. This can be
considered "a laboratory frait” in comparison with the centenarians analyzed m studies on human longevity who spent their
life in a real and often harsh environment.

Combinatien of animal genstic stadies, human genefic population-based and famuly-based studies, as well as,
studies, are approaches that may help identify genes/pathways (and also biomarkers) mvolved in agemg/longevity.

omucs”

. Caloric restriction, hormonal replacement and anfioxidant reatments were reported to promote healthy longevity in some

animal models. Also, some strategies for enhancmng longevity were infroduced e.g. engmeered neglhigible senescence,
mucleic acid therapy and cloning of genes related to agemg or genes which could promote longevity. Moreover, mechanisms
that affect cell senescence m vitro and/or animal ageing may not be fully relevant to lumans. Therefore, scientists would
always seek defimtive climical evidence and vabdation of such data m humans.

This is the best way to respond to “commercial™ anti-ageing medicme. Other strategies are worthwhile to pursue m humans.

such as prevention of vascular events, cancer screening and healthy life style which together have the potential to decrease
morbidity and mortality associated with ageing.

These statements are based on the longevity consensus documents [1-9].

Current Vascular Pharmacology, 2014, Vol 12, No. 5 659




Genes and alleles assoclated to

longevity

Gene Allele Freguency in Association to Possiblerolein
centenarians diseases longevity
APOE E4* Reduced CVvD Vascular integrity
AD Control of
inflammation
FOXO3A rs2802292* Increased - Cellular
homeostasis
control

*, Results obtained with candidate gene approach and repeated in different studies.
A genetic example of demographic selection is the reduced frequency in €4 allele of apolipoprotein E (ApoE) in aged
people. Allele frequency of APOE €4, associated to CVVD and AD, is reduced in centenarians, while prevalence of 2

allele, is relatively high.
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anselmi 2009 201 480 129 335 32.5% 1.15[0.87, 1.53]
Soerensen 2010 320 1089 210 736 42.5% 1.04 [0.85, 1.28]
Willcox 2008 74 213 100 402 25.0% 1.61[1.12, 2.31) -
Total (95% ClI) 1782 1473 100.0% 1.20 [0.95, 1.51]
Total events 595 439

Heterogeneity: Tau® = 0.02; Chi* = 4.17, df = 2 (P = 0.12); I = 52%
Test for overall effect: Z=1.54 (P =0.12)

001 0.1

Favours experimental

1 10 100
Favours control

A

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Anselmi-M 2009 121 281 70 195 29.5% 1.35[0.93, 1.97]
Soerensen-M 2010 101 313 103 371 38.7% 1.24 [0.89, 1.72]
Willcox 2008 74 213 100 402 31.9% 1.61(1.12,2.31) -
Total (95% CI) 807 968 100.0% 1.38 [1.13, 1.69] &
Total events 296 273
Heterogeneity: Tau? = 0.00; Chi# = 1.11, df = 2 (P = 0.57); P = 0% =0 o1 0=1 3 1=0 100‘

Test for overall effect: Z = 3.10 (P = 0.002)
B

Favours experimental

Favours control

Fig. (3). Meta-analysis of three case-control studies of the FOXO3A rs2764264 polymorphism and longevity using the random-effects
model. The odds ratio and 95% confidence interval (CI) for the effect of the C allele on longevity for the whole population (3A) and for
males only (3B) are plotted on the two graphs. Studies are arranged chronologically based on the year of publication. M-H: Manten-Hanzel;

C-I: Confidence Interval.

674 Current Vasenlar Pharmacelagy, 2014, 12, 674-681

Association between Genetic Variations in the Insulin/Insulin-Like Growth
Factor (Igf-1) Signaling Pathway and Longevity: A Systematic Review and
Meta-Analysis

Danilo D1 Bonal‘l'*, Giulia Accardil, Claudia Vinusol, Giuseppina Ca.ndoreu and Calogero '.Canxsol’2

! Immunosenescence Unit, Department of Pathobiology and Medical and Forensic Biotechnologies; *Unit of Transfusion
Medicine, University Hospital, University of Palermo, Italy




