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People with Down syndrome, a frequent genatic disor-
der in humansg, have increased risk of health problams
associated with this condifion. One clinical faature of
Down syndrome is the increasad prevalence and severity
of pericdontal disease in comparison with the ganeral
population. Because saliva plays an important role in
maintaining oral haalth, in the presant study tha salivary
proteome of Down syndrome subjects was investigated
to explore modifications with raspect to healthy subjects.
Whola saliva of 36 Down syndroma subjects, divided in
the age groups 10-17 yr and 18-50 yr, was analyzed by a
top-down proteomic approach, based on the high per-
formanca liquid chromatography-electrospray ionization—
MS analysis of tha intact proteins and peptides, and the
qualitative and quantitativa profiles were compared with
sax- and age-maiched control groups. The results
showed the following interesting features: 1) as cpposed
ta controls, in Down syndrome subjects the concentration
of tha major salivary proteins of gland origin did not in-
crease with age; as a conseguence concentrabion of
acidic proline rich proteins and 3 cystating were found
significantly reduced in older Down syndrome subjects
with respect to matched controls; 2] levels of the antimi-
crobial a-defensins 1 and 2 and histatins 3 and 5 were
significantly increased in whole saliva of clder Down syn-
drome subjects with respect to controls; 3) S100A7,
S100A8, and S100A12 levels were significantly increased
in whole saliva of Down syndrome subjects in comparison
with controls. The increased level of B100AT and 3100412
may ba of particular interest as a blomarker of early onset
Alzheimer's disease, which is frequently associated with
Down syndrome. Moleculer & Collular Proteomics 12
10.1074/mcp. M112.026708, 18441852, 2013,
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Down syndrome (DS)' is a frequent genelic disorder in
humans characterized by premature aging (1), A clinical fea-
tura of paople with DS is the increased prevalence and se-
verity of periodontal disease comparad with age-matched
subjacts of similar levals of intellectual impairment and com-
pared with the general population (2). Common conditions
cbserved in DS are marginal gingivitis, acute and subacute
necrotizing gingivitis, advanced penodontitis, gingival reces-
sion, and pocket formation (3. 4). It is known that saliva plays
an important role in maintgining omal and dental health, be-
cause of the presence of a varety of antimicrobial peptides
mainly darivad from qgland secretion, oral apithelial cells, and
neutrophils (5). Several papars reported that neutrophils and
T-ymphocyte function is impaired in people with DS (6-9).
Howaver, ihe salivary secretion of the antimicrobial LL-37 in
young individuals with DS was found normal (10). A revienw of
the literature (11, 12) reveals only sporadic and contradictany
raports that attempt to explain the mle of saliva in the ozl
health of subjects with DS, and on the whole, information on
tha binchamical composition of their saliva s scarce. On the
basis of the above information, in the present sludy, we
propased 10 investigate the salivary protsome of D5 subjects
by an Intact protain-based “top-down" approach. The spec-
trum of salivary peptides of DS subjects was compared with
that of sex and age-matched healthy control groups to deter-
mina qualitative and quantitative differances. Interestingly, the
resutts showed thar several membars of the S100A family,
which possess different biological functions, and also de-
scribed as potential markers of the Alzheimer Dissase. were
significantly increased in saliva of Down syndrome subjects
with respect 1o controls.

EXPERIMENTAL PROCEDURES

All chamicals and reagents wera of analytical grade and were
purchasad from Farmitalia-Caric Erba, (Milan, laly), Sigma Aldrich

' Tha abbreviations used are: DS, Down syndrome; A, amyloid §;
AD, Alzhemer's dissass: CSF, carebrospinal fluid: PRP, profine rckh
protains; RAGE, receplor for acvanced glycosylation end products;
TIC, total ion curent; XIC, aXtractad lon currant.
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5L Lowin, M anvd Marchk (Domstad, Germary). Low-resolution high
perdormancs liguid chromatogmaphy-slectroepray lonlzation-lon frag-
MS HPLC-ESl-on rap-MS] measuramants wore comed ool by o
Survepor HPLC sywtem [ThamaoFisher, San Josa, CA) connacted by
a T splitter to & diode-armay detector and to on LGQ Advantage mass.
spactromatar (TharmoFishar]. The mass spactromatar was equipped
with an ESi source, The chromatogrphio colurmn wes a Vidoo: (H -

