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SazZetak

Lakoca i jednostavnost te neinvazivan nacin kojim se slina skuplja od vecine ispi-
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tanika, mnoge je istrazivace upozorila na to da bi mogla, za dijagnosticko ispitiva-

nje, biti prikladnija od krvi. Moguénosti su predstavljene u znanstvenom radu pre-
zentiranom na Simpoziju oralne biologije, a nakon sastanka Medunarodne udruge
za dentalna istraZivanja u Nizozemskoj godine 1986. Daljnje analize u proteklom

Adresa za dopisivanje
Prof. David B. Ferguson
Visiting professor at AIMST University,

stoljecu nisu dale nista novoga s obzirom na zakljucke iz spomenutoga rada. Sa-  Kedah

da su, pak, nove, analiticke metode ponovno potaknule zanimanje znanstveni-
ka za dijagnosti¢ku primjenu uzoraka sline. Neke su metode bile predstavljene
na sastanku IADR-a godine 2004., a objavljene su sljede¢e godine u Advances in
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Dental Researchu. Tocnije, Akademija znanosti grada New Yorka tiskala je teksto-
ve sa simpozija u svojim Analima godine 2007. U toj su publikaciji opisani novi i

zanimljivi postupci u dijagnostickim metodama u kojima se rabi vrlo mala koli¢i-

na sline.
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Uvod

Lakoca i jednostavnost te neinvazivan nacin ko-
jim se slina skuplja od vecine ispitanika, mnoge je
istraZivace upozorila na to da bi mogla, za dijagno-
sti¢ko ispitivanje, biti prikladnija od krvi. Moguéno-
sti su predstavljene u znanstvenom radu prezentira-
nom na Simpoziju oralne biologije, a nakon sastanka
Medunarodne udruge za dentalna istraZivanja u Ni-
zozemskoj godine 1986. (1). Daljnje analize (primje-
rice, referencija 2.) u proteklom stoljecu nisu dale ni-
Sta novoga s obzirom na zakljucke iz spomenutoga
rada. Sada su, pak, nove, analiticke metode ponovno
potaknule zanimanje znanstvenika za dijagnosticku
primjenu uzoraka sline. Neke su metode bile pred-
stavljene na sastanku IADR-a godine 2004., a objav-
ljene su sljedece godine u Advances in Dental Re-
searchu (3). To¢nije, Akademija znanosti grada New
Yorka tiskala je tekstove sa simpozija u svojim Ana-
lima godine 2007. U toj su publikaciji opisani novi i
zanimljivi postupci u dijagnostickim metodama u ko-
jima se rabi vrlo mala kolicina sline (4).

Introduction

The ease by which saliva may be collected from
most subjects and the non-invasive nature of the col-
lection have suggested to many research workers that
it should provide a more suitable fluid than blood for
diagnostic tests. The possibilities were reviewed in a
paper given during the Oral Biology Symposium after
the meeting of the International Association for Den-
tal Research in Holland in 1986 (1). Subsequent re-
views (for example, reference 2) during the last centu-
ry added little to the conclusions of that paper. In this
twenty first century, however, new methods of analy-
sis have led to new possibilities and renewed interest
in the diagnostic applications of saliva samples. Some
of these were reviewed in a symposium at the IADR
meeting in 2004, published in Advances in Dental
Research the following year (3). Even more recently,
the New York Academy of Sciences hosted a sympo-
sium, published in their Annals in 2007. This publica-
tion describes new and exciting advances in diagnos-
tic methods using very small volumes of saliva (4).
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Slina kao dijagnosticka tekucina u doba
makroanalize

Opsirna istraZivanja korelacija salivarnih ion-
skih koncentracija ili koncentracija specifi¢nih
proteina s oralnim bolestima, nisu uspjela dokaza-
ti bilo kakvu korelaciju koja bi mogla imati prak-
ti¢nu primjenu. Cak i proucavanje sastava sline s
antibakterijskom ili antifungalnom djelatno$cu ni-
je pokazalo korelacije s boleséu. Becks i Wainwri-
ght dokazali su u svojem ranom radu koncentraci-
ju kalcija i fosfata u slini (5), odredene korelacije
izmedu tih iona i pojavnosti te osjetljivosti poje-
dinog organizma za zubni karijes, no preklapanje
dosega znacilo je da postoji vrlo mala moguénost
za predvidanje karijesa. lako se pokazalo da kon-
centracije IgA, laktoferina i peroksidaze variraju
s pojavnosc¢u zubnog karijesa (6), dosad ipak nisu
postale vazni parametri u procjeni prognoze bole-
sti. Koncentracije sekretornih IgA-e u slini vezane
su za pojavu karijesa, no prijeklop izmedu ispita-
nika bez karijesa i onih kod kojih je aktivan, ¢ini
taj test bezvrijednim (7). Dosljedno pojavljivanje
jednoga salivarnog proteina kod pacijenata obolje-
lih od Sjoegrenove bolesti (8, 9) pokazalo se ne-
dovoljno karakteristicnim i nije zamijenilo analize
serumskih antitijela u potvrdi dijagnoze. Doduse,
u recentnijim su radovima istrazivaci dosli do na-
izgled zanimljivih spoznaja: prepoznali su naku-
pine salivarnih proteinskih markera za oralni rak
(10). Moguce koristenje sline kao dijagnosticke te-
kucine za otkrivanje sustavnih bolesti donedavno
je imalo dva velika ograni¢enja. Prvo, slina se naj-
lakse skuplja ekspektoracijom, a tada je kontami-
nirana oralnim bakterijama koje dodaju ili unista-
vaju odredene sastavne dijelove sline. Drugo, slina
nije jednostavan ultrafiltrat plazme - proizvodi se u
sloju epitelnih stanica u acinusima Zlijezda, poseb-
nim mehanizmima prijenosa te se inicijalna sekre-
cija dalje modificira u duktusima. Pasivni tranfer
otopljenih tvari iz krvi ili izvanstani¢ne tekucine
ogranicen je svojstvima slojeva epitelnih stanica
acinusa i duktusa (11).

Prije mnogo godina otkriveno je kako je koncen-
tracija glukoze u slini odraz njezine koncentracije u
krvi, ali na dosta niZoj razini. Glukoza tesko prela-
zi epitelni sloj i metaboliziraju je stanice epitela, ta-
ko da su iznosi kona¢nih koncentracija u slini oko
jedan posto onih u plazmi (12). Iako je bilo poku-
Saja da se salivarna glukoza uporabi i za dijagnosti-
ciranje i kontroliranje dijabetesa melitusa, nije do-
voljno pouzdana da bi potpuno zamijenila mjerenje
koncentracija glukoze u plazmi.

Slina kao dijagnosticka tekucina

Saliva as a diagnostic fluid in an age of macro-
analysis

Extensive research on correlations of salivary
ion concentrations or specific protein concentra-
tions with oral disease have failed to demonstrate
any correlations with practical usefulness. Even
studies of components of saliva with antibacteri-
al or antifungal activity have not shown any corre-
lations with disease. The early work of Becks and
Wainwright on calcium and phosphate concen-
trations in saliva (5) showed some correlation of
these ions with the incidence of, and the suscepti-
bility to, dental caries but the overlap of the ranges
meant that measurements had little predictive val-
ue. Similarly, although concentrations of IgA, lac-
toferrin and peroxidase have each been shown to
vary with the incidence of dental caries (6), they
have so far proved of little value in assessing the
severity or the prognosis of the disease. Concentra-
tions of secretory IgA in saliva are related to caries
incidence but the overlap between caries free and
caries active subjects renders the test of little use in
prognosis (7). A salivary protein found consistent-
ly in patients with Sjogren’s disease (8,9) proved
insufficiently characteristic to compete with the
previous serum antibody analyses in confirming
a diagnosis. More recent work, however, which
is discussed further below, has identified a cluster
of salivary protein markers for oral cancer which
seem promising (10).

The possible use of saliva as a diagnostic fluid for
systemic diseases was until recently subject to two
major constraints. Firstly, the saliva most easily ob-
tained is that from expectoration and this is heavily
contaminated with oral bacteria which themselves
can add to or destroy some components of saliva.
Secondly, saliva is not a simple ultrafiltrate of plas-
ma: it is produced across an epithelial cell layer in
the acini of the glands by specific transport mecha-
nisms and the initial secretion is further modified in
the ducts. Passive transfer of solutes from blood or
extracellular fluid is limited by the properties of the
epithelial cell layers of acini and ducts (11).

It was found many years ago that salivary glu-
cose concentrations mirrored those in blood, but at a
very much lower level. Glucose crosses the epithe-
lial layer with difficulty and is itself metabolised by
epithelial cells so that the final concentrations in sa-
liva may be as little as 1% of those in plasma (12).
Although attempts have been made to use salivary
glucose as a means of diagnosing and controlling
diabetes mellitus, these have not proved sufficiently
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Ucinkovit prijenos odredenih iona kroz duktuse
Zlijezda slinovnica rezultira salivarnim koncentraci-
jama iona sli¢nim onima u krvi (13).

IzloZenost duhanskome dimu pracena je koncen-
tracija salivarnog tiocijanata (14).

Epitelne stanice zapreka su u kretanju tvarima
topivima u masti. Dakle, salivarne koncentracije ta-
kvih tvari blisko su vezane za njihove koncentraci-
je u krvi. Primjer su steroidni hormoni, ali se kod
njih mogu uociti i neke poteSkoce. Hormon poput
kortizola ili testosterona putuje krvotokom u dva-
ma oblicima - moZe biti vezan specifi¢cnim protein-
skim nosacem ili nevezan. Jedino njegov nevezani
oblik moZe prijeci u slinu. Buduéi da nevezani hor-
mon moZe poticati interakcije s receptorskim sta-
nicama, koncentracija sline odraZava koli¢inu ak-
tivnog hormona u plazmi. Ispitivanjem hormona iz
plazme dobiva se veca koncentracija, jer je ukljucen
i inaktivan oblik koji se transportira. Drugi steroid-
ni hormoni, poput estrogena, mogu opstati u sulfa-
tiranim i nesulfatiranim oblicima, a samo se nepo-
larni nesulfatirani oblik pojavljuje u slini. Osim tih
ogranicenja, slina se pokazala korisnim sredstvom u
procjeni nekih poremecaja steroidnih hormona (15,
16).

Opisana je i sli¢na uporaba sline u pracenju kon-
centracije lijekova u plazmi. Kao i kod steroidnih
hormona, liposolubilni lijekovi mogu prelaziti iz
Zljezdanoga epitela u izlucenu slinu. Dakle, mjere-
nje karbamazepina u slini moZe biti rutinska metoda
u mjerenju koncentracije lijekova u plazmi (17).

Slina kao dijagnosticka tekucina u doba mikro-
ili nano-analize

Posljednjih nekoliko godina razvoj kemijskih i
fizikalnih metoda omogucio je detekciju neznatnih
koli¢ina otopljenih tvari u slini i potaknuo nove mo-
guénosti uporabe u dijagnostici.

Dvodimenzionalna elektroforeza sline, prace-
na masenom spektrometrijom odvojenih sastavni-
ca, omogucila je kemijsku karakterizaciju bjelan-
¢evina 1 peptida u sekretu. Drugi klju¢ni ¢imbenik
u tom postupku jest razvoj golemih baza podataka
u kojima su katalogizirana fiziko-kemijska svojstva
bjelandevina i peptida, tako da se mogu prepozna-
ti molekule odvojene u analizi. Ti su novi pristu-
pi rezultirali identifikacijom viSe od tisucu bjelan-
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reliable to displace the measurement of plasma glu-
cose concentration.

Efficient transport of some ions across the ducts
of the salivary glands results in salivary concentra-
tions of these ions being parallel to those in blood
(13).

Salivary thiocyanate concentrations have been
used to monitor exposure to tobacco smoke (14).

Epithelial cells do not provide a barrier to the
movement of lipid soluble substances. The concentra-
tions of such substances in saliva are therefore close-
ly related to those in blood. Steroid hormones pro-
vide good examples of this but also illustrate some
of the difficulties. A hormone such as cortisol or tes-
tosterone travels in the bloodstream in two forms — it
may be bound by a specific carrier protein, or it may
travel in free solution. It is only the free hormone
which can pass into saliva. Since the free hormone is
that which can interact with receptor cells, the saliva
concentration reflects the amount of active hormone
in plasma. Assay of the hormone in plasma will give
a higher concentration because it will include the in-
active form which is being transported. Other steroid
hormones, such as the oestrogens, can exist in sul-
phated or non-sulphated forms and it is only the non-
polar non-sulphated form which will appear in saliva.
Despite these limitations, saliva has proved a useful
medium in the evaluation of some steroid hormone
disorders (15, 16).

A similar use of saliva in monitoring plasma
drug concentrations has been described. As with the
steroid hormones, drugs which are lipid-soluble are
able to cross the gland epithelium to reach the se-
creted saliva. Thus measurement of carbamazepine
in saliva can be used as a routine measure of plasma
drug concentrations (17).

Saliva as a diagnostic fluid in an age of micro- or
nano-analysis

In recent years the development of chemical and
physical methods for the detection of minute quan-
tities of solute in saliva have opened up new possi-
bilities for diagnostic uses.

Two-dimensional electrophoresis of saliva fol-
lowed by mass spectrometry of the separated com-
ponents has enabled the chemical characterisation of
proteins and peptides present in the secretion. The
other key factor in this process has been the devel-
opment of huge databases cataloguing the physico-
chemical properties of proteins and peptides so that
molecules separated in the analysis can be matched
and identified. These new approaches have resulted
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¢evina i peptida iz sline (18, 19, 20). Peptidni uzorci
ukljucuju i one koje izlucuju same Zlijezde, ali su
uglavnom derivirani iz stani¢nih membrana i struk-
tura sekretornih i duktalnih stanica. Trenutacno je
struénjacima izazov u spoznaji mogu li se peptidi
ili njihove kombinacije pridruZiti oralnim ili sustav-
nim bolestima. Dosad su objavljene dvije takve pri-
mjene. Streckfus (21, 22) je otkrio cERB-2, peptid
koji proizvode tumorske stanice egzokrinih Zlijez-
da, a bio je u slini pacijentice s rakom dojke. To,
dakle, omogucuje dijagnosticki “alat” za pacijenti-
ce koje imaju suspektan karcinom dojke. lako nije
ispitano, teoretski bi se moglo ocekivati da tumori
gusterace, ili Cak Zlijezda slinovnica, imaju sli¢nu
sekreciju cERB-2. Znaci, upitna je specifi¢nost to-
ga testa u izolaciji. Nekoliko je skupina znanstveni-
ka (10, 23, 24) objavilo da su odredene kombinacije
salivarnih peptida pridruZene karcinomima epitel-
nih stanica u ustima. Osobito je zanimljiv izvjestaj
Wonga i suradnika sa SveuciliSta UCLA o interleu-
kinu IL6 (24).

Jos je jedna tehnika vrlo vazna za razvoj mogu-
¢ih dijagnostickih testova — to je imunolosko odre-
divanje (immnoassay) - bilo da se radi o fluorescen-
tnim antitijelima ili radioloski ozna¢enim sondama.
Takve testove moZemo umanjiti do odredene velici-
ne tako da mogu detektirati i neznatne kolicine tva-
ri te se rabiti u minijaturnim uredajima koji ée biti
kasnije opisani.

Razvoj analiza DNK-a i RNK-a te metoda za
amplifikaciju njihove koli¢ine (poput PCR-a i lan-
¢ane reakcije polimeraze) omogucio je novu upora-
bu salivarne analize u dijagnosticiranju i prognozi-
ranju bolesti. Kada su obavljene s minijaturiziranim
metodama ispitivanja, mogu se identificirati bakte-
rije i virusi i u neznatnim uzorcima sline (25, 26).

Bez obzira na to koliko je sigurna odredena di-
jagnosticka metoda, njezina Siroka uporaba nije vje-
rojatna, osim ako su ukljuéene i tehnike koje se mo-
gu primijeniti u rutinskom bolni¢kom laboratoriju ili
kod bolesnikove postelje, ili ¢ak u stomatoloskoj or-
dinaciji. Razvoj tehnologije genskoga ¢ipa (micro-
array analiza) omogucio je analizu bakterijskih vrsta
u slini (26). Tako se sada moZe obaviti imunolosko
odredivanje na kvadratima akrilamida neznatne ve-
li¢ine koji se impregniraju reagensom nanesenim u
tockama, a obraduju ih posebni ¢itaci. U analizi sline
struénjaci su se koristili tehnikama slicnima onima s
DNK, uz moguénost kemijske amplifikacije signala i
eliminacije laZno pozitivnih rezultata. Senzori optic-
kih vlakana omogucuju ucitavanje signala u vrlo pre-
ciznim, malim podruc¢jima.

Slina kao dijagnosticka tekucina

in the identification of around one thousand proteins
and peptides in saliva (18, 19, 20). The peptide ma-
terials identified include those secreted by the glands
themselves but the great majority are derived from
the cell membranes and structures of the secreting
and ductal cells. The challenge now is to see whether
any peptides or combinations of peptides can be as-
sociated with oral or systemic disease. Thus far two
applications have been reported. Streckfus (21, 22)
found cERB-2, a peptide produced by cancer cells in
exocrine glands, was present in the saliva of patients
with mammary carcinoma. This, therefore, provides
a diagnostic tool for patients in whom mammary car-
cinoma is suspected. Although the question has not
been investigated, theoretically one would expect
pancreatic tumours, or even salivary gland tumours,
to give a similar secretion of cERB-2. The specificity
of the test in isolation may therefore be questioned.
Several groups (10, 23, 24) have reported that par-
ticular combinations of peptides in saliva are associ-
ated with epithelial cell carcinomas in the mouth. Of
particular interest was the report from Wong’s group
at UCLA in relation to the presence of the interleu-
kin, IL6 (24).

Another technique which has been of great im-
portance in developing possible diagnostic tests has
been that of immunoassay, either by radiolabelled
or by fluorescent antibody probes. These tests can
be scaled down to detect minute amounts of sub-
stances and used in the types of miniature devices
described later.

The development of DNA and RNA analyses and
methods for amplifying their amounts (such as the
polymerase chain reaction, PCR) have provided a fur-
ther way of using salivary analysis in diagnosis and
prognosis of disease., .Linked with miniaturised test-
ing methods, these provide ways of identifying bacte-
ria and viruses in minute samples of saliva (25, 26)

However good a diagnostic method may be, it is
unlikely to receive wide use unless the techniques
involved are capable of translation to the routine
hospital laboratory or even the bedside or chair-
side environment. The development of microarray
technology in which immunoassays can be carried
out on minute squares of acrylamide get impregnat-
ed with spots of reagent and then read with special
readers has allowed analysis of bacterial species in
saliva (26). Similar techniques with DNA and the
possibility of chemically amplifying the signal and
eliminating false positives have been used in saliva
analysis. Fibre-optic sensors enable the signals to be
read in precise small areas.



Ferguson

Zahvaljujuci znanju o ocekivanim sastavnicama
koje prelaze u slinu i onima koje bi mogle pokaza-
ti varijaciju u okolnostima specificne bolesti, mogu
se oblikovati dijagnosticke metode za klini¢ku pri-
mjenu. Dakle, spoznaja da specificne peptide moZe-
mo naci u veéim koncentracijama u slini pacijenata
oboljelih od bubreznih bolesti, omogudila je razvoj
jednostavnijeg testa na papirnatoj vrpci koja sluZzi za
praéenje pacijenata na dijalizi (28).

Slijedile su sloZenije metode pomoc¢u minijatu-
riziranih analitickih sustava koji se drZe u ruci, a u
njima je slina provedena sustavom duktusa putem
kapilarnih sila ili minijaturnih crpki, tako da se mo-
gu obaviti daljnje analize, a rezultiraju fluorescen-
tno obojenim reakcijama. Reakcije o€itavaju poseb-
ni ¢ita¢i. Uzorci se u sklopu tih mikrosustava mogu
Cak i zagrijati ili filtrirati (28-33). Ve¢ su dostupni u
tvorni¢kim kompletima kojima se odreduju koncen-
tracije bakterije Streptococcus mutans (GC Europe
N.V. Belgija), Helicobacter pylori (HMCAP Ente-
ric Products Inc., Stonybrook, NY, SAD), humani
imunosupresivni virus (HIV; Orgenics, Inverness
Medical Innovations, Yavne 70650, Izrael) i mno-
gobrojni steroidni hormoni (SalivaTesting, Harrison
Street, Sumas, WA98295, SAD).

Zakljucak

Jasno je da je istraZivanje sline dosegnulo tocku
u kojoj su moguce dijagnosticke koristi.

Saliva as a Diagnostic Fluid 81

With a knowledge of what components may be
expected to pass into saliva and those which might
show variation in specific disease conditions it be-
comes possible to design diagnostic methods of use
in the clinical situation. Thus the recognition that
specific peptides would be found in higher concen-
tration in the saliva of patients suffering from kid-
ney disease enabled the development of a simple
paper strip test to monitor patients receiving dialy-
sis on artificial kidney machines (28).

More complex analyses have become possible
using handheld miniaturised analysis systems in
which a drop of saliva is ducted along capillary tubes
either by capillarity or by miniature “pumps” so that
stages of analysis can be carried out and result in flu-
orescent or colour reactions. These can then be read
with special readers. Samples can even be heated
or filtered within these microsystems (28-32). Al-
ready there are available commercial kits allowing
estimation of streptococcus mutans concentrations
(GC Europe N.V. Belgium), helicobacter (HMCAP
Enteric Products Inc., Stonybrook, NY, USA), hu-
man immunosuppressive virus (HIV; Orgenics, In-
verness Medical Innovations, Yavne 70650, Israel),
and a number of steroid hormones (SalivaTesting,
Harrison Street, Sumas, WA98295, USA)

Conclusion

It is clear that salivary research has now final-
ly reached a point where diagnostic uses can be re-
alised.
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