Fig. 2. Nutrient-sensing pathways modu-
late lifespan in humans by interacting with
the environment. a Insulin/IGF-1 signal-
ling pathway. Insulin (or IGF-1) binds its
receptor (IRS) and interacts with PI3K.
PI3K activates the second messenger PIP3.
PIP3 messenger leads to the activation of
AKT that inhibits FOXO3A, preventing
the transcription of homeostatic genes.
Also, SIRT1 can act on FOX03A. More-
over, the insulin/IGF-1 signalling deter-
mines the activation of the RAS pathway
leading to its mitogenic effect. In addition,
AKT activates the NF-kB pathway allowing
the transcription of inflammatory genes.
MedDiet with low GI and/or with low pro-
tein intake may reduce the IGF-1 levels
and may down-regulate the insulin/IGF-1
pathway leading to the transcription of ho-
meostatic genes and stopping the mitogen-
ic effect of RAS. This favours survival and
longevity.
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Mediterranean Diet and Healthy Ageing:
A Sicilian Perspective
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Rate of death from infectious disease
continues to accelerate with age

Causes of death
(Japanese females)
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Wwhat Is
immunosenescence?
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Immunity in ageing

In the elderly, many alterations in innate and clonotypic
immunity have been described and viewed as deleterious,
hence the term immunosenescence. In 1969, Roy Walford
published his landmark book, "The Immunologic Theory
of Aging", and first coined the term immunosenescence
[6]. Significantly, most of the areas that he pioneered dur-
ing his illustrious research career remain the "hot" areas of
current gerontological research. On the other hand,
immunosenescence is a complex process involving multi-
ple reorganizational and developmentally regulated
changes, rather than simple unidirectional decline of the
whole function [7,8]. However, some immunological
parameters are commonly notably reduced in the elderly
and, reciprocally good function is tightly correlated to
health status [4,5].

“=What do we mean by
“Immunosenescence”?

Immunosenescence Is a descriptive
term for the deleterious age-
assoclated changes to immunity
observed in all mammals studied so
far.

While all components of innate and
Instructive immunity are changed
with age, the clinical impact of
these changes is not clear, and
mechanisms of and markers for
Immunosenescence are
controversial



The main age-associated changes
reported in T cell immunity

Toble 1. The main age-associated changes reported in T cell immunity
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*Antigenic load is associated
with a loss of early memory
cells, an increase of highly
differentiated CD8+ cells, a
gradual reduction of the
iImmunological space

*/AsS a consequence, a peculiar
chronic inflammatory status
characterizes
Immunosenescence.

Lifelong chronic antigenic
load induces age-related
increase of activated immune
cells and hyperproduction of
proinflammatory cytokines.

M. De Martinis et al. FEBS
Letters 579 (2005) 20352039
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CMV has received scrutiny as a possible driver of iImmune
senescence because the CD4+ and CD8+ T cell responses
to this persistent virus can be enormous:
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Human immunosenescence: is it
infectious?

Summary: Morbidity and mortlity due to infections disease is greater in
the eldaly than in the young, at kast panly becnme of apeassociated
decreased immume conmpetence, which renders individuak more susosp-
tible w pathogens. This swsceptibility & particulary evident for novel
infections agents such as in severe acwte respiratory syndrome butis also
all texx apparent for commen pathogens such as influenz, Many years
age, it was noted dat the elderly possessed oligodonl expansions of T
ok, epeclly of CDEY eells, At the ame time, it was esablished tat
eywmegalovims (V) seropositivity was amocited with many of the
same phenotypic and funciional akerations © T-cell immunity that were
being reported a5 hicmarken: asmocited with aping. It was discovered
that MV was the prime driving foroe behind most of the olipockonal
expansions and akersd phenotypes and Ametions of CDE celk.
Independently, longindinl studies of a free-living population of the
very ok in Sweden over the past decade lave ded w0 the emerging
concept of an ‘immune sk phenctype’ (TIRF), predicting mortality,
which was iself found o be associated with CMY seropositivity. Theie
findings support our hypothesis that the manmer in which CMY and the
bt imunune system interact is eritical in detenmining the TRP and hence
is predictive of mortality. In this sense, then, we sugpest dat mmume-
zmmisacmugjmn.

Immunity and aging

Study mothaton and problems of immunogerontalogical
mwvestigations n humans

For maore than a quarter century, immunologists have colleced
data on immune parameters in the elderly in order to establish
reliable "hiomarkers of aging” in the immune system for use in
maonitoring perceived deleerious alterations in immunity in old
people and eventually for use in developing safe and effective
recuperative interventions. Over the years, many differences
between immune parameters in the young and old have been
doumented. However, the literature is full of confusing and
conflicting data, which in the past has resulted in many immu-
nologists dismissing the stody of immunity and aging in
humans as immature and unreliable. In Table 1, we list some of
the most tharoughly investigated parameters foousing on T-cedl
immunity, the subject of the present review.
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Is immunosenescence infectious?
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What i1s CMV?

