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Significant Modifications of the Salivary
Proteome Potentially Associated with
Complications of Down Syndrome Revealed by

Top-down Proteomics*s
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Federica lavarone|, Giuseppe Zampino**, Massimo Castagnola|, and Irene Messanat

People with Down syndrome, a frequent genetic disor-
der in humans, have increased risk of health problems
associated with this condition. One clinical feature of
Down syndrome is the increased prevalence and severity
of periodontal disease in comparison with the general
population. Because saliva plays an important role in
maintaining oral health, in the present study the salivary
proteome of Down syndrome subjects was investigated
to explore modifications with respect to healthy subjects.
Whole saliva of 36 Down syndrome 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-
formance liquid chromatography-electrospray ionization-
MS analysis of the intact proteins and peptides, and the
qualitative and quantitative profiles were compared with
sex- and age-matched control groups. The results
showed the following interesting features: 1) as opposed
to controls, in Down syndrome subjects the concentration
of the major salivary proteins of gland origin did not in-
crease with age; as a consequence concentration of
acidic proline rich proteins and S cystatins 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 older 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 S100A7 and S100A12
may be of particular interest as a biomarker of early onset
Alzheimer’s disease, which is frequently associated with
Down syndrome. Molecular & Cellular Proteomics 12:
10.1074/mcp.M112.026708, 1844-1852, 2013.
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Down syndrome (DS)' is a frequent genetic disorder in
humans characterized by premature aging (1). A clinical fea-
ture of people with DS is the increased prevalence and se-
verity of periodontal disease compared with age-matched
subjects of similar levels of intellectual impairment and com-
pared with the general population (2). Common conditions
observed in DS are marginal gingivitis, acute and subacute
necrotizing gingivitis, advanced periodontitis, gingival reces-
sion, and pocket formation (3, 4). It is known that saliva plays
an important role in maintaining oral and dental health, be-
cause of the presence of a variety of antimicrobial peptides
mainly derived from gland secretion, oral epithelial cells, and
neutrophils (5). Several papers reported that neutrophils and
T-lymphocyte function is impaired in people with DS (6-9).
However, the salivary secretion of the antimicrobial LL-37 in
young individuals with DS was found normal (10). A review of
the literature (11, 12) reveals only sporadic and contradictory
reports that attempt to explain the role of saliva in the oral
health of subjects with DS, and on the whole, information on
the biochemical composition of their saliva is scarce. On the
basis of the above information, in the present study, we
proposed to investigate the salivary proteome of DS subjects
by an intact protein-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-
mine qualitative and quantitative differences. Interestingly, the
results showed that several members of the S100A family,
which possess different biological functions, and also de-
scribed as potential markers of the Alzheimer Disease, were
significantly increased in saliva of Down syndrome subjects
with respect to controls.

EXPERIMENTAL PROCEDURES

All chemicals and reagents were of analytical grade and were
purchased from Farmitalia-Carlo Erba, (Milan, Italy), Sigma Aldrich

" The abbreviations used are: DS, Down syndrome; AB, amyloid j3;
AD, Alzheimer’s disease; CSF, cerebrospinal fluid; PRP, proline rich
proteins; RAGE, receptor for advanced glycosylation end products;
TIC, total ion current; XIC, eXtracted ion current.
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(St. Louis, MI) and Merck (Damstadt, Germany). Low-resolution high
performance liquid chromatography-electrospray ionization-ion trap-
MS (HPLC-ESI-ion trap-MS) measurements were carried out by a
Surveyor HPLC system (ThermoFisher, San Jose, CA) connected by
a T splitter to a diode-array detector and to an LCQ Advantage mass
spectrometer (ThermoFisher). The mass spectrometer was equipped
with an ESI source. The chromatographic column was a Vydac (Hes-
peria, CA) C8 column with 5 um particle diameter (column dimensions
150 X 2.1 mm). High-resolution HPLC-ESI-MS/MS experiments were
carried out by an Ultimate 3000 Micro HPLC apparatus (Dionex,
Sunnyvale, CA) equipped with a FLM-3000-Flow manager module
coupled to LTQ Orbitrap XL apparatus (ThermoFisher). A Zorbax
300SB-C8 column (3.5 um particle diameter; column dimension 1.0 X
150 mm) was used for these experiments.

