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ABSTRACT

Human salivary proteins have been studied by electrophoresis in denaturing and non-denaturing
polyacrylamide gel electrophoresis (PAGE) as well as by isoelectric focusing (IEF) and two-dimensional
procedures, and the clinical applications of this have been reviewed. Whilst non-denaturing PAGE is useful
in studying polymorphisms, sodium dodecylsulphate PAGE appears to be otherwise preferable. Immobi-
lized pH gradients containing carrier ampholytes (CAs) give better resolution than CA-based IEF and
overcome the problems of cathode drift and loss of basic material. Proline-rich proteins stain poorly with
conventional procedures and special techniques are necessary. In clinical studies, findings must be viewed
over and above the large number of polymorphisms which occur normally. Studies relating salivary protein
and peptide profiles to dental caries susceptibility are encouraging. Specific protein abnormalities have
been associated with connective tissue disorders and could form the basis of new non-invasive diagnostic
procedures. Protein differences associated with cystic fibrosis and diabetes mellitus, however, merit rein-
vestigation with the new procedures now available. Detection of HIV antigens in saliva is a new area of
research. In the light of new techniques available and new information which has arisen from DNA studies,
future prospects for the clinical applications of electrophoresis of saliva look good.
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LIST OF ABBREVIATIONS

CA Carrier ampholyte

2D Two-dimensional

EGF Epidermal growth factor

GACELISA 1gG antibody capture enzyme-linked immunosorbent assay
IEF Isoelectric focusing

IPG Immobilised pH gradient

NGF Nerve growth factor

PAGE Polyacrylamide gel electrophoresis
SDS Sodium dodecylsulphate

1. INTRODUCTION

Human saliva is secreted by three pairs of major glands (parotid, submandib-
ular and sublingual) and numerous minor ones (labial, buccal, palatine and glos-
sopalatine). Whilst the parotid glands are the major contributors to stimulated
saliva, in the resting state much of the fluid present in the mouth is the viscous
submandibular/sublingual secretion, with the minor glands keeping the tissues
moist. Mixed or whole saliva (oral fluid) consists of the secretions of the major
and minor glands, together with gingival exudate (crevicular fluid) micro-orga-
nisms and cell debris.

The major proteins in human saliva are summarised in Table 1; in duct saliva
these consist of ~25% a-amylase and ~65% proline-rich proteins, with the
remaining ones comprising ~ 10%. The protein concentration normally ranges
from ~0.5 to 3.0 mg/ml and the solution is hypotonic as compared to serum,
with the ionic composition depending on the degree of stimulation. Most of the
proteins are synthesised within the salivary gland and are salivary gland-specific
(e.g. a-amylase, proline-rich proteins, histatins), but some, such as albumin, are
derived from serum [1,2].

Saliva is unusual in containing many proteins and polypeptides which are
salivary-specific and rich in certain amino acids. The major group of these is a
unique multigene family of proline-rich phosphoproteins of unusual amino acid
composition and because of which they stain poorly with conventional electro-
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TABLE 1
HUMAN SALIVARY PROTEINS OF GLANDULAR ORIGIN

Proline-rich proteins

Enzymes (a-amylase, kallikrein, lysozyme, lacteroperoxidase, etc.)
Lactoferrin

Histatins

Cystatins

Statherin

Immunoglobulins (IgA, IgG, IgM, etc.)
Secretory component

Albumin

Blood group substances

Mucins

Sulphated glycoproteins

Transcalciferin

Polypeptide hormones (EGF, NGF, etc.)
etc.

phoretic staining procedures. They are divided into three groups, acidic. basic
and glycosylated, and their genes have been cloned [3]. They are a highly complex
polymorphic set of proteins and include six acidic ones [4], nine non-glycosylated
basic ones [5,6] and a major basic glycosylated one [7]. Their functions are still
uncertain but are thought to include calcium binding, inhibition of hydroxyapa-
tite precipitation, binding of dietary tannins and binding of micro-organisms to
enamel surfaces with which they are coated.

Another group includes twelve related histidine-rich polypeptides known as
“histatins™ [8,9] which have antifungal properties [10] and may constitute a non-
immune defence system. A related polypeptide derived from a common ancestral
sequence is statherin [11], a tyrosine-rich acidic peptide which also inhibits calci-
um phosphate precipitation from saliva and may be important in limiting dental
caries [12]. A further family of unusual proteins is the cystatins which are thought
to have an antiviral function [13].

Other antimicrobial proteins in saliva include the immunoglobulin sIgA, lyso-
zyme, lactoperoxidase and lactoferrin; a-amylase may also have an antibacterial
role [14], and some mucins cause bacterial aggregation [7].

Salivary secretion is under the control of the autonomic nervous system and
flow can be stimulated by sialogogues such as citric acid or by mechanical action
such as chewing. Parasympathetic impulses evoke most of the fluid secreted and
cause varying degrees of exocytosis whilst the sympathetic system modulates
salivary composition but causes little mobilisation of fluid [15].

The main function of saliva is the maintenance of the health of the oral tissues,
with xerostomia giving rise to rampant dental caries, increased infections, glossi-
tis, epithelial dryness and other soft tissue disorders. But some components have
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roles elsewhere in the body, for example epidermal growth factor (EGF) may be
important in maintaining the integrity of the gastric mucosa, and proline-rich
proteins may have a protective effect against the anti-digestive and potentially
carcinogenic affect of dietary tannins [16]. Whilst a range of pathological dis-
orders have oral manifestations [17], only few are currently known to modulate
salivary protein composition. These include connective tissue disorders, cystic
fibrosis and diabetes mellitus. In addition, antibodies to disease-specific antigens
(e.g. HIV) may also be present. However, progress has been restricted until very
recently by the limited methodology available for electrophoretic analysis of sali-
va. Introduction of the use of immobilised pH gradients (IPGs) for isoelectric
focusing (IEF), immunoblotting and modifed staining procedures have resulted
in substantial improvements in the resolution of salivary proteins which should
lead to considerable developments in the future.

2. ELECTROPHORETIC ANALYSIS OF SALIVA

Whilst attempts have been made to study the proteins in saliva by electropho-
retic procedures for many years, only fairly recently has useful information begun
to be obtained. This is partially attributable to the low protein and high salt
content of the saliva with the consequent need for sample preparation by dialysis
and lyophilisation, and partially to the fact that the major group of proteins
present, the proline-rich proteins, was difficult to detect by the staining proce-
dures used and was therefore largely unnoticed. Recent developments such as
new and modified staining procedures, together with techniques giving improved
resolution, have opened up a new era in salivary protein electrophoresis.

2.1. Electrophoresis in denaturing and non-denaturing gels

The introduction of disc electrophoresis in non-denaturing conditions in
polyacrylamide gels enabled considerable strides to be made in the study of sali-
vary proteins and up to twenty or more components were resolved. In order to
obtain optimum information about the full range of proteins present, however,
both anionic and cationic gels were necessary [18-21]; staining was with Coomas-
sie Blue. However, whilst the technique offers the advantage of separating species
of similar molecular mass but differing charge, no procedure provides informa-
tion about the complete spectrum of proteins present, and the pHs used frequent-
ly result in some loss of material by denaturation. Accordingly, with the excep-
tion of studies on polymorphic species (Section 3.1.), the procedure has largely
been superceded by electrophoresis in denaturing conditions, in particular sodi-
um dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE) [22].

SDS-PAGE has been widely used in the study of salivary proteins in the last
decade. The technique has been used to study whole saliva [23-26] but rather
variable results were obtained, presumably on account of the heterogeneous na-
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ture of the fluid studied, the variable contributions of different gland secretions
and the effects of bacteria. SDS-PAGE of parotid saliva has revealed more con-
sistent results and has indicated individual-to-individual variations [27,28] as well
as showing differences between parotid and palatine secretions [29,30]. When
stained with Coomassie Blue R-250, whilst a-amylase, histatins, etc. stain blue, in
the case of proline-rich proteins a metachromatic effect occurs and pink-violet
bands are formed. This was first reported in 1978 [31] and the proteins involved
were subsequently shown to be the proline-rich ones [32,33]. The effect was found
to be specific for Coomassie Blue R-250, with proline-rich proteins staining poor-
ly, if at all, with G-250; for metachromasia to occur, the destaining solution must
be free from organic solvents [29]. A similar effect is observed with collagens [34].
Accordingly, proline-rich proteins can now easily be distinguished from other
proteins on SDS-PAGE gels.

Silver staining procedures have led to substantial improvements in the sensitiv-
ity of detection of proteins [35] and glycoproteins are stained a characteristic
yellow by this technique [36]. Proline-rich proteins, however, especially the acidic
ones, are difficult to stain by this procedure [37] probably because they are poor in
the basic and sulphur-containing amino acids thought to be responsible for the
binding of silver ions [38,39]. However, the problem can be overcome by use of a
modification of a more recent procedure [40] which results in the proteins which
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Fig. 1. SDS-PAGE of human parotid saliva from eight different individuals (1-8) on a 12.5% gel. The
protein load was 75 ug and staining was with Coomassie Blue R-250. The bands indicated by arrows
stained pink-violet and are proline-rich proteins; all other components stained blue.
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stain pink—violet with Coomassie Blue R-250 staining yellow-brown while those
which stained blue being stained brown-black [41]. Interestingly contaminant
bands reported on silver-stained SDS-PAGE gels of a variety of samples have
been attributed to contamination by components of skin, serum and saliva [42].

Optimum results for SDS-PAGE of parotid saliva are obtained using 12.5%
gels followed by Coomassie Blue R-250 staining (Fig. 1). Improved resolution of
the lower-molecular-mass components can be achieved by means of a 5-20%
linear gradient gel [43]. Two major blue staining components (corresponding to
a-amylase), ten or more pink—violet staining proline-rich proteins and some low-
molecular-mass and minor blue staining components are evident; most of these
components have been characterised [41]. Additional minor components are re-
vealed on silver staining. There is substantial individual-to-individual variation
but the patterns produced are characteristic for each individual and appear to be
independent of time of collection, flow-rate, etc. However, it should be noted that
because of the unusual amino acid composition of many salivary proteins, their
migration rates in SDS-PAGE are atypical and the procedure cannot be used to
determine their molecular masses.

2.2. Isoelectric focusing

Early attempts at IEF of salivary proteins in carrier ampholytes (CAs) in-
volved the use of polyacrylamide gel rods and Lissamine green staining [44]; up to
2030 well defined bands could be observed with parotid saliva and the technique
gave better resolution than hitherto achieved with other electrophoretic proce-
dures. Subsequently the technique was improved by the use of flat-bed gels and
Coomassie Blue G-250 staining [45] and a procedure was developed which gave
considerably greater resolution and sensitivity than previously achieved [46]; 30—
40 bands were observed with whole saliva but the patterns produced from differ-
ent individuals were very similar.

However, because of the low protein and high salt content of saliva, desalting
and lyophilisation were necessary prior to analysis. This is time-consuming and
necessitates large sample volumes (~ 1-2 ml) which are frequently not available
in pathological disorders associated with impaired salivary gland function. These
difficulties were partially overcome by the use of silver staining for whole [47] and
palatine saliva [48], with immunoblotting being used for the further study of the
proteins separated [49].

The most recent development, however, involves the separation of salivary
proteins in hybrid CA-IPG polyacrylamide gels followed by either silver or Coo-
massic Blue G-250 (which was preferable to R-250) staining [50]. (A colloidal
suspention of the G-250 stain in trichloroacetic acid is particularly convenient
because destaining can usually be achieved in an hour [51].) Use of IPGs over-
comes the problems of cathode drift and distortion by electrolytes which are
associated with CA-IEF. They also enable gradients to be tailor-made to facil-
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Fig. 2. IEF of parotid saliva from six different individuals (a—f) on a pH 4-9 IPG. The protein load was 25
ug per sample and the gel was silver-stained [50].

itate optimum resolution of the proteins of interest. Using this system, it is also
possible to study proteins of p/> 8, including the basic proline-rich proteins; with
CA gradients this is not possible because they are lost from the end of the gel.
However, use of IPGs sometimes gives rise to streaking and sample precipitation
at the application site, but addition of carrier ampholytes to the IPGs to form a
hybrid CA-IPG system [52,53] overcomes this difficulty. Formation of droplets of
fluid on the gel surface can be prevented by inclusion of 20% glycerol in the
rehydration solution [54] and band resolution improved still further by the addi-
tion of 8 M urea. Fig. 2 shows the results obtained on analysis of parotid saliva
from six different individuals in the CA-IPG system. Resolution was considerably
better than with CA systems alone and showed few major but several minor
individual-to-individual variations. Whilst these differences were somewhat
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greater than with CA-IEF [46], the substantial individual-to-individual differ-
ences in proline-rich protein patterns as revealed by SDS-PAGE (Fig. 1) were not
evident. This probably results from failure of the proline-rich proteins to stain
with either the silver or Coomassie Blue (G-250 or R-250) procedures in the
presence of CAs and/or IPGs, because two-dimensional (2D) analysis with IPGs
in the first dimension (Section 2.3) confirms that proline-rich proteins of p/ <4 to
pl >8 are well separated in the CA-IPG system.

2.3. Two-dimensional electrophoretic analysis

2D Electrophoresis of human saliva has been reported by several authors.
Whole saliva was first studied by a system involving CA-IEF in the first dimen-
sion and 10-20% gradient SDS-PAGE in the second. Staining was with Coomas-
sie Blue R-250. Only a-amylase, immunoglobulins, albumin and a few minor
components were detected [55]). However, if an organic solvent had been omitted
from the destain procedure (Section 2.1) then proline-rich proteins might also
have been observed. Subsequently, silver staining has been used for the detection
of proteins in whole saliva after 2D analysis in either a modified O’Farrell system
[56] which involved IEF in the first dimension and either SDS-PAGE or non-
denaturing PAGE in the second, and more than 250 components were found [57].
However, because of the complexity of whole saliva, these would have predom-
inantly been either bacterial proteins or bacterial degradation products of duct
saliva, and the stain used was unlikely to have revealed the proline-rich proteins.

Using IEF in the first dimension and non-denaturing PAGE in the second,
followed by silver staining and immunoblotting, maps have been constructed
showing the location of proteins in submandibular/sublingual [58] and parotid
[59] salivas on 2D electrophoretic analysis. The main components observed were
x-amylase, albumin and immunoglobulins. Proline-rich proteins were not stained
by this procedure either and the p/f values reported for the immunoglobulins are
higher than those observed elswhere [60]. In addition to the staining limitations of
all of these methods, any 2D system based on CA-IEF in the first dimension will
lead to loss of basic components including proline-rich proteins.

A 2D electrophoretic system for the analysis of salivary proteins involving
IPGs in the first dimension and 3-15% linear gradient SDS-PAGE in the second
followed by silver staining (Section 2.1) has now been developed. By means of a
combination of staining for proline-rich proteins and immunoblotting, all of the
major antigens in parotid saliva have been identified [61]. Excellent resolution
was obtained and typical results are shown in Fig. 3. Proline-rich proteins of p/
~4 to >8 (i.e. both basic and acidic) ar well resolved, together with a-amylase
and the other major proteins present. Because of genetic polymorphisms, the
patterns produced vary from individual to individual but usually some 70-80 or
more components are observed.
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Fig. 3. 2D analysis of parotid saliva from a rheumatoid arthritis patient using a pH 4-9 IPG in the first
dimension and a 3-15% linear gradient SDS-PAGE in the second. The protein load was 100 ug and the gel
was silver-stained. The components indicated by arrows stain black and are characteristic of rheumatoid
arthritis and secondary Sjogren’s syndrome.

2.4. Other methods of electrophoretic analysis

Whilst analytical electrophoresis of saliva in small-bore tubes seems attractive
as an alternative procedure for salivary analysis in the clinical laboratory because
of the small sample volumes required and the rapid separation produced, the
complexity of the patterns produced on isotachophoresis and the problems of
identification of the components present have limited further development [62].
However, with the recent upsurge of interest in capillary electrophoretic proce-
dures and the development of instrumentation [63], this technology may offer
considerable potential for salivary analysis in the future.

3. CLINICAL APPLICATIONS

Electrophoretic analysis of saliva as an aid to clinical diagnosis is attractive as
it offers a simple rapid non-invasive method for the short- and long-term mon-
itoring of pathological disorders and drug therapy, as well as being a research
tool. Unfortunately, until recently, progress has been limited by the methodology
available. Furthermore, the fluid collected must be clearly defined, and because of
circadian variations in salivary composition and flow-rate, the time of collection
must be specified, as well as the type of stimulation used.
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A further problem arises on account of the complexity of the polymorphisms
which occur in salivary proteins and the problem of interpreting clinical vari-
ations over and above these. Nevertheless, provided one is aware of these limita-
tions, useful information can be still be obtained.

3.1. Polymorphisms

Although salivary polymorphisms may superficially appear to restrict the clin-
ical usefulness of electrophoresis of saliva, they have also been shown to be of
clinical value. Whilst a detailed account of these polymorphisms has been pub-
lished elsewhere [64], a general understanding of their nature is an essential base
to current knowledge and future research into the clinical relevance of salivary
analysis. Indeed, as well as being of diagnostic use, different phenotypes could
well be associated with differences in susceptibility to oral and systemic disease.

3.1.1. a-Amylase

The isozymes of human salivary amylase have been characterised by PAGE
[65] and IEF [66-68]. Whilst the phenotypic variants and their frequencies depend
on the populations studied, analysis of familial data is indicative of the inher-
itance of autosomal co-dominant alleles. Because the products of the salivary
amylase (Amyl) gene (S-type) are distinct from those of the pancreatic (Amy2)
gene (P-type), electrophoretic separation of amylase isozymes in serum is used to
assess salivary and pancreatic function in disorders affecting these glands such as
mumps [69], pancreatitis [70-72], cystic fibrosis [73,74], diabetes mellitus [75-77]
and hyperamylasaemia [78,79]; an automated routine procedure has now been
developed [80]. Whilst differential assay of serum amylase activity involving in-
hibition of salivary amylase either by an inhibitor of wheat origin [81] or mono-
clonal antibody [79] gives similar results to electrophoresis and densitometric
scanning in some conditions, it is less efficient in the investigation of cystic fibrosis
[74] and fails to detect macroamylasaemia; accordingly, electrophoretic proce-
dures provide the best method of analysis of pancreatic and salivary amylase
isozymes [71,72,79].

3.1.2. Proline-rich proteins

PAGE and IEF have revealed the complexity of the products of the salivary
gland genes coding for proline-rich proteins. Whilst early studies on these poly-
morphisms suggested that some thirteen linked loci coded for them, recent studies
at DNA level have shown that there are only six, with two PRH genes coding for
the acidic proline-rich proteins and four PRB genes for the basic and glycolyslat-
ed ones. These are arranged as a cluster on chromosome 12 at band p13.2 in the
order 5-PRB2-PRB1-PRB4-PRH2-PRB3-PRH1-3' spanning a distance of ~700
kbp (kilo base pairs). The three acidic polymorphisms Db, Pa and PIF are coded
for by three alleles at the locus PRH1, and the two acidic ones PRHI/PRH2 and
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Pr at the second locus, PRH2. The basic polymorphisms PmF, PmS and Pe are
encoded by PRBI1, Ps by PRB2 and Po by PRB4, whilst the major glycosylated
proline-rich protein G1 is assigned to PRB3 and CON1/CON2 to PRB4 [82-86].
Differential RNA splicing and post-translational modification generate multiple
products from a single gene. The complexity of the situation continues to increase
with new polymorphisms continuing to be reported; these include acidic products
As, At and Au of PRH1 [87,88], basic variants Pc and Pmo1/2 and new variants
of Ps [89-91]. In addition, the occurrence and frequency of various polymor-
phisms may depend on the ethnic origin of the population studied. Accordingly,
research into the clinical use of electrophoretic analysis of proline-rich proteins
must be assessed in the light of the genetic situation which pertains. Despite this,
their electrophoretic analysis has been reported as a procedure for paternity test-
ing [92].

3.1.3. Histatins and cystatins

Histatins represent yet another complex family of salivary-specific proteins,
the genes for which are located on chromosome 4 at band q13; three histatin
mRNAs are expressed [8,9,93]. Cystatins too appear to be a genetically related
complex family of proteins [94].

3.2. Dental caries

Dental caries is perhaps the most widespread disease in the human population,
and although dietary fermentable carbohydrate is the major causative factor,
there is considerable individual-to-individual variation in susceptibility to the
disorder. Salivary protein polymorphisms could be responsible for these differ-
ences. Any procedure which would identify high-risk individuals would be of
considerable clinical importance.

Initial studies using PAGE indicated that there were higher levels of anodal
proteins, predominantly amylase, and lower levels of cathodal proteins in caries-
susceptible individuals as compared with caries-resistant ones [20]. However, the
experiments involved pooled saliva samples from the two groups, and differences
arising from polymorphisms were not taken into account. A subsequent compari-
son of the acidic proline-rich protein polymorphisms Pr, Pa and Db from caries-
resistant and caries-susceptible adults showed no significant differences between
the two groups although a familial nature of caries resistance was indicated
[23,95]. But in a more detailed study involving a larger population of children, a
positive correlation between Pa and Pr phenotypes and caries was observed [96].
Comparison of a group of anionic proteins (pI 4.70-5.05, MW 14 000-17 000)
from whole saliva of caries-free and caries-active individuals showed that whilst
the proteins from the two groups were electrophoretically and immunologically
similar, they differed in their biological activities towards oral streptococci [97].
Some of these proteins may correspond to the low-molecular mass peptides pres-
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ent in whole saliva which are derived by bacterial cleavage of acidic proline-rich
proteins and which retain their biological activities [98]. Although attention has
been directed towards the role of acidic proline-rich proteins in the adhesion oral
micro-organisms to apatite surfaces [99,100], electrophoretic analysis followed by
immunoblotting indicated that the main proteins in in vivo pellicle are in fact
o-amylase, cystatins, mucin and sIgA [101]. Clearly, electrophoretic studies of
salivary proteins and their relationship to caries susceptibility is becoming a very
active and hopefully fruitful area of research.

3.3. Connective tissue disorders

Autoimmune connective tissue disorders affect salivary gland function in addi-
tion to their more generally recognised features. Sjégren’s syndrome is character-
ised by the triad of symptoms keratoconjunctivitis sicca, xerostomia and a con-
nective tissue order, usually rheumatoid arthritis (a glycosylation disorder [102])
but which may also be systemic lupus erythematosus, osteoarthritis, progressive
sclerosis or mixed connective tissue disease. The classic lesion of the disorder is
lymphocyte infiltration of the salivary, lachrymal and other exocrine glands.
Analysis of saliva from rheumatoid arthritis and Sjégren’s syndrome patients has
revealed the presence of additional acidic proteins by electrophoresis [103-105]
and IEF [106]. Using CA-IEF in polyacrylamide gel slabs, parotid saliva from 33
patients with rheumatoid arthritis but without clinical evidence of salivary gland

Fig. 4. IEF of parotid saliva in CAs in a pH 3-8 gradient. Odd-numbered samples were from rheumatoid
arthritis patients and the even from normal healthy controls; subjects 8 and 10, however, had a familial
history of rheumatoid arthritis. The sample loads were ~0.5 mg of protein and the gels were stained with
Coomassie Blue G-250. (The gel shows where discs were excised for immunodiffusion studies [107}.)
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involvement was shown to contain muitiple abnormal proteins of p/ 3.954.25
(Fig. 4) whereas only 2 out of 16 normal individuals exhibited a similar feature
[107]. In addition saliva from rheumatoid arthritis patients has been shown to
contain rheumatoid factors of all the major immunoglobulin classes but of re-
stricted heterogeneity and unusually low p/ [107,108]; a similar feature has been
reported for rheumatoid factor from serum [109]. Subsequently it has been
claimed that the abnormal proteins revealed on IEF may correspond to sialated
tissue kallikreins [110]. However, the experiments involved immunoblotting of
poorly resolved proteins of pI <4.0 with antikallikrein antisera on a one-dimen-
sional IEF gel; as kallikrein has a p/ range of 3.754.25, it was not possible to
determine whether the proteins involved were in fact kallikrein or other compo-
nents of similar p/. Extensive studies on SDS-PAGE of parotid saliva from con-
nective tissue disorder patients have, however, revealed no abnormalities other
than perhaps an increased intensity of lactoferrin (the levels of which are elevated
in Sjégren’s syndrome [111]) nor was there any association with any proline-rich
protein band frequencies [112]. A probable explanation is that the abnormal
proteins of interest co-migrate with major proteins and are therefore masked. The
suggestion that salivary protein differences are evident on SDS-PAGE [113] may
arise from the problem of differentiating these from polymorphisms.

On IEF in CA systems, the proteins associated with connective tissue disorders
tend to precipitate out at their pf values thereby making further study impossible.
Using IEF in IPGs, however (Section 2.3), substantially improved resolution can
be obtained and this is optimised by use of a pH 3.5-5.0 gradient (Fig. 5) {50]. By
means of a 2D system involving IPGs in the first dimension and SDS-PAGE in
the second, the proteins can be separated from acidic proline-rich proteins and
appear as a heterogeneous group of molecular mass ~ 32 000 (Fig. 3). Whilst
being present in all individuals, their levels in healthy controls are normally very
low but are occasionally slightly elevated. In rheumatoid arthritis and secondary
Sjogren’s syndrome, however, their level is substantially raised in most subjecis
[61}. This new procedure appears to offer the possibility of becoming an addition-
al technique which could aid substantially in the diagnosis of oral and connective
tissue disorders.

3.4. Cystic fibrosis

Cystic fibrosis, the most common lethal genetic defect among caucasians, is an
epithelial exocrinopathy characterised by alterations in ion transport and mucous
secretion. It is an autosomal recessive disease and the gene involved is located on
the long arm of chromosome 7 between bands q21 and q22. Although the gene
responsible has now been isolated [114-116], the physiological functions of the
proteins encoded have yet to be established. The organs affected include the
lungs, sweat glands, pancreas and salivary glands. Histologically, precipitated
secretions are evident in the submandibular, sublingual, buccal and labial glands,
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Fig. 5. IEF of human parotid saliva using a pH 3.5-5.0 IPG rehydrated with 8 M urea in 20% glycerol and
0.5% pH 3.5-5.0 Ampholine. Tracks v, x and z were loaded with 100 ug salivary proteins from healthy
individuals, while track w was from a Sjégren’s syndrome patient and track y a rheumatoid arthritis
patient. The gel was silver-stained [50].

but the parotid (a pure serous gland) is histologically normal [117-119]. However,
at a functional level, all the salivary glands may well be involved [120].

Although impaired pancreatic function in cystic fibrosis leads to reduced amy-
lase production, salivary production may be elevated [121] and serum levels may
be also be increased [73,74]; some of the isozymes have increased electrophoretic
mobility [122].

The proteins in parotid saliva from cystic fibrosis patients were first studied by
PAGE and additional components were reported [123]. A more detailed study
involving IEF and 2D analysis with SDS-PAGE in the second dimension showed
that the most prominent differences were the presence of two components of p/
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8.0 and 5.8 of molecular mass ~ 10 000 in cystic fibrosis subjects as compared
with controls. Further quantitative differences were apparent on silver staining;
these included components of pZ 5.8-8.0 and molecular mass 7600--10 000 [124].
However, the number of individuals studied was not stated, nor were the prob-
lems arising from polymorphisms considered. More recently, a salivary acid gly-
coprotein which binds cobalamin (R binder) has been shown to have an increased
plI (from 3.78 to 4.3) and reduced heterogeneity in cystic fibrosis [125] but kallik-
rein, which may be involved in the control of sodium secretion, was electropho-
retically identical to controls [126]. No structural differences were found between
the neutral and sialic acid-containing oligosaccharide units of low-molecular-
mass submandibular/sublingual mucin [127]. It would therefore appear that with
the improved electrophoretic techniques now available and in the light of rapid
advances in the last two years in the understanding of the genetic lesion involved,
further electrophoretic studies on cystic fibrosis saliva are now merited.

3.5. Diabetes mellitus

Oral manifestations of diabetes mellitus include increased prevalence and se-
verity of periodontal disease and variations in salivary flow-rate and composition
[120], the nature of which may depend on the extent and state of autonomic
neuropathy associated with the disorder [128,129]. The antimicrobial defence
capacity of saliva, however, does not appear to be impaired [130].

Electrophoretic analysis of serum amylase isozymes has shown that, in many
cases, the hyperamylasaemia associated with diabetic ketoacidosis is salivary in
origin [75,76] and pancreatic function is decreased [131]; this technique could also
be of value when investigating diabetic serum macroamylase [77]. PAGE of pa-
rotid saliva indicated the presence of increased levels of proteins with the same
mobility as y-globulins in diabetics as compared with controls [132] and increased
immunoglobulin levels have been reported subsequently [130]. However, the tech-
nique involved polyacrylamide gel rods and Buffalo Black staining. Accordingly
it lacked sensitivity and again the problems of polymorphisms were not consid-
ered. Thus, with diabetes mellitus too, electrophoretic analysis of saliva using
techniques recently developed is much needed.

3.6. Human immunodeficiency virus

Saliva has recently gained attention as a fluid for detection of HIV antibodies.
The saliva of HIV-positive individuals has been shown to only rarely contain
infectious HIV particles, but always contains immunoglobulins directed against
viral proteins. The presence of IgG antibody to HIV in saliva has been proven to
be an accurate and convenient method of HIV antibody testing using a
GACELISA system, as this method is based on the proportion of IgG antibody
in saliva rather than actual concentrations. Using this system, IgG antibody has
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Fig. 6. Western blot patterns of antibodies to HIV antigens. Lane 1 is a positive serum control, lanes 2-6
are saliva samples from different individuals and lane 7 is a non-reactive saliva sample control {136].

been detected in all components of saliva, including the secretions of major
glands, minor glands and crevicular fluid [133]. Using Western blots, antibodies
to most HIV antigens probed for were detected in whole and parotid saliva from
a high percentage of HIV-seropositive individuals studied (Fig. 6) [134-136]. Col-
lection of whole saliva by the “‘Salivette” system has proven to be a most conve-
nient method of anonymous testing for epidemiological purposes [137].

3.7. Other clinical applications

At present, other clinical applications of the electrophoresis of saliva are limit-
ed. An area where information would be very valuable is in the diagnosis of
salivary and other tumours. Unfortunately, a comparison of the proteins in pa-
rotid saliva from parotid tumour patients as compared with controls revealed no
differences which might be relevant for clinical diagnosis [138]. Interestingly
though, it has recently been shown that different carcinoembryonic antigens are
expressed by submandibular glands, a finding which might be useful in future
studies of tumour markers [139].

4. CONCLUSIONS AND PERSPECTIVES

The clinical applications of electrophoretic analysis of saliva have been limited
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by the methodology available and the lack of understanding of the nature of the
polymorphisms present among the proteins. Detection methods have also been
poor. With the development of new analytical procedures, especially the use of
IPGs in 2D analysis, and immunoblotting, together with the new level of under-
standing of the nature of polymorphisms which has come from DNA studies,
future prospects now look good.
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