W ST,

;\\\ %4 UNIVERSITA
5 é{ # DEGLI STUDI
exa - ~ DI PALERMO

Ly
i N>




CMV Infectlon & disease

® |atent CMV mfectlon represents lifelong persistence of
virus without replication in healthy seropositive host.

® CMV active infection : actively replicating virus, can be
diagnosed by nucleic acid-based assays or antigenemia.

® CMV disease is defined by evidence of CMV infection with
attributable symptomes, it can be :-
® CMV syndrome (fever, fatigue, leukopenia and/or
thrombocytopenia, and an increased CMV titer from a
specific diagnostic assay)

® |nvasive CMV disease (e.g., pneumonitis, hepatitis, or
gastrointestinal involvement such as colitis or enteritis, or
involvement of the allograft itself).

A é@% DI PALERMO



Immune Viral Immune Viral
: surveillance determinants surveillance determinants |mmune
Vira
surveillance
determinants @ —p —
— <lfm—
Risk for viral reactivation Normal immune response Inflated anti-HCMV responses

Immunodeficiency:

* Immature immune system

* Transplantation & immune suppression
* HIV

* Others (7)

Persistent/latent infection :
* steady state (?)

Dysregulated anti-HCMV responses:
* Immune system homeostasis (7)
* Inmunosenescence (?)

Fig. 1. Host: HCMV interaction.

P. Sansoni et al. / Experimental Gerontology 55 (2014) 54-62



J Adaptive

Trans- immunity

plantation

Cardio-
vascular
diseases

Frailty
Risk of death

Figure 2 Age and CMYV infection are major driving forces contributing to the deterioration of innate and adaptive immunity.
Age-associated decrease of adaptive immunity is termed immunosenescence. The deregulation of innate immunity is associated with

inflammageing. Immunosenescence and inflammageing play a significant role in the pathogenesis of different clinical situations that can lead
to increased risk of frailty and death in the elderly.

Solana et al. Immunity & Ageing 2012, 9:23
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What about genetic
control?
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KIR: biological function, genetic characterization and protein
structure

Biological function

Targetcell

* Expressed on NK cells and on some T lymphocytes (CD8)

* Regulation of NK cells through interaction with

HLA ClaSS | |igands Killer cell immunoglobulin-like receptor gene associations

with autoimmune and allergic diseases, recurrent

nl petipheral tifcdlatingyihphocytes and
Association between KIR/KIR - key protagonists-of innate-immune -
ligands and diseases S, % A @ODOAGOE - o o 2o ey

Jecan Fn Fargan lacan lnvarse i
ity Carear M arirts aciivating recaplors c on raturd klier mels and soma subpopulzborns of T .

phocytes. KIR gores am custaorad ki tha 199134 region and ane dharactonzed by both

m_ Mafallivmeaty  3BS4IC [P rumbars of wernsrts) snd haplobypic (differant rambars of genas for infabory
o Spaara S ard acivabing moephons on indiidusl dromesomes] polymorphism. This condributes b
. . Jrgem mom; Daate o drsorsg suscoptibiity o dscases and oihar dinical sfughions. Assooahions of KR genas,
Review Article Hacturaia fstie de b2, a5 woll 25 of gonas 1or thalr Iigards, with Saloched deaasses Such a5 psoiass vuigens and
. . = ) aiopic darmatils, Maumaind arifrils, reosram s pondanoous aborbon, and non-small call

KIR/HLA Interactions and Pathogen Immunity T te st Lrg Cancar aro Alsossad I the contskt of MK and T ooll frchons

hmapgasars ng Taxe
hrmambgy L Ureoek
hxidais of bvmanalksgy ma

Ervanr IR geea. BE decss reumoisel srissin. sperireen borioh caes vind deoss. sl
infeciza

Khaleel M. Jamil and Salim 1. Khakoo

The innate immune system is the first line of defence in response to pathogen infection. Natural killer {NK) cells perform a vital role
in this response with the ability to directly kill infected cells, produce cytokines, and cross-talk with the adaptive immune system.

