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‘Using MS and expression 
microarray profiling, we have 
recently discovered a set of 

promising salivary targets that have 
diagnostic potential for pSS’.

Primary Sjögren’s Syndrome (pSS) is character-
ized by lymphoid infiltrates, mainly in the lac-
rimal and salivary glands, and impaired secretory
function of these moisture producing glands.
Clinically, pSS occurs predominantly in peri-
menopausal and postmenopausal women.
Owing to the nonspecificity and multiple facets
of its symptoms, initial pSS diagnosis has been
difficult. The refined criteria for diagnosis have
facilitated the diagnosis of the established pSS,
which often occurs years after the disease initia-
tion [1]. In addition, the pathogenesis of pSS is
very complex and still largely unknown. Further-
more, pSS can be associated with many other
autoimmune diseases, and patients with pSS have
a 20–40-fold higher risk of developing malignant
lymphoma [2]. Currently treatment of pSS
remains to be empiric and symptom-based [3]. It
is therefore of pivotal importance to develop
biomarkers for pSS, not only for prediction or
early detection in order to prevent delay in diag-
nosis, but also for information that may help to
elucidate the mechanisms of the disease, and
provide possible molecular targets or rationale to
optimize therapeutic treatment.

Human saliva is a mixed secretion from three
pairs of major salivary glands (parotid, sub-
mandibular and sublingual) and multiple minor
salivary glands lying beneath the oral mucosa. It
is an attractive medium for disease diagnostics
because saliva testing is simple, noninvasive and
safe, especially under circumstances where it is
difficult to obtain blood samples. Saliva harbors
a wide spectrum of analytes, such as proteins,
mRNAs, DNAs and metabolites, that may be
informative for diagnosis of human diseases. To
date, over 1000 distinct proteins in human
whole saliva (WS) and 1100 proteins from
parotid and submandibular/sublingual (SM/SL)

secretions have been identified [4–8]. A central
database has been established to centralize iden-
tified saliva proteins for public access [101].
Meanwhile, by using high-density oligonucle-
otide microarrays, we have performed global
profiling of mRNA in human WS, leading to the
identification of more than 3000 human
mRNAs in cell-free saliva [9]. These studies have
laid the scientific foundation for human disease
biomarker discovery in saliva [10]. We have also
previously demonstrated proteome- and
genome-wide approaches to harnessing saliva
protein and mRNA signatures for human oral
cancer detection [11,12]. 

‘ … saliva harbors informative protein 
and mRNA molecules that can 

discriminate pSS patients from control 
subjects.’

The logical vision that in pSS patients, sig-
nature biomarkers from the affected salivary
parenchymal cells as well as the infiltrated lym-
phocytes will be shed into the lumen and
secreted with saliva, combined with the inherent
advantages of saliva testing and the urgent need
of biomarkers for pSS, has triggered the studies
on globally searching for saliva biomarkers of
pSS. Indeed, saliva harbors informative protein
and mRNA molecules that can discriminate pSS
patients from control subjects. By using surface-
enhanced laser desorption/ionization time-of-
flight mass spectrometry (SELDI-TOF-MS) and
two-dimensional difference gel electrophoresis
(2D-DIGE), Ryu et al. profiled proteins in
parotid saliva from pSS and control subjects.
The SELDI-MS analysis revealed five proteins
(11.8, 12.0, 14.3, 80.6 and 83.7 kDa) at
increased levels and three proteins (17.3, 25.4,
and 35.4 kDa) at decreased levels in SS samples.
2D-DIGE also identified significant increases of
β-2-microglobulin, lactoferrin, immunoglobu-
lin (Ig) κ light chain, polymeric Ig receptor, lys-
ozyme C and cystatin C in all stages of SS. The
study suggested that the salivary proteomic pro-
file of SS is a mixture of increased inflammatory
proteins and decreased acinar proteins when
compared with non-SS saliva [13].  
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Using MS and expression microarray profil-
ing, we have recently discovered a set of promis-
ing salivary targets that have diagnostic potential
for pSS [14]. Comparative saliva proteomics indi-
cated that 16 proteins were downregulated and
25 proteins were upregulated in patients with
pSS as compared with matched controls. These
proteins reflected the damage of glandular cells
and inflammation of the oral cavity system in
pSS. In addition, 16 peptides (10 upregulated
and 6 downregulated in pSS) were found at sig-
nificantly differential levels (p < 0.05) in WS
between pSS and control groups. Using high-
throughput expression microarray technology,
we have identified 162 genes that are more than
twofold (p < 0.01) and 27 that are more than
threefold (p < 0.0005) upregulated in pSS saliva.
Gene ontological analysis showed that these
upregulated genes fall into the categories of
autoimmune response, apoptosis and JAK-STAT
cascades known to be involved in pSS pathogene-
sis. One of the interesting findings is that many
upregulated genes in pSS are associated with acti-
vated interferon pathways. Many of the autoim-
mune mechanisms occurred in pSS can be
induced by type I IFN indicating its important
role in the pathogenesis of pSS [15]. These results
support the rationale that saliva constituents
reflect the underlying pathogenesis in the affected
glands. We have further validated the differen-
tially expressed salivary genes and proteins using
real-time quantitative PCR (RT-qPCR) and
immunoblotting, respectively. Our study also
clearly suggested that WS contains more inform-
ative proteins, peptides and mRNAs than gland-
specific saliva towards generating candidate
biomarkers for pSS detection.

