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ABSTRACT

Histatins are a group of histidine-rich antimicrobial proteins present
in human salivary secretions. Previous studies have shown that histatins
play an important role in the maintenance of enamel integrity and defense
against oral bacteria and fungal pathogens in the oral cavity. Because
histatins differ in their ability to inhibit blastopore viability and germ tube
formation, it is important to be able to quantitatively determine individual
histatin concentrations. Such determinations would be essential for
understanding and comparing the antibacterial activities of the saliva in
healthy and diseased persons, and in finding a relation between individual
histatin concentration and function.

The present study is focused on determination of the physiological
concentration of the major histatins 1, 3, and S in glandular secretions and
whole saliva in order to evaluate the relationship of individual histatin
concentrations to their functional capacity in the oral cavity. Human parotid
and submandibular/sublingual secretions were collected from 19 healthy
donors in the presence and absence of gustatory stimulation. Whole saliva
was collected from the same group of donors with masticatory stimulation.
A cationic polyacrylamide gel electrophoresis system (cationic PAGE) was

used in combination with scanning densitometry to measure the
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concentrations of histatin 1, histatin 3, and histatin 5. In addition, total
histatin concentrations were measured by an indirect enzyme-linked
immuno-sorbent assay (ELISA) using both affinity purified rabbit and goat
anti-histatin 1 antibody preparations. In parotid secretion, the results
showed that the concentration of histatin 1 ranged from 1.30-9.49 mg%, the
concentration of histatin 3 ranged from 0.56-12.0 mg%, and the
concentration of histatin S5 ranged from 0.87-21.8 mg%. In
submandibular/sublingual secretions, the corresponding concentration
ranges were 0.91-16.1 mg% for histatin 1, 0.20-13.88 mg% for histatin 3,
and 0.31-17.8 mg% for histatin 5. The histatin concentration in stimulated
whole saliva ranged from 0.84-2.73 mg% for histatin 1, 0.26-2.25 mg% for
histatin 3, and 0.21-4.33 mg% for histatin 5. These values tended to be
lower than the concentration of histatins in parotid and
submandibular/sublingual secretions.

Total histatin concentrations estimated by ELISA with antibodies
against histatin 1 were lower than the sum of histatin 1, 3, and 5
determined from densitometric analysis. This discrepancy was shown to
depend in part on differences in the avidity of the histatin 1 antibody for
histatin 3 and 5 and presumably on partial masking of epitopes on histatin
molecules due to complexing with other salivary proteins. ELISA

measurements of total histatins in glandular secretions were statistically

iii



higher under stimulated conditions than under unstimulated conditions.
The total histatin in stimulated submandibular/sublingual secretion was
greater than that in stimulated parotid secretion. In addition, inter-
individual variations of salivary histatin concentrations of healthy subjects
were relatively broad. It is significant that the mean concentration of
histatins in glandular secretions as well as in some samples of whole saliva
determined either densitometrically or by ELISA were equal to, or greater

than, histatin concentrations required to elicit antimicrobial action in vitro.
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INTRODUCTION

Saliva is a complex biological fluid derived in large part from parotid
and submandibular/sublingual gland secretions, with minor contributions
from minor salivary glands and gingival crevicular fluid. Saliva is known to
exhibit a multipotential antibacterial role through a variety of mechanisms,
many of which involve salivary proteins. The first level of defense against
microorganisms is purely mechanical provided by a continuous salivary flow
along with saliva-induced bacterial agglutination. A specific, sophisticated
second level of defense is the immune system and its components. In the
oral environment the major immunoglobulin is secretory immunoglobulin A
(sIlgA). However, there are small amounts of IgG, IgD, IgM, and IgE that enter
the oral cavity in gingival crevicular fluid [Mandel et al., 1979]. A third level
of defense involves a number of host derived antimicrobial proteins that
form the so-called “non-immune oral host defense system.” One of these
proteins is lysozyme, an enzyme capable of killing many gram-positive
bacteria by cell wall lysis [Pollock et al.,, 1979]. Another protein is

lactoperoxidase, an enzyme which converts thiocyanate into

hypothiocyanate ion (OSCN) which can oxidize sulfhydryl groups in
bacterial proteins resulting in inhibition of respiration [Thomas and Aune,

1978]. Yet another protein is lactoferrin, an iron binding protein that



sequesters ferric ion which is an essential nutrient for growth of oral
microorganisms [Masson and Heremans, 1966].

Human parotid and submandibular secretions contain at least 40
electrophoretically distinct proteins, and most of these have been isolated
and characterized [Minaguchi and Bennick, 1989; Lamkin and Oppenheim,
1993; Scannapieco, 1994]. Histatins have been shown to comprise a family
of proteins present in salivary secretions of both humans and subhuman
primates [Xu et al., 1990; Xu and Oppenheim, 1993|. Histatins are small
proteins found in both parotid and submandibular secretions [Oppenheim
et al., 1986, 1988; Troxler et al., 1990]. Electrophoretic analysis of parotid
secretion in a cationic PAGE system revealed that histatins separate into
three major protein pairs representing histatin 1 and 2, histatin 3 and 4,
and histatin 5 and 6 [Oppenheim et al., 1988|. In addition, a number of
more cathodically migrating bands in the cationic PAGE system correspond
to histatins 7-12 [Troxler et al., 1990]. Histatin 1, histatin 3, and histatin 5
are the major histatins representing approximately 70-80% of the histatin
family, and primary sequence data has shown that histatin 1, histatin 3,
and histatin S contain 38, 32, and 24 amino acid residues, respectively
[Oppenheim et al.,, 1988]. The molecular weight of histatin 1, 3, and 5 are
4,929, 4,063, and 3,037, respectively. Each of the major histatins contains

seven histidine residues, and histatin 1 contains 1 mol of phosphate/mol of



protein due to a phosphorylated serine at residue 2. Histatin 1 and histatin
3 are derived from different structural genes, while histatin S is a proteolytic
product of histatin 3 [Oppenheim et al., 1988; Xu and Oppenheim, 1993;
Sabatini et al., 1993]. Histatin genes have been localized to human
chromosome 4q12 [vanderSpek et al., 1989]. The gene for histatin 1 is called
HIS1 and the gene for histatin 3 is called HIS2. These genes are separated
by approximately 13 kb [Sabatini et al.,, 1989]. HIS1 spans 8.5 kb and
contains 6 exons and S introns, exons 2-5 of HIS2 span 5.5 kb and HISI
and HIS2 exhibit 89% nucleotide sequence homology. The overall gene
structure of HISI and STATH [the gene for statherin) is nearly identical and
it is interesting that the nucleotide sequence of these genes is 77-81%
identical for introns and 80-88% identical in the exon encoding the 5’
untranslated region [Sabatini et al., 1993]. This provides strong evidence
that these genes resulted from a duplication event in an extant progenitor
gene.

Histatins, proline-rich proteins [PRPs), cystatins, and statherin have
all been implicated as precursors of the proteinaceous film covering tooth
surfaces called “acquired enamel pellicle” because they have a high affinity
for hydroxyapatite [Hay, 1973; Hay et al., 1979]. These proteins have also

been shown to inhibit primary and secondary calcium phosphate



precipitation suggesting a role in maintenance of enamel surfaces [Gron and
Hay 1978; Hay 1987; Oppenheim et al., 1988].

However, histatins play an additional biological role in the nonimmune
defense system by exhibiting antimicrobial properties. These include
agglutination of the periodontal pathogen, Porphyromonas gingivalis
[Murakami et al., 1990], inhibition of a protease secreted by P. gingivalis
[Nishikata et al., 1991] and bactericidal and bacteriostatic effects against
several strains of the mutans group of Streptococci [McKay et al., 1984; Xu
and Oppenheim 1990]. The concentration of the major histatins in salivary
secretions appears to be well in the range of the LDso for the bacteriocidal
effects of histatins on all these microorganisms. Histatin 5, the smallest of
the major histatins, is most effective, and histatin 1, the largest of the major
histatins, is least effective as an antimicrobial agent. Histatins also exhibit
antifungal effects which have been studied specifically with respect to the
pathogenic yeast, Candida albicans [Pollock et al., 1984; Oppenheim et al.,
1986, 1988; Xu et al.,, 1991]. It is interesting to note that the presumed
concentrations of histatins in salivary secretions are also within the range of
LDso and IDso values for the anticandidal properties of histatins.

Because histatins differ in their ability to inhibit blastopore viability
and germ tube formation, it is important to be able to determine

quantitatively individual histatin concentrations. Such determinations



would be essential for understanding and comparing the antibacterial
activities of the saliva in healthy and diseased persons and in
understanding the relationship between individual histatin concentrations
and their biological function.

The concentration of histatins has been investigated in several clinical
studies on AIDS patients. Histatins were measured immunologically
[Atkinson et al., 1990] by rocket electrophoresis [Mandel et al., 1992] and by
capillary electrophoresis [Lal et al.,, 1992a]. Contradictory results were
obtained from these studies regarding the histatin concentrations in control
subjects and in HIV positive individuals. A possible explanation for these
discrepancies could be that different analytical tools were used to measure
histatins, pointing to the need for development of an accurate and reliable
procedure for measuring the concentration of histatins in oral fluids.

The purpose of this investigation was to determine quantitatively the
physiological concentrations of both total and individual histatins in human
glandular secretions and in whole saliva under both stimulated and
unstimulated conditions. This has been accomplished by the development of
both a densitometric procedure and an immunological assay (ELISA) for
histatin quantification in order to gain a better understanding of the rate of
histatin production in response to a given stimulus as well as the survival

and clearance of histatins from the oral cavity.



LITERATURE REVIEW

SALIVA
Composition and function

Saliva has manifold functions in protecting the integrity of the oral
mucosa: it participates in clearing the oral cavity of food residues, debris
and bacteria; it acts as a buffer because it contains bicarbonate and
phosphate ions which modulate the deleterious effects of organic acids and
bases produced by oral bacteria; it provides calcium and phosphate ions
needed for remineralization of enamel surfaces; and due to the presence of
certain salivary proteins, it has antibacterial, antifungal, and antiviral
capacity.

Saliva is a complex biological fluid that probably plays the most
important role for maintaining the integrity of the oral cavity [Mandel, 1986;
Grahn et al., 1988]. Whole saliva is a mixed oral fluid derived primarily from
secretions of the major salivary glands (parotid and
submandibular/sublingual) and to a lesser extent from the minor salivary
glands. In addition, whole saliva contains a number of constituents of non-
salivary origin including gingival crevicular fluid, bacteria, bacterial
products, blood cells such as polymorphonuclear leucocytes, serum,

desquamated epithelial cells and cellular components, viruses and fungi,



food debris, and expectorated bronchial secretions. Saliva is composed of
99% water with the remaining one percent consisting for the most part of
proteins, lipids, and small organic molecules such as glucose and urea as
well as electrolytes, the most abundant of which are sodium, calcium,
chloride, and phosphates. Most of the organic molecules are produced by
the acinar cells, some are synthesized in ductal cells, and some enter the
oral cavity via gingival crevicular fluid and serum. The major proteins of the
salivary glands are produced by acinar cells, and many of these are
members of protein families. Each family has a number of distinct but
closely related members that display genetic polymorphisms. These families
include the PRPs with at least 13 different members, the histatins
(histidine-rich proteins) with at least 12 different members, the salivary
cystatins (cysteine-containing proteins) with at least 3 different members,
and the statherins (tyrosine-rich proteins) with at least 2 different members.
In addition, saliva contains mucins of high (MG1) and low molecular weight
(MG2), glycosylated and non-glycosylated forms of amylase, and several
salivary peroxidases. Salivary proteins not present as families are epidermal
growth factor, lysozyme, lactoferrin, and albumin. The function of some of
these proteins has been relatively well-characterized although the function
of others in the oral cavity remains to be elucidated. The majority of salivary

proteins are the secretory products of one or more of three different pairs of


































































































































































































































































































































