These effector functions are dependent on activation of NK cells which is determined by surface receptor interactions with ligands Y']'Il E“fg g;]ll B q,‘%%ﬁé %ﬁe GHQ_[VH H &y

on target cells. Of these receptors, the polymorphic killer immunoglobulin-like receptors (KIRs), which interact with MHC class The 1 f d ease
1 (also highly polymorphic), are largely inhibitory, and exhibit substantial genetic diversity. The result is a significant variation
of NK cell repertoire between individuals and also between populations, with a multitude of possible KIR:HLA combinations. H H l(v '€ M]y )M 4~ b - b.#
As each KIR:llJigand interaction may have differential effects l:n:u'ipNK cell activation and inhibitpi:on, this diversity has important Smita Il it Qel-]-;’. artin®, Mdry Cart lngton
potential influences on the host response to infections. Genetic studies have demonstrated associations between specific KIR:ligand a johns Hﬂpﬂ'ﬂj iver icine, imare, 1231

combinations and the outcome of viral (and other) infections, in particular hepatitis C and HIV infection. Detailed functional Aqfﬁimm Uﬁn@ ‘Hiéid‘?d e rs

studies are not required to define the mechanisms underpinning these disease associations. ABSTR

Killer cel i @]myalglles«afeplftﬁ @Um;aie@)h@na Ftenﬂﬁlte Snd subsets of

T cells. KIR genes are polymo! ph|c and the KIR gene complex is polygenic with varying numbers of
inhibitory am)acnvalmg receptors. HLA class | molecules serve as ligands for the KIR. Interactions of the

independepgly segregating KIR and HLA loci are important for recognition of targets by NK cells as well as

5 UNIVE RSITA NK cell ‘licensing’. Several disease association studies indicate a role for interactions between these lociin

* DEGLI STUDI infectiouggdi nﬂsa ﬂi &Etn /inflammatory disorders, cancer and reproduction. Emerging functional

DI PALERMO data suppo sed on a continuum of inhibition to activation through various compound
KIR-HLA genotypes in diseases.

° P reg n a n Cy re I ated © 2008 Elsevier Ltd. All rights reserved.
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KIR: biological function, genetic organization and protein

structure

L Genetic organization

Kir gene family ¢

Genetically determinatedukocyte Receptor Complex On Chromosome 19¢13.4

and unchanged
throughout Ig

KIR3DX1
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LAIR

Centromeric

il
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2 pseudogenes
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KIR: biological function, genetic organization and protein

structure
O Protein structure KIR2D KIR3D
° GIiCOprOteinS Type 1 ) Typez mRaDs KIF{EDL

* 2/3 Ig-like extracellular domains ,eps KIRZDL
* Long (L) or Short (S) tails ’ Q Q Q
h (M f\

I KI R DAP12 a KI R
(2 ITAM)
KIRZDS1 = scwess saeeees - - [P
KIRZ2DS2 KIRZ2DL2 HIR.EDLEE- KIRZDL2
HKIR2DS3 KIRZDL3
Immunoreceptor tyrosine-based inhibitory motifznss Immunoreceptor tyrosine-based activating motif BIPD-KIR 10/11

Both signals exist but NK cells regulation dipends on the combination of
Inhibitory signal  ,oqe effects Activating signal
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KIR HLA ligands and interactions

* Extremely polymorphic
* Different function
* Varying susceptibility to pathogens and diseases

Activating KIR

Ligand

2051 HLA-CZ (weaker than 20L1]
zD52 HLA-C1 (weak], HLA-A®*11:01
2053 Unknown
ZD54 HLAC*0E:01, A*11:02, CH16:
2055 Unknown
3D Unknown
Inhibitory KIR Ligand
_—
DLl Cz( 0]
ZDLz HLA-CT (S77NB0), HLACZ, HLA-B*45:01 and HLA-B*73:01 (C1 epitope)
e HLAC1 (S7/N80), HLA-C2, HLA-B*48:01 and HLA-B*73:01 (C1 epitope)
2004 intracellular interacticn?)
2DLeAB Unknown
3001 Plefefebiacih Bwwd motifl, HLA-Bwad
S o
30L3 UnEncwn

The lack of specific KIR-HLA receptor-ligand
pairing leads to functionally null phenotypes




The importance of interactions between KIR/KIR
ligands and diseases

Support vector machine algorithms in the search of KIR gene @Cmmk
associations with disease

Juan C. Cuevas Tello ?, Daniel Hernindez-Ramirez®, Christian A. Garcia-Sepilveda ”*

* Facultad de Ingenieria, Universidad Auténoma de San Luis Potosi Av. Dr. Manuel Nava No. 8, Zona Universitaria, ZC 78290, San Luis Potosi, México
b Laboratorio de Gendmica Viral y Humana, Facultad de Medicing, Universidad Auténoma de San Luis Potosi, Avenida Venustiano Carranza #2405, Colonia
Filtros las Lomas, CP 78210, San Luis Potosi, México

ARTICLE INFO ABSTRACT
Article history: Killer-cell immunoglobulin-like receptors (KIR) are membrane proteins expressed by natural killer cells
Received 7 May 2013 and CD8 lymphocytes. The KIR system consists of 17 genes and 614 alleles, some of which bind human
Accepted 30 September 2013 leukocyte antigens (HLA). Both KIR and HLA modulate susceptibility to haematological malignancies,
viral infections and autoimmune diseases. Molecular epidemiology studies employ traditional statistical
Keywords: methods to identify links between KIR genes and disease. Here we describe our results at applying
KIR artificial intelligence algorithms (support vector machines) to identify associations between KIR genes
Computational biology and disease., We demonstrate that these algorithms are capable of classifying samples into healthy and
NK cells diseased groups based solely on KIR genotype with potential use in clinical decision support systems.
Artificial intelligence © 2013 Elsevier Ltd. All rights reserved.
Immunogenetics
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KIR/KIR ligands disease associations

KIR-HLA disease associations

Disease KIR-HLA ligand pair Effect Reference
Infectious diseases
HIV KIR3DS1/Bwd-801 Slower progression [40]
KIR3DLT* 004 Bw4 Slower progression [E9]
KIR2DL1*h/Bwed 201
KTR3D51 Reduced risk of infection |64,65,67]
HCW R2DLYHLA-C] homozygosity Resolution of infection [71]
Human cytomegalovirus (HCMV ) [R2DL1 expression on all MK cells Recurrent CMV infection [75]
=1 activating KIR in donor in bone marmow Protection from CMV reactivation in [76]
transplantation the recipient
Herpes simplex virus (H5V) KIR2D51 in absence of Bwd Reactivation of H3V during IRD in HIV [771
M. tuberculosis KIR2DLT; KIR2DL3 Susceptibility [78]
P falciparum KIR2DLZ*002 High response to infected RBCs [82]
Autoimmune and inflammatory conditions
Psoriatic arthritis KIR2DS172052; HLA-Cw group homozygosity Susceptibility [94.125]
Psoriasis KIR2DS1/HLA-Cwilb Susceptibility [92]
KIR2D51; KIR2DL5: KIR haplotype B Susceptibility [91]
Rhuematoid vasculitis KIR2DS52THLA-Cwi03 Susceptibility [87]
Scleroderma KIR2D52+/2D1 2 - Susceptibility [20]
Acute coronary syndrome De novo expression of KIR2DS2 on CD4+C028™ cells Susceptibility [88]
1DOM KIR2DS2HILA-C Susceptibility [2a]
Endometriosis KIR3DS1/ Bwd Protection [95]
Birdshort chorioretinopathy ‘Weak inhibitory KIR/HLA combinations and activating Susceptibility [96]
KIR in HLA-A"29+ individuals
Idiopathic bronchiectasis HLA-CI1/CI and 20512052 Susceptibility [97]
Primary sclerosing cholangitis KIR2DL1/Bwad; KIR2DL1HLA-C2 Protection [98]
Cancer
Malignant melanoma KIR2DL27204.3; HLA-C1 Susceptibility [101]
Leukemia KIR2DLT; KIR2D42; KTRZDL3 Susceptibility [103]
Hodgkin's lymphoma KIR2DS1; KIR3DS] Protection [106]
Nasopharyngeal carcinoma =5 activating KIR Susceptibility [108]
Cervical cancer KIR2DS51and absence of HLA-C2 and/or HLA-Bwed Susceptibilicy [107]
T-LGL Expression of inhibitory KIR in absence of ligands More severe disease [112]
MNE-LGL Expression of activating KIR May contribute to disease pathogenesis [111,113]
Sezary syndrome Expression of KIR3DL2 Useful diagnostic marker [110]
Reproduction
Preeclampsia Mothers with AA KIR genotype; fetus with HLA-C2 Susceptibility [117]
Recurrent miscarriages/spontaneous abortions Lack of KIR2DS1 in mothers and increased frequency of Susceptibility [120]
HLA-C2 in both mother and male partner
Increased KIR2D52 and decreased HLA-C2 frequency, Susceptibility [121]
overall increased frequency of activating KTR
Higher cell surface expression of KIR2ZDL4 Susceptibility [122]




Depending on the number of Ig domains 2/3,
they are named with 2D or 3D suffix

Long (L) or Short (S) instead indicate the long or
short intracytoplasmic domain, respectively
inhibitory or activatory

The last number identifies the gene
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HLA-C1, C alleles with asparagine at
position 80

HLA-C2, C alleles with lysine at position 80

HLA-Bw4-l, Bw4 alleles with isoleucine at
position 80

HLA-Bw4-T, Bw4 alleles with threonine at
position 80
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HLA and Killer Cell Immunoglobulin-like
Receptors Influence the Natural Course of CMV
Infection

Danilo Di B::m.a,"2 Valeria St:.alidi,:I Antonella Flaia,‘ Claudia l.?»:]lumha,5 Domenico NUIID,:I Cecilia l:l::::hinu,'i
Antonino Tuttolomondo,” Giovanni Giammanco,® Simona De Grazia,® Giuseppe Montalto,” Giovanni Duro,?
Marco Cippitelli,® and Calogero Caruso'?

Background. Natural killer (NK) cells provide a major defense against cytomegalovirus (CMV) infection
through the interaction of their surface receptors, including the activating and inhibitory killer immunoglobulin-
like receptors (KIRs), and human leukocyte antigens (HLA) class I molecules. This study assessed whether the
KIR and HLA repertoire may influence the risk of developing symptomatic or asymptomatic disease after primary
CMYV infection in the immunocompetent host.

Methods. Sixty immunocompetent patients with primary symptomatic CMV infection were genotyped for KIR
and their HLA ligands, along with 60 subjects with a previous asymptomatic infection as controls.

Results. The frequency of the homozygous A haplotype (only KIR2DS4 as activating KIR) was higher in symp-
tomatic patients than controls (30% vs 12%, respectively; odds ratio [OR] = 3.24; P = .01). By logistic regression, the
risk of developing symptomatic disease was associated with the homozygous A haplotype and the HLABw4' allele.
Combining the 2 independent variables, we found that 37 out of 60 (62%) symptomatic patients but only 18 out of 60
(30%) of controls possessed the homozygous A haplotype or the HLABw4" allele with a highly significant OR
(OR=3.75, P<.0005).

Conclusions. Immunocompetent subjects carrying the homozygous A haplotype or the HLABw4 " allele are at
higher risk of developing symptomatic disease after primary CMV infection.

KIR, HLA, and CMV Infection » JID 2014:210



Table 1. Frequencies of KIR, HLA, and KIR-HLA Combinations
Among Individuals With Symptomatic and Asymptomatic CMV
Infection

Frequency Frequency
Symptomatic  Asymptomatic

Infection Infection N = 60 P
Genetic Factor N=60N (%) N (%) OR Value
Haplotype AA 18 (30) 7(12) 324  01°
Haplotype 42 (70) 53 (88)

AB + BB
2DS2 16 (27) 27 (45) 044 03°
HLA-C1 23 (38) 25 (42) 0.87 7
HLA-C2 44 (73) 36 (60) 1.83 1
HLA-C1C1 10 (17) 8(13) 1.30 6
HLA-C1C2 13 (22) 17 (28) 0.7 .
HLA-C2C2 31 (52) 19 (32) 231 03°
2DL2 +HLA-C1 12 (20) 17 (28) 0.63 .28
2DL3 +HLA-C1 18 (30) 18 (30) 1.00 1.00
2DS2 + HLA-C1 4(7) 13 (27) 0.26 02°
2DL2 +HLA-C1C1 5(8) 6(10) 0.98 98
2DL3 +HLA-C1C1 7(12) 6 (10) 1.19 .76
2DS2 + HLA-C1C1 010) 4.(7) Cee
2DL1 +HLA-C2 41 (68) 35 (68) 1.54 25
2DS1 + HLA-C2 18 (30) 19 (32) 092 84
2DL1 +HLA-C2C2 28 47) 18 (30) 2.04 06°
2DS1 + HLA-C2C2 12 (20) 9 (15) 071 47
HLA-BwaT 21 (35) 12 (20) 215 06°
HLA-Bwa' 24 (40) 22 (37) 115 7
HLA-Bwa™" 17 (28) 9(15) 224 07
HLA-Bwa™ 4.(7) 3(5) 136 7
HLA-Bw4" 20 (33) 19 (32) 1.08 .84
3DL1 +HLA-Bw4" 19 (32) 11 (18) 2.06 .09
3DL1 +HLA- 16 (27) 8 (13) 236 07
Bwa'