parka, CA) C8 column with & m particls diameter (column dimensions -

150 2.1 mmj, High-resoiution HPLC-ESI-ME/MS experimants wers
comed out by an Ultimats 3000 Micre HPLC apparatus [Diones,
Sunmyvale, CA) squipped with & FLM-3000-Flow manage: module
oouphad o LTO Orbitrap XL appamtus (ThamoFisher]. A Zorbax
300SE-CA column (3.5 wm particle diometer; column dimenaon 1,0 =
150 mm) s usad Tor fhesa axpadments.

Ethics Statemants and Subjects under Study— The study protosol
ard writhen consant forme wese approved by tha Meadical Ethica
Committes of tha Facuity of Medicine of the Catholic University of
Ao (meoonding o fhe instructions of the Declemtion of Helainki).
The study protoco! was axplained to both parents and chiidren, and
niormed wrilten consant (o participate n the shudy was abtainaed
frosm a parent. Down syndrorma subjects were anrclied ot the Depart-
ment of Surgery, Medical, Molocular, and Crilical Area Pathology,
University of Pisa and ot the institules of Pedlatric Clinic of the Facuilty
af Medicing of tha Catholio Linkomity of Fome. The 38 patients
anmlled for the shidy ware divided in two age-groupsa: 10-17 yaars

(mean age + 5.0 12.8 & 2.3:3 fomakes (FL, 15 malea (M]) and 18-50
yuams fmean oge = S0 226 + A6 5F, 13 M) Tha two conirol
groups comprised the suma number of oubpots, 10-17 poans mean
oo = S0 127 = 2.3: 5F, 13 M) and 18-50 years jrmean aga + 5.0.:

278 = 8.0; 11F, T M)

Sarmpie Collecaton— Unatimuloted whola saliva wioa collected ac-
cording o a standerd protocol, Donors did not aal or drnfcal keast 2 h
Tefore B caalien icon, wehioh e perieimed in the rceming betwesn
1000 . and 12:00 P, with a soft plasiic aspiraice. Saliva was
trorshormed o o ploatio tube it on oe bath and an ocidic solition
(0.2% 2,2 5-mifucroacatic acid (TFA]) was immedintely ndded in 1:1
wiv ratio. The solution was thon centrifucpsd of BOOO 3 g for 10 min a1
4 *0. The aoidic supematant was saparnied from the precipitabs and
sithar immediately analysed by HPLC-ESHME (100 pl, comuaponding
10 50 i of saliva) o elored al - BO "C until the analysia,

HPLC-ESI-IT-MS Analysm—The following solubions waee used for
revamod phaea (AP} HPLC-ESI-MS oaalyais: (aluent A) 0.086% (vA)
mouecus TFA and [sheent B) 0.05% (viv] TFA in acshoniirie-waler
B0, The gradeit appdied for the analyels of sallva was finaar from
0 o 55% of B in 40 min. and from 55% o 100% of B in 10 min.at e
flew rate of 0L30 mibfmin. For ryptc digests the gradient was from O to
EE% of B in 40 min, and bom G555 1= 100%, of & in £ min, Tha T
aglittor rosulad in o flow-mita of 0.20 mb'min loward the diode aray
rhelacior and 0. 10 mbfmin lowerd fhe ES| source, During the first 5 min
of sgparation, e ahiole wia diverted o wasts o avold instrurment
damags bacause of tha high salt concentmbion. Tha photodioda armay
delecior was set pl 214 and 278 nm. Mass apecirn s collected
avany 3 ma in the poaltive ion modae. The MES sproy voltngs was 5.0 kY,
und the capdiary temperatune was 260 °C.