Ethics Statements and Subjects under Study—The study protocol
and written consent forms were approved by the Medical Ethics
Committee of the Faculty of Medicine of the Catholic University of
Rome (according to the instructions of the Declaration of Helsinki).
The study protocol was explained to both parents and children, and
informed written consent to participate in the study was obtained
from a parent. Down syndrome subjects were enrolled at the Depart-
ment of Surgery, Medical, Molecular, and Critical Area Pathology,
University of Pisa and at the Institute of Pediatric Clinic of the Faculty
of Medicine of the Catholic University of Rome. The 36 patients
enrolled for the study were divided in two age-groups: 10-17 years
(mean age *= S.D.: 12.6 = 2.3; 3 females (F), 15 males (M)) and 18-50
years (mean age *= S.D.: 27.5 + 8.6; 5F, 13 M). The two control
groups comprised the same number of subjects: 10-17 years (mean
age = S.D.: 12.7 = 2.3; 5F, 13 M) and 18-50 years (mean age = S.D.:
27.6 = 8.0; 11F, 7 M).

Sample Collection—Unstimulated whole saliva was collected ac-
cording to a standard protocol. Donors did not eat or drink at least 2 h
before the collection, which was performed in the morning between
10:00 A.m. and 12:00 p.M. with a soft plastic aspirator. Saliva was
transferred to a plastic tube in an ice bath and an acidic solution
(0.2% 2,2,2-trifluoroacetic acid (TFA)) was immediately added in 1:1
v/v ratio. The solution was then centrifuged at 8000 X g for 10 min at
4 °C. The acidic supernatant was separated from the precipitate and
either immediately analyzed by HPLC-ESI-MS (100 wl, corresponding
to 50 ul of saliva) or stored at - 80 °C until the analysis.

HPLC-ESI-IT-MS Analysis—The following solutions were used for
reversed phase (RP)-HPLC-ESI-MS analysis: (eluent A) 0.056% (v/v)
aqueous TFA and (eluent B) 0.05% (v/v) TFA in acetonitrile-water
80/20. The gradient applied for the analysis of saliva was linear from
0 to 55% of B in 40 min, and from 55% to 100% of B in 10 min, at a
flow rate of 0.30 ml/min. For tryptic digests the gradient was from 0 to
65% of B in 40 min, and from 65% to 100% of B in 5 min. The T
splitter resulted in a flow-rate of 0.20 ml/min toward the diode array
detector and 0.10 ml/min toward the ESI source. During the first 5 min
of separation, the eluate was diverted to waste to avoid instrument
damage because of the high salt concentration. The photodiode array
detector was set at 214 and 276 nm. Mass spectra were collected
every 3 ms in the positive ion mode. The MS spray voltage was 5.0 kV,
and the capillary temperature was 260 °C.

High-resolution HPLC-ESI-MS/MS experiments were performed
on a LTQ Orbitrap XL apparatus, using the same eluents as for the
HPLC-ESI-MS analysis. The applied gradient was: 0-4 min 5% B,
4-38 min from 5% to 50% B (linear), 38-41 min from 50% to 90% B
(linear), at a flow rate of 80 wl/min. MS/MS spectra were collected in
data dependent scan mode with a capillary temperature of 250 °C, a
source voltage of 3.6 kV and a capillary voltage of 40 V. Measure-
ments were performed in the positive ion mode and mass accuracy
(FT) was calibrated before measurements. lons were isolated with a

width of 6-10 m/z and activated for 30 ms using 35% normalized
collision energy and an activation q of 0.25.

Characterization of Salivary Peptides and Proteins—Proteins
(salivary acidic proline-rich proteins, histatins, salivary cystatins,
statherin, proline-rich peptide P-B, a-defensins 1-4, cystatins A, B,
C, beta-thymosins (4 and 10), S100A7 (D27), S100A8, S100A9, and
S100A12 proteins) and several derivatives (acetylated, cysteinylated,
glutathionylated, phosphorylated, and oxidized forms) have been al-
ready identified in our previous studies (13-21). Experimental mass
values were obtained by deconvolution of averaged ESI-MS spectra
automatically performed using MagTran 1.0 software (22). Experi-
mental and theoretical average mass values, available at the Swiss-
Prot Data Bank (http://us.expasy.org/tools), are reported in Table I.

Cystatin C and its oxidized derivative were confirmed in the present
study by high resolution HPLC-ESI-MS/MS analysis of trypsin diges-
tion products. Semi-purified fractions of cystatin C and its derivative
were collected at the T-splitter during HPLC-ESI-MS experiments and
submitted to digestion using the kit “Trypsin Singles Proteomic
Grade” (Sigma-Aldrich) according to the manufacturer’s instructions.
The reaction was stopped after 12 h of incubation by acidification with
0.1% TFA (final concentration) and the solution stored at —80 °C until
the analysis. HPLC-ESI-MS/MS data were analyzed by the Proteome
Discoverer 1.2 program, based on SEQUEST cluster as a search
engine (University of Washington, licensed to Thermo Electron Corp.,
San Jose, CA) against Swiss-Prot human proteome (March 379, 2011
released; Swiss Prot human complete.fasta; 34,765 nonredundant
protein sequences). The decoy database included the reversed ver-
sion of the human proteome, and the false discovery rate (FDR) was
set to 0.01 for identifications. For peptide matching the limits were
Xcorr scores greater than 1.5 for singly charged ions and 2.0 and 2.5
for doubly and triply charged ions, respectively, one missed cleavage
site.

Precursor mass search tolerance was set to 10 ppm and fragment
mass tolerance was set to 0.8 Da. Different searches were carried out
to determine post-translational modifications (PTMs). Peptide se-
quences and sites of covalent modifications were also validated by
manual spectra annotation. The results of HPLC-ESI-MS/MS exper-
iments (supplemental Table S1) and annotated spectra are reported in
the Supplemental Material. Our data were in agreement with the
results of Ryan et al. (23) that demonstrated by a top-down approach
that the mature form of cystatin C contains 120 amino acids and
includes two disulfide bonds. In our samples the presence of a
naturally occurring methionine sulfoxide derivative of cystatin C was
also demonstrated for the first time.

Quantification—Quantification was based on the area of the low
resolution RP-HPLC-ESI-MS eXtracted lon Current (XIC) peaks, and
considered when the S/N ratio was at least 5. The XIC analysis
selectively reveals a protein in the chromatographic profile by extract-
ing the ion current associated with the multiply charged ions charac-
teristic of the protein. The area of the XIC peaks is proportional to the
peptide/protein concentration under constant analytical conditions
(24). The ions used to quantify the proteins and peptides were care-
fully selected to exclude values in common with other co-eluting
proteins, and they are reported in the supplemental Table S2. A
window of = 0.5 Da was used to extract ion chromatograms.

Data Analysis—The software GraphPad Prism (version 4.0) was
used for statistical analysis. Ranges, medians, means, standard de-
viations, and standard errors were calculated for all the peptide and
protein XIC peak area. Means and standard deviations are reported in
Table Il. To compare the groups we used the opportune statistical test
taking into account the distribution of the data (normal or skewed) and
the variances (homogeneous or unequal). According to these char-
acteristics the tests used were the following: parametric t test (vari-
ance homogeneous); t test with Welch correction (normal distribution,
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TABLE |
Elution times, experimental and theoretical average mass values (Da) of the proteins and peptides detected and quantified in saliva of DS
subjects and controls. The term PRP-1 type includes the three entire isoforms PRP-1, PRP-2, and Pif-s, with a mass difference of 1 Da. The
term PRP-3 type includes the truncated isoforms PRP-3, PRP-4, and Pif-f

Protein (Swiss-Prot code) El. time (min) Exp. av mass (Th. av mass)
PRP-1 type 2P (P02810) 22.9-23.6 15,515 = 2 (15,514-15,515)
PRP-3 type 2P (P02810) 23.3-24.2 11,161 =1 (11,161-11,162)
P-C peptide (P02810) 13.6-14.5 4,370.9 = 0.4 (4,370.8)
Histatin 1 (P15515) 23.3-23.8 4,928.2 + 0.5 (4,928.2)
Histatin 3 (P15516) 17.6-17.9 4,062.2 + 0.4 (4,062.4)
Histatin 5 (P15516) 14.2-14.7 3,036.5 + 0.3 (3,036.3)
Histatin 6 (P15516) 14.0-14.4 3,192.4 + 0.3 (3,192.5)
Cystatin S nonP (P01036) 37.4-38.2 14,186 = 2 (14,185.8)
Cystatin S 1P (S1) 37.7-38.4 14266 =+ 2 (14,265.8)
Cystatin S 2P (S2) 37.8-38.4 14,346 * 2 (14,345.8)
Cystatin SN (P01037) 35.8-36.4 14,312 = 2 (14,313.1)
Cystatin SA (P09228) 38.7-39.4 14,347 = 2 (14,346.1)
Cystatin B dimeric form (P04080) 33.6-34.4 22,362 + 3 (22,361.2)
Cystatin B glutathionylated 32.5-33.1 11,487 = 2 (11,486.7)
Cystatin C (P01034) 38.2-38.9 13,343 = 2 (13,343.1)
Cystatin C methionine sulfoxide 38.1-38.7 13,360 = 2 (13,359.1)
Statherin 2P (P02808) 28.9-29.5 5,380.0 + 0.5 (5,379.7)
P-B (P02814) 29.7-30.6 5,792.9 + 0.5 (5,792.7)
Thymosin B, (P62328) 20.7-21.0 4,963.7 + 0.4 (4,963.5)
a-defensin 1 (P59665) 24.9-25.4 3,442.1 = 0.4 (3,442.1)
a-defensin 2 (P59665 and P59666) 24.9-25.4 3,371.0 = 0.4 (3,371.0)
a-defensin 3 (P59666) 24.9-25.4 3,486.1 + 0.4 (3,486.1)
S100A7 (D27) (P311519) 37.4-38.0 11,367 = 2 (11,367.8)
S100A8 (P05109) 39.1-39.7 10,833 = 2 (10,834.5)
S100A9 short 1P (P06702) 41.3-42.0 12,770 = 2 (12,769.2)
S100A9 short 1P methionine sulfoxide 41.3-42.0 12,786 = 2 (12,785.2)
S100A9 short 41.3-42.0 12,690 *+ 2 (12,689.2)
S100A9 short methionine sulfoxide 41.3-42.0 12,707 = 2 (12,705.2)
S100A9 long glutathionylated 41.1-41.8 13,458 + 2 (13,456.8)
S100A12 (P80511) 39.5-40.2 10,443 = 2 (10,443.9)

2 The Swiss-Prot code refers to the variant E27.

TaBLE Il
Extracted ion current peak areas of salivary proteins/peptides of glandular origin determined in DS subjects and healthy controls
(mean values + S.D. xX10%)

Protein Ctrls? Patients? p value? Ctrls® Patients® p value® Ctrls? Patients”
(n=18) (n=18) (n=18) (n=18) p value p value
PRP-1 2P 19.1 £ 13.7 152 +10.3 ns 40.7 = 22.8 19.8 + 8.1 0.001 0.002 ns
PRP-3 2P 55+4.0 71 *6.1 ns 1562 + 9.5 8.4 52 0.01 0.0002 ns
P-C 5342 8.4+74 ns 13.3 £ 5.7 11.0 £ 10.0 ns 0.0001 ns
Hst-1 29+19 22+18 ns 34+24 4.8 +5.0 ns ns 0.04
Hst-3 0.7 £ 0.6 0.7+ 0.8 ns 0.8 +1.5 16*+16 0.02 ns ns
Hst-5 1.7 =11 3.0 £33 ns 23 +21 5.3 +4.0 0.019 ns ns
Hst-6 0.8 + 0.5 0.8 0.9 ns 1.2+20 22+18 ns ns 0.03
Cyst S 0.2 0.3 0.1 = 0.1 ns 0.5+ 0.4 0.1 £0.2 0.0004 0.003 ns
Cyst S1 2.7 £3.9 1.3+14 ns 6.6 = 5.1 1.3+17 0.0001 0.002 ns
Cyst S2 0.8 +1.3 0.3 +05 ns 1.6 1.1 0.4 +0.8 0.0002 0.004 ns
Cyst SN 42 +6.2 35+49 ns 12.0 £ 9.2 3.7 £6.2 0.001 0.001 ns
Cyst SA 1.0 =0.9 0.2 +0.3 0.004 1.4 +17 0.2 +0.3 0.002 ns ns
Statherin 6.1 = 4.1 7.8 6.2 ns 9.5 = 6.1 12.7 = 12.0 ns ns ns
P-B 41 +£27 93+ 7.1 0.03 14.9 + 8.3 15.4 +13.9 ns <0.0001 ns

2 Age 10-17 yr group.

© Controls vs DS subjects.

¢ Age 18-50 yr group.

9 Age 10-17 vs age 18-50 yr group; ns: not significant.
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Fic. 1. Typical total ion current profile (TIC) of the acidic soluble fraction of whole saliva from Down syndrome subjects. The elution

ranges of the salivary proteins investigated in the study are indicated.

variance unequal), and the nonparametric Mann-Whitney test
(skewed distribution, variance unequal). Statistical analysis was con-
sidered significant when the p value was less than 0.05 (two-tailed).

RESULTS

Unstimulated whole saliva was rapidly collected and
treated with aqueous TFA to reduce protein degradation by
oral proteinases after collection, and only the acidic soluble
fraction was considered for the RP-HPLC-ESI-MS investiga-
tion. The salivary proteins and peptides detected and quan-
tified are reported in Table |, and their chromatographic po-
sition is shown in Fig. 1. Characterization of these proteins,
mainly based on the RP-HPLC-ESI-MS and Tandem/MS anal-
ysis, has been previously described by some of us (13-21).
Cystatin C and its sulfoxide derivative on methionine 14 were
confirmed in the present study by high resolution HPLC-ESI-
MS/MS analysis of trypsin digestion products and data are
reported in supplemental Table S1. The level of peptides and
proteins under study, established on the basis of the ex-
tracted ion current peak area, is reported in Tables Il and .
Because it is known that the level of some salivary proteins
and peptides is age-dependent (25), and in particular that
bPRPs are not fully expressed until after the pubertal age, we
excluded bPRPs from our analyses and divided the subjects
in the following two age groups: 10-17 years and 18-50
years.

Differences in the Salivary Levels of aPRPs, Cystatins, and
P-B Peptide—In agreement with the already reported in-
crease of salivary concentration of aPRPs with age (25) the
comparison between the age 10-17 yr and the age 18-50 yr
control groups (Table Il) resulted in a statistically significant
difference of the level of the major isoforms of aPRPs, namely
diphosphorylated PRP-1 type (p value 0.002) and PRP-3 type
aPRPs (p value 0.0002), as well as of the peptide PC which is
generated from PRP-1 type proteins by proteolytic cleavage
before secretion (p value 0.0001). Unlike controls, aPRPs
concentration was only slightly affected by age in the DS

subjects. This different behavior resulted in a statistically sig-
nificant lower concentration of aPRPs in the age 18-50 yr
patients with respect to control group (p value 0.001 and 0.01,
respectively). Even more significant was the difference ob-
served in the levels of salivary cystatins S, S1, S2, and SN,
which were lower in saliva of the age 18-50 yr patients with
respect to control group with the same age (p value <0.001,
Table Il). Also this result originated from the significant in-
crease of cystatin concentration with age in the controls
(p values <0.004). Interestingly, cystatin SA did not show a
quantitative variation with age, and its level was significantly
lower in patients than in controls of both age-groups (p value
0.004 and 0.002, respectively). Cystatin B was detected in
two different isoforms: dimeric and glutathionylated. Only the
salivary concentration of dimeric cystatin B was found signif-
icantly lower in the oldest DS subjects with respect to the
corresponding control group (Table Ill). Cystatin C showed a
statistically significant higher concentration in the age 18-50
yr group with respect to the age 10-17 yr control group, but
not in DS subjects (Table Ill). The difference may be attributed
to an increase with age of the oxidized form in the DS sub-
jects; the same was also observed for S100A9 short isoform
(see below).

As observed for the other salivary proteins with glandular
secretion origin, P-B peptide concentration increased signif-
icantly with age in control subjects (p value <0.0001). More-
over, the peptide was found significantly more concentrated
in saliva of the young patients with respect to controls. How-
ever, this result may reflect the high variability of peptide
concentration in the control group.

Antimicrobial Peptides: Histatins, and «-Defensins—The
antimicrobial peptides histatins 3 and 5 (the peptide of the
histatin family with higher antimicrobial activity) showed sim-
ilar salivary levels in the 10-17 year old patient and control
groups (Table ll), but the increase in concentration with age in
the patients, even not statistically significant, resulted in a
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Fic. 2. Distribution of the XIC peak areas of a-defensins 1, 2,
and 3 in the two age groups of controls and Down syndrome
subjects.

significant difference between DS subjects and controls
(o value 0.02 for both histatins). A similar behavior was ob-
served for a-defensins 1, 2, and 3, that showed a trend to
increase with age in DS subjects. This was most significant for
a-defensins 1 and 2 (p value 0.03 for both), but not in controls
(Fig. 2, Table lll). Thus, the levels of the a-defensins 1-3
increase in the 18-50 year old patient group with respect to
controls (p value < 0.006).

S100A Family Proteins and Thymosin 34 —Several proteins
belonging to the family of S100A were detected and quanti-
fied in saliva of the subjects affected by Down syndrome; they
were S100A7 (D27), S100A8, S100A9, and S100A12. In the
age 10-17 yr patient group, S100A7 (D27) was detected in all
the samples (Fig. 3), whereas it was present only in 14 sam-
ples of the age 18-50 yr group. In the youngest patient group
S100A7 (D27) was the most represented member of the
S100A family proteins, together with S100A9 that was de-
tected in the following different isoforms: short, short phos-
phorylated (at Thr-108 residue), and long S-glutathionylated
at the Cys-2 residue (26). Part of the S100A9 short forms were
oxidized at the Met-89 residue (19). A comparison between
age 18-50 yr DS subjects and controls showed a statistically
significant different level of both S100A9 short phosphoryl-
ated and nonphosphorylated isoforms (p values 0.04 and
0.05, respectively). The difference was mainly because of the

increase with age of the corresponding oxidized derivatives in
the DS subjects. Differently, the levels of S100A9 long gluta-
thionylated were not affected by the age. DS subjects showed
a lower level of phosphorylated S100A9 short isoforms with
respect to controls, even if the difference has not been dem-
onstrated to be statistically significant.

S100A8 was rarely detected in the controls and in the
young patients. The frequency was highest in the age 18-50
yr patient group (10 out of 18 samples, Fig. 3), that showed a
significantly increased level of S100A8 with respect to
matched controls (p value 0.02). A similar behavior was ob-
served for S100A12 protein (Fig. 3); namely it was rarely
detected in the controls, and found to increase in the age
18-50 yr DS subject group (p value 0.002). Because S100A12
was detected only in one sample of the age 10-17 yr control
group it was not possible to perform a statistical analysis for
comparison with the corresponding DS group (Fig. 3).

Thymosin B4 salivary concentration increased with age
both in DS subjects and controls, but the increase was less
significant in the former. Nonetheless, no significant differ-
ences were found between DS subjects and controls.

DISCUSSION

A proteomic investigation of saliva of DS subjects revealed
several interesting differences with respect to control sub-
jects. The increase in concentration with age of the major
salivary proteins of glandular origin, seen in healthy subjects
and confirmed by the present data, was not observed in the
DS subjects. Interestingly, in a previous study Chaushu et al.
(27) showed the statistically significant reduction of parotid
gland salivary secretion in subjects with DS compared with a
healthy control group. Moreover, the mean flow rate of the
older patients was found to be decreased by 50% as com-
pared with the younger group, demonstrating a decrease in
stimulated parotid saliva flow rate across the adult age spec-
trum in these subjects, differently from control group. The
authors suggested that a possible explanation for the decline
of the salivary secretion in the older subjects with DS could be
the occurrence of age-related neuropathological changes,
consistent with Alzheimer’s disease (AD). Indeed, a longitudi-
nal study on oral health in subjects with AD demonstrated that
salivary flow rates decreases in these subjects (28). It has
been shown that DS is associated with early development of
dementia (29), and it has also been suggested that oxidative
stress could play a role in the pathogenesis of the clinical
features of DS (30). As a result of over expression of SOD1
encoded by genes on chromosome 21 in DS, there is an
imbalance of the ratio of anti-oxidant enzymes Cu-Zn super-
oxide dismutase, glutathione peroxidase, and catalase, which
results in oxidative damage of different molecules and might
be related to the degree of intellectual disability, premature
aging, and dementia observed in DS (31-33). Interestingly, it
has been observed recently that overexpression of amyloid 8
(AB) protein, whose gene is located on chromosome 21, may
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be at the basis of the susceptibility to oxidative stress ob-
served in DS subjects (34). Indeed, it has been demonstrated
that AB protein induces mitochondrial oxidative stress, sug-
gesting a novel pro-oxidant role for AB protein, which may be
relevant in AD and DS disease pathologies (34).

Most likely oxidative stress conditions are also responsible
for the increase of concentration in the DS subjects of methi-
onine sulfoxide derivatives of cystatin C and S100A9. Methi-
onine oxidation of cystatin C has been already characterized
in the recombinant protein expressed in E. coli by Berti et al.
(35). The same authors demonstrated that oxidation does not
affect the structure of the protease-binding region, and thus
the interaction with substrates.

Oxidation of S100A9 has been already detected in saliva
from children affected by type 1 diabetes (19). Sroussi et al.

(36) reported that in the healthy mucosal tissue, expression of
S100A9 by the epithelium may serve to inhibit leukocyte re-
cruitment, and observed that oxidation of S100A9 abolished
the chemo-repulsive effect on peripheral neutrophils, con-
cluding that S100A9 serves as a molecular switch for oxida-
tive control of inflammation regulated by its oxidative altera-
tion. Oxidized Met63, Met81, and Met94 were also found to
be variously present in S100A9 from asthmatic sputum by
Gomes et al. (37). According to these authors, finding of
oxidized S100A9 in a human inflammatory condition supports
the notion of its oxidant scavenging capacity in vivo.

The most interesting differences observed between DS
subjects and controls concerned the levels of S100A7,
S100A8 and S100A12 proteins. Interestingly in a recent study,
Qin et al. (38) identified and characterized by proteomic ap-
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proaches the protein S100A7 in the CSF and brain of Alzhei-
mer’s disease. The authors demonstrated that S100A7 con-
tent was elevated in the cerebrospinal fluid (CSF) of AD
dementia cases compared with neurological control cases,
and these elevated S100A7 levels selectively identified AD
clinical severity, concluding that S100A7 could be an early
biomarker of AD. They also hypothesized that changes in
S100A7 levels in the CSF of AD patients may reflect the
oxidative stress changes, and thus they could be explored to
monitor oxidative stress changes associated to altered AB
metabolism in AD (39). In this study we found that salivary
concentration of S100A7 is significantly higher in Down syn-
drome subjects with respect to controls, but we did not ob-
serve a significant increase of the protein level with the age.

Conversely, the salivary concentration of S100A12, and in
particular the frequency of observation, significantly in-
creased in DS subjects with age. S100A12 is a potent che-
moattractant for monocytic cells (40), and it activates various
cell types by binding the receptor for advanced glycosylation
end products (RAGE), a multiigand member of the immuno-
globulin superfamily of cell surface molecules, inducing ex-
pression of adhesion molecules and pro-inflammatory cyto-
kines (41). It has been reported that the RAGE pathway is also
involved in amyloidosis (42), and increased RAGE expression
has been associated with the lesions of AD (43).

Similarly to S100A12, the frequency of S100A8 also in-
creased with age. The level of all the forms of short S100A9
did not change, and age only affected the relative quantity of
the oxidized and nonoxidized forms, resulting in the increased
relative amount of the latter.

This study was not able to characterize S100B, which is
related to neuropathology in brain regions, probably because
of levels in the salivary fluid being below the sensitivity of the
method applied (44).

Interestingly, in the present study we detected only the
variant D27 of S100A7. Previously, on whole saliva of new-
borns the isoform E27 was also detected, but in minor quan-
tities with respect to the D27 isoform (20). Protein sequence
polymorphisms arising from single nucleotide polymorphisms
has been also shown for other human salivary proteins, i.e.
P-C peptide (45), cystatins (23), and several bPRPs (46-48).
The top-down proteomic approach applied in this study offers
the advantage to contemporaneously control a great number
of peptide and proteins and characterize specific polymor-
phisms and unusual PTMs, which could be connected in
different ways to pathological conditions.

Even though it has been reported an impaired function of
neutrophils in DS subjects, our study showed the higher levels
of the antimicrobial a-defensins 1-3 with respect to controls.
A contribution to this result may derive from the reported
relationship between S100A7 and a-defensins. In fact, Zheng
et al. demonstrated that S100A7 enhances messenger RNA
expression of a-defensins 1-3 and induces their extracellular
release (49).

On the whole the results of the present investigation con-
firm that the use of saliva for diagnostic and prognostic pur-
poses is promising. The different concentration of several
salivary peptides recognized as important biomarkers of dif-
ferent pathologies and in particular of some complications of
DS confirms that saliva, a simply and not invasively collecta-
ble biofluid, may reflect systemic disorders. As the lifespan for
those with DS continues to increase, the ability to prevent or
delay the progression of neurodegenerative diseases will pro-
mote healthy aging and improve quality of life of DS subjects.
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