30L1 + HLA-Bw4' 23 (38) 21 (35) 1.15 7
3DL1 + HLA-Bw4" 20 (33) 18 (30) 117 7
3DS1 + HLA-Bw4' 9(15) 12 (20) 071 47
3DS1 + HLA-Bw4" 6(10) 12 (20) 044 1

KIRZ2DS2 was the only KIR gene reported in the table because it was the only
one differently expressed between cases and controls. The KIR-HLA
interaction suggested by literature were analyzed and reported in the table.
Abbreviations: CMV, cytomegalovirus; HLA, human leukocyte antigen; KIR,
killer immunoglobulindike receptor; OR, odds ratio.

# Statistical significance (P < .08).

? Marginal statistical significance (P<.1).

Individuals without activating receptors
(AA haplotype) are more susceptible to
develop symptomatic infection.

The activating KIR2DS2 gene is less frequent
In the subjects with symptomatic infection
than in controls.

The KIR2DS2-HLA-C1 phenotype is less
frequent in the subjects with symptomatic
Infection than in controls.
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Table 2. Logistic Regression Model to Predict the Occurrence of
Symptomatic Infection in All Subjects (n=120)

P
Variable Code B SE Value OR (95% CI)
Haplotype 0: AB/BB
Haplotypes
1: AA 1.64 056 .003 5.14(1.84-16.27)
Haplotype

HLAC1C2 1:HLAC2C2 1.62 061 .008 5.03(1.60-17.96)
2:HLAC1C2 0.85 065 ns 2.34 (66-8.87)
3:HLAC1C1 151 072 .04  4.54(1.14-20.11)

HLA-Bw4™ 0: Absent
1: Present 0.96 047 .04 2.62 (1.06-6.72)

(Conditioning variables)

Sex 0: female

1: male ... ... ns
Age 0: <36y

1: =36y C .. ... Ns.

Sex and age did not enter into the final model after the stepwise procedure.

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen; n.s., not
significant; OR, odds ratio; SE, standard errar.

, UNIVERSITA
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Logistic regression
confirms AA and
demonstrates that
HLA-Bw4-T is a
predictor of the risk
of symptomatic
Infection.
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Table 3. Frequencies of HLA and KIR-HLA Combinations Among
AB/BB Haplotype Individuals With Symptomatic and
Asymptomatic CMV Infection

Table 4. Logistic Regression Model to Predict the Occurrence of
Symptomatic Infection in AB/BB Haplotype Subjects (n=95)

Variable Code ] SE  PValue OR (95% ClI)

Frequency Frequency
Symptomatic  Asymptomatic

Infection Infection N =53 P
Genetic Factor N=42 N (%) N (%) OR Value
HLA-C1 15 (35) 23 (47) 0.72 .44
HLA-C2 32 (78) 33 (62) 1.94 .15
HLA-C1C1 6 (14) 8 (15) 094 9
HLA-C1C2 9 (21) 15 (28) 069 .44
HLA-C2C2 23 (55) 18 (34) 2.35 .04°
2DL2 + HLA-C1 12 (29) 17 (32) 085 .71
2DL3 +HLA-C1 10 (24) 16 (30) 0.72 .48
2DS2 + HLA-C1 4{10) 13 (25) 0.32 .08°
2DL2 +HLA-C1C1 5(12) 6(11) 1.06 .9
2DL3 +HLA-C1C1 3(71) 6(11) 0.60 .49
2DS2 + HLA-C1C1 0 (0} 4(7) C
2DL1 +HLA-C2 30(71) 32 (60) 1.64 .26
2DS1 + HLA-C2 18 (43) 19 (36) 1.34 5
2DL1 +HLA-C2C2 21 (50) 17 (32) 212 .07
2DS1 + HLA-C2C2 12 (29) 9(17) 1.96 .17
HLA-Bwa" 19 (45) 11 (21) 3.15 .01°
HLA-Bw4' 14 (33) 20 (38) 0.83 .66
HLA-Bw4TT 15 (36) 9(17) 272 .03°
HLA-Bw4™ 4(9) 2 (4) 268 .2
HLA-Bwa'" 10 (24) 18 (34) 061 .2
3DL1 + HLA-BwA4T 17 (40) 10 (19) 292 .02°
3DL1 +HLA-Bw4™ 14 (33) 8 (15) 2.81 .03°
3DL1 + HLA-Bw4' 13 (31) 19 (36) 080 6
3DL1 +HLA-Bw4" 10 (24) 17 (32) 066 .4
3DS1 + HLA-Bw4' 9 (21) 12 (23) 093 9
3DS1 + HLA-Bw4' 6 (14) 12 (23) 057 3

The KIR-HLA interaction suggested by literature were analyzed and reported in
the table.

Abbreviations: CMV, cytomegalovirus; HLA, human leukocyte antigen; KIR,
killer immunoglobulin-ike receptor; OR, odds ratio.

® Statistical significance (P < .05).

? Marginal statistical significance (P < .1).

HLA-Bw4™  0: Absent

1: Present 1.02 0.47 .03 2.79 (1.13-7.16)
HLA-Bw4' 0: Absent

1: Present -0.91 0.63 n.s.
(Conditioning variables)

0.40 (.10-1.30)

Sex 0: fermale

1: male - o n.s.
Age 0: <36y

1: =36y n.s.

Sex and age did not enter into the final model atter the stepwise procedure.

Abbreviations: Cl, confidence irterval; HLA, hurman leukocyte antigen; n.s., not
significant; OR, odds ratio; SE, standard error.

The effect of HLA-Bw4-T s
possibly mediated by an
interaction with the inhibitory
KIR3DL1  and is  almost
exclusively observed in the Bx
haplotype subjects.
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Conclusions

This  genetic  association study shows that
immunocompetent adult subjects possessing the KIR
AA haplotype or the HLABwA4-T allele are more
susceptible to develop a symptomatic acute disease
after primary CMV infection.

This is consistent with studies performed in the
transplantation setting.
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A constant dream of humankind is
to stop, postpone, and/or reverse
the ageing process.
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Fig. 2. Nutrient-sensing pathways modu-
late lifespan in humans by interacting with
the environment. a Insulin/IGF-1 signal-
ling pathway. Insulin (or IGF-1) binds its
receptor (IRS) and interacts with PI3K.
PI3K activates the second messenger PIP3.
PIP3 messenger leads to the activation of
AKT that inhibits FOXO3A, preventing
the transcription of homeostatic genes.
Also, SIRT1 can act on FOX03A. More-
over, the insulin/IGF-1 signalling deter-
mines the activation of the RAS pathway
leading to its mitogenic effect. In addition,
AKT activates the NF-kB pathway allowing
the transcription of inflammatory genes.
MedDiet with low GI and/or with low pro-
tein intake may reduce the IGF-1 levels
and may down-regulate the insulin/IGF-1
pathway leading to the transcription of ho-
meostatic genes and stopping the mitogen-
ic effect of RAS. This favours survival and
longevity.
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Fig. 2. Nutrient-sensing pathways modu-
late lifespan in humans by interacting with
environment. b mTOR pathway. AKT de-
termines the inhibition of mMTOR complex-
es. These molecules, via the activation of
S6K, determine mRNA translation and
protein synthesis with mitogenic and pro-
inflammatory effects. Moreover, they
inhibit the transcription of homeostatic
genes (i.e. genes encoding antioxidant pro-
teins such as catalase or superoxide dis-
mutase or genes promoting autophagy).
Dietary restriction, with low GI, low an-
imal protein and a reduction in calorie
intake, activates AMPK that inhibits
mTORC1 favouring longevity. It means
that MedDiet could influence longevity via
mTORC1 and insulin/IGF-1 pathway
down-regulation (references in the text).
IRS = Insulin-responsive substrate; PI3K =
phosphatidylinositol 3-kinase; PIP3 =
phosphatidylinositol 3-phosphate; SIRT-1 =
silent mating type information regulation
1; RAS = rat sarcoma; GI = glycaemic in-
dex.
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