High-resclution HPLC-ESHME/MS  exparimants ware parformmad
on a LTG Orbitrap XL apparatus, useg the same eluents &5 for e
HPLG-ESIMS analynls. The applied gradisnt was: 0—4 min 5% B,
438 min rom &% ko 50% B (inear], 3841 min from 60% to 0% B
(Fnaar), at a fiow rate of 80 plmin. MESAAS specira wers coliscted in
data depandent soan mode with o copillory lemporatung of 350 °C, o
sourca voltage of 3.6 KV and a capillary voltage of 40 V. Measure-
menis ware performed in the positive ion mode and mase nocumoy
[FT} wena callbratad bafora measuramants. lons ware solated with a

wighth of 610 miz and sotivatid ke 30 me waing 369 nomakized
collision anargy and an activation q of 0.25.

Chemchiation af Saivary Peplides and Profeins—Protaine
(salvawy acdic profinee-rnch proteins, histatine, sallvey oystotina,
elatharin, proline-rich paptide P-B, o~defansina 1~-4, cystating A, B,
C, beta-thymosins (4 and 100, S100A7 (D27), S100A8, S100A8, and
5100412 proteine} and several dernaives (acetylatsd, cysteinylatad,
ghutathicnylated, phosphoryiated, and oxidized forma) hava bean al-
ready identifisd n our previous skudies (13-21), Expenimental mase
values weana cbtalned by deconvolution of averaged ESI-MS spactra
momatically parformod using MagTran 1.0 software (22), Experi-
mantal and thecratical nverage maas valuas, avallable at the Swiss-
Prol Data Bank (hitp/is axpasy org/tocls), ans reportsd n Taile |,

Cystolin C ard k= oxidized dervotive wers confirmed in the presanl
etudy by high resohtion HPLC-ESI-MS/MS analysls of trypsin diges-
lion products, Semi-purified Facbons of cystatin © and s desivalive
wera collected ot tha T-splitter during HPLC-ESI-MS axparimania snd
submitted o digeation using the kit “Trypain Sngles Proteamic
Grade™ (Sigma-Akdrich) according o he mamnuiacture's instructions,
Trea reaction was stopped after 12 b of incubation by acidification with
0,1%: TFA (final concentration) and the soluton stoned atl — B0 "C unfil
the analyale. HPLC-ESI-MS/MS data wers analyred by the Protecma
Disooverar 1.2 program, bosoed on SEQUEST cluster as & sarch
angine (Univeraity of Washington, licensed to Thermeo Electron Comp..,
San Joss, CA) againat Swiss-Frot numan profecnna [March 3™, 2001
relessed; Swiss Prot human complets lasto; 24,785 nonredundant
proten secriances), The decoy datahass included the reversed e
sion of the human proteome., and the false decovery rate (D) wans
set to 001 for identifications. For paplide matching the limits ware
Koy sscornn grosile than 1.5 for siighy changed ons and 2.0 and 2.5
mmmmwmmm.wmm
il

Precurscr mass search tolarance was sat to 10 ppm and fragment
rriadd fedsrancs wan set to 0.6 Da. Diffsrent saarchas were carmied oul
to determine posl-romslational modifications [FTMs), Peplide se-
quancas and sites of covalent madbfications wera abso validated by
miral spicia annotation, The results of HPLGC-ES!-MS/MS axper-
Imevis (eupplernantai Table S 1) and annciated specira are reporiad in
the Supplamantal Matesial Our dota wers in agreamant with tha
resufts ol Ryan of af, [23) that demonstrated by o top-down approoah
that the matuee form of cyetatin © cantaine 120 amino ackis and
inchadas two dimillide bonds. In our samps the presancs of a
naturally occurring mathionine sulloxide derfvative of cymatin G was
algt damonsiraled for the firet tima.

Cuantification —Juaniification was based on the mrea of the low
resclution RP-HPLEC-ESLME aitipoted lon Current POCY peaks, and
considerad when the B/N ralio was ol mast 5 Ths KT snabymis
salactively reveala a protein in the chromatographic profile by exiract-
feriatic of the prolein. The area of the XIC paaks js proportional to tha
poptideiprotaln concantration under constant analytical conditions
(24). Tha iona uead o quantily the prolens and paplides wars care-
fully salacied jo exchide valuss In common with other co-sluting
probsins, and they are reportesd in the suppherseinl Tabde 52 A
window af + 0.5 Dn win used o extracd ion chromalograms.

Oatn Anilysis —The soltwam GraphPad Priam (weeion 4.0) was
usad for siatistical analyain. Ranges, mediana, manna, atandard da-
vinbors, and standand emoes wane calculated for oll the peptide and
protein JiC peak area. Means and standard deviations arm reported n
Tabde Il To compars the groups we used the cpportune statistical tast
trking into nocount the distribution of fhe data nosmal o skewed) and
the vasiances (homogensaue o unegual). According to theea char-
acteristios the toots wed wers the following: pemmetric | teat {wari-
ance hormogenecus]; | tast with Welch comestion (normal distribution,
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Tapwk |
Elvtion tirmes, experimantal and theorviical average mass values ([Dn) of the probeine and peplides datected and quantifed in salva of OS
siubjects and confrods. The term PRP-1 type inclides the thres antire isaforms PRP-1, PAP-2, and Pifs, with & mass difference of 1 Da. The
farm FRE-S hpe inclicdes the franceted soforms FREST, PARP-, and Fif

Protain [Swiss-Prat coda) El firme i) Exp, av imass (The av misa)
PRP-1 typa 2F (PO2810) B2 6236 15515 = 2 (16 514=15 515)
FRP-3 type 2P (PO2ATD) a-2a2 11,161 £ 1(11,181-11,1628)
P-C peptide {PO2E10) 13.6-14.5 4.370.8 £ D4 (4,370.8)
Histatin 1 (P15515) 23238 48282 = 0.5 (4,928.9)
Hiatatin 3 (P16514) 17E-178 40622 + 0.4 (4,062.4)
Histatin 5 (P15518) 142147 3,038.5 = 0.2 (3,008.3)
Histatn & (P15514) 14.0-14 4 31824 = 0.3 (3,1925)
Cyatatin S nonP [PO1036) aAra-882 14,186 = 2 (14,185 8)
Cystatin S 1P 81) aIT7-384 14268 = 2 (14,285.8)
Cyatatin S 2P (S2) 37.8-38.4 14,348 = 2 (14,345.8)
Cysiatin SN [PO1067) 35.8-58.4 14372 = 2 (14.313.1)
Cystatin SA [POSZ28) 38.7-39.4 14,347 = 2 [14,346.1)
Cyatatin B dimeric form [PO4060) 396-04.4 22,902 = 3 (22 581.2)
Cyutatin B ghutathionyksted 325-33.1 11487 = 2 [11.488.7)
Cysiatin C (PO1034) 38.2-38.9 13343 = 2 }13.340.1)
Cyetatinn C methionine sutfooids a8.1-38.7 13,380 = 2 (13,350 1)
Btatherin 2P (POZE0S) 289-79.5 5,380.0 = 0.6 (4707
P-8 (PO2814) 20.7-30.8 5.782.9 £ 0.5 [5.792.7)
Thyrneain f, (PE25RE) 20.7-21.0 4,8060.7 = 0.4 [4,962.5)
a-clutarsin 1 (PEREAS] 24.6-25 4 34421 = 0.4 (3,442.)
e-cdefenain 2 (PSE885 and PS568E) 24.9-254 3,371.0 = 04 (337100
n-dehenain 1 (PSEE50] 24.9-254 34801 = 0,4 {5,466.1)
S100AT [D27) [P311519) ara-ann TLAST 2 (11,087 8)
51 00AE (POS100) 30.1-20.7 10,833 = 2 (10,834 5)
S100A8 shart 1P (POBTOS 41.53-420 12,770 + 2 (12,780 2)
S100A8 short 1P mathionins sultoasds 413420 12,788 + 2 (12,785.3;
510042 short 41.5-42.0 12,600 + 2 {12,609.0)
S100A8 short methionine sulfoxids 413420 12,707 £ 2 12,7052
E100AD long glutnihicmyiated 41.1-418 13,458 = 2 (12,456, 5)
5100412 PBEISI) 39.5-40.2 10,443 £ 2 (10.443.9)