‘ … WS contains more informative 
proteins, peptides and mRNAs than 

gland-specific saliva towards generating 
candidate biomarkers for pSS detection.’

Although promising targets have been discov-
ered by means of salivary proteomics and tran-
scriptomics, it is still a long journey before they
can be used for clinical testing. 

First and foremost, the clinical utility of these
potential biomarkers requires further validation,
preferably with different validation platforms
and independent patient cohorts. Approval of
use of a marker or set of markers for a specific
disease relies on the results of large-scale multi-
centric clinical trials [16,17]. The eventual use of
these biomarkers in clinical settings also requires

novel diagnostic devices, for example, point of
care microfluidics-based diagnostic chips, for
simple and high-throughput measurement of
these biomarkers in patients’ saliva [18,19]. In
addition, the specificity of the discovered
biomarkers needs to be further demonstrated.

‘Other autoimmune disorders may 
complicate the clinical use of salivary 

biomarkers for pSS diagnosis … ’

 Other autoimmune disorders may complicate
the clinical use of salivary biomarkers for pSS
diagnosis, since patients with SS are often con-
nected with other autoimmune diseases. For
example, proteasomes are markers of cell damage
and immunologic activity and have been used to
distinguish pSS from various other rheumatic
diseases, such as rheumatoid arthritis (RA) and
systematic lupus erythematosus (SLE) [20].
Whether such cell damage and immune activity
indicators are also informative in saliva remains
to be demonstrated. In addition to the healthy
control population, an autoimmune disease
control group such as RA or SLE should be
included in the study design to ensure the most
discriminatory biomarkers will be attained for
pSS detection. 

For biomarker discovery, saliva proteomics will
likely play a significant role in identifying promis-
ing targets in saliva from SS patients for the disease
detection. The exquisite accuracy and sensitivity of
MS measurements and sequencing capability by
tandem MS ideally position the central role of
MS-based proteomics in disease biomarker discov-
ery. Specific autoantibodies (e.g., anti-Ro/SS-A
and anti-La/SS-B) present in saliva may also be
promising targets for disease detection [21] and the
use of protein arrays for autoantibody profiling
may also become a promising approach to the dis-
covery of additional protein biomarkers for pSS.

Saliva biomarkers may also be useful for mon-
itoring severity or progression of salivary gland
dysfunction, or response to treatments. Since SS
is a slowly progressive autoimmune disease,
saliva analysis represents a promising approach
to monitor the disease progression considering
simple collection and processing of saliva sam-
ples. Comparative analysis of saliva proteomes
and transcriptomes from patients with pSS, sec-
ondary SS and progressed malignant lymphoma
may reveal distinct biomarkers for early detec-
tion of lymphoma within the patient popula-
tion. Previous studies have indicated that the
levels of certain salivary proteins in breast cancer
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and oral lichen planus patients significantly
changed during and after chemotherapy [22,23].
Similar studies can also be performed to monitor
the SS patients’ response to various treatments
such as the interferon-based therapy. Salivary
proteomics and genomics may be developed for
evaluating the efficacy and toxicity of therapeutic
treatments or classifying disease population for
molecular targeted therapy.

Financial & competing interests disclosure
This work was supported by the PHS Grant RO1-DE17593
(David T Wong). The authors have no other relevant affili-
ations or financial involvement with any organization or
entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript
apart from those disclosed.

This study was approved by UCLA Institutional Review
Board.

Bibliography
1. Kassan SS, Moutsopoulos HM: Clinical 

manifestations and early diagnosis of 
Sjögren syndrome. Arch. Intern. Med. 
164(12), 1275–1284 (2004). 

2. Fox PC: Autoimmune diseases and Sjogren’s 
syndrome: an autoimmune exocrinopathy. 
Ann. NY Acad. Sci. 1098, 15–21 (2007). 

3. Mavragani CP, Moutsopoulos NM, 
Moutsopoulos HM: The management of 
Sjogren’s syndrome. Nat. Clin. Pract. 
Rheumatol. 2(5), 252–261 (2006).

4. Hu S, Xie Y, Ramachandran P et al.: Large-
scale identification of proteins in human 
salivary proteome by liquid 
chromatography/mass spectrometry and 
two-dimensional gel electrophoresis-mass 
spectrometry. Proteomics 5, 1714–1728 
(2005).

5. Hu S, Li Y, Wang JY et al.: Human saliva 
proteome and transcriptome. J. Dent. Res. 
85, 1129–1133 (2006).

6. Hu S, Loo J, Wong DT: Human saliva 
proteome analysis. Ann. NY Acad. Sci. 1098, 
323–329 (2007).

7. Xie H, Rhodus N, Griffin RJ, Carlis JV, 
Griffin TJ: A catalogue of human saliva 
proteins identified by free flow 
electrophoresis-based peptide separation and 
tandem mass spectrometry. Mol. Cell. 
Proteomics 4, 1826–1830 (2005).