* Tha Swiss-Prot code refers to tha varlant E27,

Tame

Extracted jon ourest peak arsas of saivary proteins/peptices of glanduler origin determinad in D8 suljects and healtiy confroks
fmean vaives = 5.0, <10

Cirlg® Paotisrin® Girla® Prtierie® Chria® Prtiants?
Pt gt p=1m PV oy o PR e peie
PRP-1 2P 181 =137 152 = 10.3 ne 407 = 22.8 iBa= A 0001 0.002 L]
PRE-3 2 b5 * 4.0 1281 né 182285 04 52 B O na
PG 8a+d2 Ad =74 ns 133 +A7 11.0 =100 ns .0001 ne
Het-1 28=19 22=18 ns 3424 4.8 =850 na na 0.0
Hal-a 0.7 08 o708 s 08 1S5 10210 002 na ns
Het-5 LT 3p=33 ns 23x2% 53 x40 0. na ng
Het-6 0B =05 082089 ne 12229 2218 na nis g3
Cysts 02=043 1= n 0504 =08 L0004 ke Ve ne
Cyat 51 27 =30 12=14 ns B6 = 5.1 B 00001 0.002 na
Cyat 52 0B=13 ga =05 na 1811 04 = 0 0.0002 QG4 s
Cyat 5N 42282 a5=49 ™ 1209+ 92 3T =82 Q.001 0.001 ns
Cyul 58 10208 g2=03 0.004 1417 0203 0.002 ne s
Stathwarin 6.1 x4 7.8 x832 ns g5t 6l 127 £ 120 na na ns
F-&8 41 =27 92 =7 0.0 148 83 154 = 128 ns < 0.0001 na
* Age 10-17 yr group.
& Conirols v DS subjecis.
© hge 18=60 yr group.

< Age 1017 wie oo TH-60 yr group, ne. mol significant.
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Fic. 1. Typical total ion current profile (TIC) of the scidic soluble frection of whole saliva from Down syndrome subjects. The slution

ranges of fhe ealivary proteins mueshigated n the study are indicatad.

variance unequall, and the nonpammetic Manr-Whithey fest
{shmwad distribution. varinnce uneauall, Slatistical analyeis wos con-
sicdered significant when the o value was lesa than 0,05 [bwo-toiled).

RESLATS

Unstimulated whole sailva was rapidly coliected and
treated with aqueous TFA 10 reduce proteln degradation by
aral pmiainases after collaction, and anly the acidic saluble
fraction was considerad for the AP-HPLC-ESI-MS invastiga-
tion. The salivary proteins and peptides detactad and quan-
tifisd are reported in Table |, and their chromatographic po-
sition is shown in Fig. 1. Charactanzation of thase proteins,
mainty based on tha AP-HPL C-ES51-M5 and Tandem/MS anal-
yEis, has been previously described by some of us (13-21)
Cystatin C and fis sufoxide dervative on mathionine 14 wers
confirmead in the prasant study by high reschation HPLG-ESI-
MS/MS analysiz of trypsin digestion products and data ane
reparted in supplamantal Tabla 51, Tha laval of paptides and
proteins under study, established on e basis of Uwe ex-
tractad ion cumen! peak arsd, is reported in Tables 11 and NI
Because it iz known that the level of some salivary proteins
and peplides 15 age-dependent (25), and m particular that
BEFRPs ame not fully sxpmssad umtl after tha pubanal 308, we
excluded bPAPz frorm our analyses and divided tha subjects
in the following two age groups: 1017 years and 18-50
yRars

Differances in the Salvary Lavels of aPRPs, Cystating, and
P-8 Papiide—in agresmant with the aieady reported in-
crease of salivary concentralion of aPRPs with age [25) tha
comparison betwesn the age 10-17 yr and the ags 18-60 yr
control groups (Tabée II) resuited n a statisticatly significan
diffsrence of the laval of the major isoforms of aPRPS, namaly
diphosphorylated PAP-1 type (o value 0.002) and FAP-3 typa
aPAPs (o value 0.0002). as well as of the peptide PC which is
aenerated from PRP-1 Type proteins Dy protenlytic cleavaga
belore secretion (o valve 0L0007). Unbke controls, aPRAPg
concentration was only slightly affectad by age in the DS

subjects. This diffarem behavior resulled in a statistically sig-
nificant lowar concartration of aPAPE in the ags 1B-50 yr
patients wilh respect to contral group (o value 0,001 and 0.01,
respectively]. Even more significant was the difference ob-
served In the levals of salivary cystatine 5, 21, 22, and 8N,
which were lower in saliva of the aga 18-50 yr patients with
respact 1o contml group with the sama ags (o value <0.00M1,
Table I}, Also this result orginated from the significant In-
craasa ol cysiatin concantration wilh age in the controls
{p values <0,004). Inierestingly, cystatin 8A did not show a
quantitalive variation with agea, and (s level was significantly
lower in patients than in controls of both age-groups (o value
0.004 and (LD02, respeciively]. Cystatin B was detected in
two different oforms: dimeric and glutathionylated. Only the
safivary concentration of dimesic cystatin B was found signi-
lcantly lower in the oides! DS subjects with respect to the
cormasponding control group (Table 1. Gystatin C showad a
lalistically signilicant higher concentration in the age 18-50
YT group with respect 1o the age 10-17 yr control group, but
it in DS subjects (Tatie ). The differance muy be attributed
1o an incrasss wilh aga of the cridused form n the 02 sul-
jects; the same was also observed for 310048 shont Isoform
{58= below),

Az observed for the olher salivary proteins with glanduigr
secretion origin, P-B peplide concentration incraased signif-
camly with age in control subjects (o valuse <0.0001). More-
owver, tha paptide was found significantly mors concantratad
in zaliva of the young patiants with respact to controls. How-
sver, this result may refiact the high variability of paptides
concantration in the contnal group.

Antimicrobia! Peptides: Histating, &nd w-Defensing—Tha
antimicrobial peptitdes histating 3 and 5 (he peptide of the
histatin family with higher antimicroial activity) showesd sim-
liar saiivary levels in the 10-17 yesr old patient and comtrol
groups (Table 1], bul the INcreass N Concantration wiln age in
ihe patlems, aven not statistically significant, resulted In a
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significant difference between DS subjects and controls
(o value 0.02 for both histatins}, A similar behavior was ob-
sarved for e-defansins 1, 2, and 3, thal showsd a trend 1o
incraase with age in DS subjects. This was most significant lor
u-defensing 1 and 2 [p value 0.03 for both), but ot in controls
(Fig. 2, Tabla Wl). Thus, the levels of the o-defensins 1-3
ncraase in the 18-50 yvear old patient group with respect 10
contrats {p value < 0LD0G).

51004 Family Proteins and Thymosin B4 —Several proteing
belonding 1o the family of 5100A wem detected and quanti-
fiedl in saliva of the subjects affectsd by Down syndrome; they
were ST00AT [D27), 510048, 510049, and S100412. In the
age 10-17 yr patiant group, 5100A7 (D27) was datectad in all
the samples (Fig. 3), whemnas it was present only in 14 sam-
pies of the age 18-50 yr aroup. In the youngest pationt group
S100AT (O27) was tha most representsd member of tha
51004 family probaing, logether with S100A8 thal was de-
tected in the following different isoforms: shor, short ohos-
pharylated fat Thr-108 residue), and long S-plutathicnylated
al the Cys:-2 regudun (26). Part of the S100AD shon forms wan
axidized ar the Ma-05 residus (15). A comparson betwesan
age 18-50 yr DS subjects and controls showed a stelishically
significant differant leval of both S100A9 shart phosphoryl
ated and nonphosphondated izoforms (o values 0.04 and
0.05, respectively). The difference was mainly because of the

incraasa with age of the comesponding oxidized dervatives in
the DS subjects. Differently, the levals of $100A9 lang gluta-
thionylated ware not affected by theage. DS subjects showed
& lower lgval of phosphorylated ST100AS short soforme with
respect 10 controls, even if the difference has nol been dam-
onstralad to be statistically significant,

510048 was rarely detected In the controls and in tha
youndg patients, The frequency was highast in the age 18-50
yr patiant group (10 out of 18 samplas, Fig. 3), that showed a
significantly mcreased kvel of S100AB wilh respect to
matchad cantrals (o valua 0.02). A similar bahavior was ob-
gserved lor ST00A%2 peotein (Fig. 3); namaly it was ranaly
detected in the controls, and found o Increase In thi age
18-50 yr DS subject group (o valua 0.002), Bacause 3100412
wias detected only in one sample of the age 10-17 yr conimol
group it was not possible 10 perfarm a statistical analysis for
comparison with the coresponding DS group [Fig. 3).

Thymosin B4 salivary concentration inoreased with age
both in DS subjects end controls, but the increasse was less
gignificant in the fommver. Nonetheless, no significant differ-
ences were found betwean DS subjects and controls,

MSCUSSION

A protenmic imvestigation of saliva of DS subjects revealsd
sevaral Intenesting differences wilh mespect to control sub-
fects. The Increase in concentration with age of the major
salivary proteins of glandular origin, s8en in healthy subjects
and confimned by the presenl data. was not observed in the
DS sublects. Imerestingly, in & previous study Chaushu af al
{27) shawsd the statistcally significam reduction of pandtid
gland salivary secretion in subjects with DS comparad with a
haalthy comtral goup. Momeovar, tha maan flow rate of tha
older patients was found 1o be decreasaed Dy 50% as com-
pared with the younger group, demonstrating a decrease in
stimuiated parctid saliva fiow rats scross the adult age spec-
trum in these subjeets, differendy from confrol group. The

aUthors suggested that a possible explanation for e dechne

of tha salivary secretion n the older subjects with DS could ba
the occumence of age-relted neurcpathological changes,
consistant with Alxheimer's disaass (AD), Indesd, & longituci-
nal study on oral health in subjects with AD demonstrated that
salivary flow rates decreases in thess subjects (28). It has
baan shown that DS = assnclated with sarly developmant of
dlemantia (29), and i has also bean suggested thal oxidative
stress could play a role in the pathogenesis of the clinical
features of DS [30). As a resull of over exprassion of SO
encoded by genes on chromesomn 21 in DS, them is an
imbalance of the ratic of anti-oxidant enzymes Cu-Zn super-
oide dismulass, glutathione paroxidata, and catalase, which
results In oxidative damage of different molecules and might
be refated 10 the degree of intellectual disability, premature
aging, and demeantia observed in DS (31-33. Intarastingly, it
has been obsarved recantly thel overmaxpression of amyloid g
A8} protein, whose gene Is located on chromosome 21, may
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be a1 the basis of Ihe susceptibility to cxidative stress ob-
sarved in 0S5 subjects (34), Indeed, it has been demonstrated
that A protein induces mitochonddal oxidative stress, sug-
gesting & novel pro-oxidant role lor A protein, which may be
relevant in AD and DS dissase pathologies (34).

Muost likely cdoative stress conditions am alse responsible
for the increase of concentration in the DS subjacts of mathi-
onine sulfoxide derivatives of cystatin C and §100A9. Mathi-
aning oeddation of cystatin © has been alresdy characterzed
in tha recombinant protain axpressed in E coll by Bart ef ai.
(35). The same authors demonstrated that oxidation does not
affact the structure of the proteasa-hinding region, and thus
e interaction with substrales.

Oxidation of S100A9 has been aiready detected in saliva
from childran atfected by type 1 diabetes (19). Sroussi et al

(3€) reported that in the healthy mucosal tissue, axprassion ol
5100A3 by the epithelium may sarve to Inhibit leukocyte ro-
cruitrment, and obsarved thal axidation of S1004A3 abalished
the chemo-repulsive effect on peripheral neutrophils, con-
cluding that S100A5 serves as a molecular switch for axida-
tiva control of inflammation egulated by its oxidative alters-
thon, Owidized MetB3, Met81, and Matd4 wers alsn found 1o
be varicusly prasant In S100A9 from asthmatic sputum by
Gomes ef al (37). According to these authors, finding of
axdirad 510049 In a human inflammatory condition supports
the nation of its cxidant scavenging capacity i vivo,

The most interesting differances pbsarved batwaan DS
subjscls and comtrols concemed the levels of S1D0AT,
S100AE and S100A12 proteins. Interestingly in a recant study,
Qin et-al. (38} identified and characterized by proteamic ap-
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proachas the protain S100A7 in tha CSF and brain of Alzhsi-
mer's dissasa. The authors demonstrated that S100AT don-
tent was elevated In tha cerebrospinal fiuid (CSF) of AD
dementia cases compared with neurclogical control cases,
and these alevatad S100A7 levels selactively identified AD
clinical savedty, concluding that S100AT could be an sarly
piomarker of AD. They also hypothesized that changes n
S100AT levals In thea CSF of AD patiants may reflact the
axidative siress changses, and thus they could ba explored o
monitor oxidative stress changes associaled 1o allered AR
metabolism o AD (39). In this study we found that salivany
concentration af S100A7T i sigrificantly higher in Down syn-
drome subjects with respect 10 contmls, but we did not ob-
sarve 3 significant increasa of tha protain laval with the age.

Cormeersely, the saivary concamtration of S100A12, and in
paricular tha frequency of absenation, significantly in-
creased in DS subjects with age. S100A12 is a patent che-
moattrectant for monacytic calls (20}, and it activates vanous
call types by binding the receptor for atlvanced glycosylatian
end products (RAGE), a multiigand member of the immuno-
globulin superfamily of call surface molecules, Inducing x-
pression of adhesion molecules and pro-inflammatary cyto-
kires (41) It has bean raporked that the RAGE patinay is also
involved in amyloidosts [42), and Inoreased RAGE expression
has bean associated with tha lesions of AD {43).

Similarky 10 S100A12, the frequency of S10048 also in-
creased with age. The laval of all the forms of shon S100A3
did not changa, and age only affectsd the relative quantity of
thie oxidized and nonoxidized foms, resulling in the ncreased
relative amount of tha Latter.

This study was nol able 1o characterize S1008, which is
related 1o neuropathotogy in brain regions, probably Decause
of ievalz in the salivary fluid being below tha ssnsitivity of tha
metnod applied (44).

interestingly. in the prasent study we detected only the
variant D27 ol S100A7. Praviously, on whole saliva of new-
borns the isoform E27 was also detectad, bul in minor guan-
tities with respact to the D27 iscform (20). Protain saguence
polymoephisms ansing from sngle nucieotide polymorphisms
has bean also shown for other human salivary proteins, Le
P-C peptide [45), cystatins (23], and saveral bPAPs [46-48).
Tha top-down proteomic approgch applied in this study offers
the advantage 1o contemporaneously control a great number
of paplide and proteins and characleriza specilic polymor-
phisms and unusual PTMs, which could be connected in
differant ways 1o pathological condiions.

Even though it has been repored an impaired function of
nautrophils in DS subjacts, our study showed the higher levels
of tha antimicroblal a-defensing 1-3 with respect to controls.
A contribution to this result may derve from the mepored
relghionship batwesn S5100AT and o-geisnsing, In fact, Zhang
af &l demonstreted that S100A7 enhances massangar ANA
axpression of o-delensing 1-3 and induces their extraceliular
ralsass (43),

On the whola tha results of tha presant investigation con-
firm that the use of saliva for diagnostic and prognostic pur-
poses is promising. The different concentration of several
salivary paptides recognized as impartant biomarkers of dif-
fesant pathologies and in particular of some complications of
DS confirms that saliva, a simply and not invashwely collecta-
bla biofluid, may reflect systemic disordars. As the lifespan for
those with D3 continues to increass, the abiilty to prevent or
delay tha progression ol naurcdeganarative dizaasas will pro-
mata haalthy aging and improve quakity of life of DS subjects.

* Thia work was supported by Cagliar University, Cathobo Uinivar-
sty of Rorna, MILIR, takan Nationa! Resesroh Councll (CNA), Regione
Sardegna, and Mando Parettl Foundation.

[E] This articks contains supplamental Tablas 51 and 52
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