8. Guo T, Rudnick PA, Wang W, Lee CS, 
DeVoe DL, Balgley BM: Characterization of 
the human salivary proteome by capillary 
isoelectric focusing/nanoreversed-phase 
liquid chromatography coupled with ESI-
tandem MS. J. Proteome Res. 5, 1469–1478 
(2006).

9. Li Y, Zhou X, St John M, Wong DT: RNA 
profiling of cell-free saliva using microarray 
technology. J. Dent. Res. 83, 199–203 
(2004).

10. Hu S, Loo J, Wong DT: Human saliva 
proteome analysis and disease biomarker 
discovery. Expert Rev. Proteomics 4, 531–538 
(2007).

11. Li Y, St John M, Zhou X et al.: Salivary 
transcriptome diagnostics for oral cancer 
detection. Clin. Cancer Res. 10, 8442–8450 
(2004).

12. Hu S, Yu T, Xie Y et al.: Discovery of oral 
fluid biomarkers for human oral cancer by 
mass spectrometry. Cancer Genomics 
Proteomics 4, 55–64 (2007).

13. Ryu OH, Atkinson JC, Hoehn GT, 
Illei GG, Hart TC: Identification of parotid 
salivary biomarkers in Sjogren’s syndrome by 
surface-enhanced laser 
desorption/ionization time-of-flight mass 
spectrometry and two-dimensional 
difference gel electrophoresis. Rheumatology 
(Oxford) 45, 1077–1086 (2006).

14. Hu S, Wang J, Meijer J et al.: Salivary 
proteomic and genomic biomarkers for 
primary Sjögren’s Syndrome. Arthritis 
Rheum. (2007) (In Press).

15. Nordmark G, Alm GV, Ronnblom L: 
Mechanisms of disease: primary Sjogren’s 
syndrome and the type I interferon system. 
Nat. Clin. Pract. Rheumatol. 2, 262–269 
(2006).

16. Pepe MS, Etzioni R, Feng Z et al.: Phases of 
biomarker development for early detection 
of cancer. J. Natl Cancer Inst. 93, 
1054–1061 (2001).

17. Henson DE, Srivastava S, Kramer BS: 
Molecular and genetic targets in early 
detection. Curr. Opin. Oncol. 11, 419–425 
(1999).

18. Wong DT: Salivary diagnostics powered by 
nanotechnologies, proteomics and 
genomics. J. Am. Dent. Assoc. 137, 313–321 
(2006)

19. Li Y, Denny P, Ho CM et al.: The oral fluid 
MEMS/NEMS chip (OFMNC): diagnostic 
and translational applications. Adv. Dent. 
Res. 18, 3–5 (2005).

20. Egerer T, Martinez-Gamboa L, Dankof A 
et al.: Tissue-specific up-regulation of the 
proteasome subunit beta5i (LMP7) in 
Sjogren’s syndrome. Arthritis Rheum. 54, 
1501–1508 (2006).

21. Ben-Chetrit E, Fischel R, Rubinow A: 
Anti-SSA/Ro and anti-SSB/La antibodies in 
serum and saliva of patients with Sjogren’s 
syndrome. Clin. Rheumatol. 12, 471–474 
(1993).

22. Bigler LR, Streckfus CF, Copeland L et al.: 
The potential use of saliva to detect 
recurrence of disease in women with breast 
carcinoma. J. Oral Pathol. Med. 31, 
421–431 (2002).

23. Rhodus NL, Cheng B, Bowles W, Myers S, 
Miller L, Ondrey F: Proinflammatory 
cytokine levels in saliva before and after 
treatment of (erosive) oral lichen planus 
with dexamethasone. Oral Dis. 12, 112–116 
(2006).

Website
101. UCLA Human Salivary Proteome Project

www.hspp.ucla.edu

Affiliations
• Jianghua Wang

School of Dentistry & Dental Research Institue, 
73–032 Center for Health Sciences, 
10833 Le Conte Avenue, Los Angeles, 
CA 90095–1668, USA
Tel.: +1 310 206 1138;
Fax: +1 310 825 7609;
jhuawang@ucla.edu

• Shen Hu
School of Dentistry & Dental Research Institue, 
63–070 Center for Health Sciences, 
10833 Le Conte Avenue, Los Angeles, 
CA 90095–1668, USA
Tel.: +1 310 206 8834;
Fax: +1 310 825 7609;
shu@dentistry.ucla.edu

• David T Wong
School of Dentistry & Dental Research Institue, 
UCLA 73–017 Center for Health Sciences, 
10833 Le Conte Avenue, Los Angeles, 
CA 90095–1668, USA
Tel.: +1 310 206 3048;
Fax: +2 310 825 7609;
dtww@ucla.edu



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice




