
Vol. 49, No. 3INFECTION AND IMMUNITY, Sept. 1985, p. 469-475
0019-9567/85/090469-07$02.00/0
Copyright © 1985, American Society for Microbiology

Relationships between Levels of Lysozyme, Lactoferrin,
Salivary Peroxidase, and Secretory Immunoglobulin A in

Stimulated Parotid Saliva
JOEL D. RUDNEY1* AND QUENTON T. SMITH2

Cariology Program' and Department of Oral Biology2, School of Dentistry, University of Minnesota Health Sciences
Center, Minneapolis, Minnesota 55455

Received 27 December 1984/Accepted 30 May 1985

Recent studies suggest that salivary lysozyme (Lz), lactoferrin (Lf), peroxidase (Spx), and secretory
immunoglobulin A (sIgA) may interact in a common antimicrobial system. A multiple protein approach
therefore may be needed to determine the role of this system in oral health and ecology. In the present study
we investigate the relationships between levels of Lz, Lf, Spx, and sIgA (adjusted for flow rate and total protein)
in stimulated parotid saliva from 44 dental students. Principal components analysis was used to determine
major patterns of intercorrelation between variables; cluster analysis was used to identify groups of subjects
with similar salivary profiles for Lz, Lf, Spx, and sIgA. Spx tended to vary independently of Lz and Lf, which,
in turn, tended to vary together. sIgA showed a weak negative relationship with Spx and a weak positive
relationship with Lz and Lf. Six major clusters of subjects with similar antimicrobial protein profiles were
found. These were significantly different at P < 0.0001. Spx was the most important determinant of cluster
membership followed (in order of importance) by Lz, Lf, and sIgA. Cluster profiles were Spx-, sIgA,u, Lf,
Lz-; Spx-, sIgA+, LfJL, Lz+; Spx,u, sIgA,L, Lf,L, Lz;; Spx+, sIgA-, LF, Lz-; Spx+, sIgApu, Lf+, Lz-; and
Spx+, sIgA,I, Lf+, Lz+ (-, IL, and + refer to the position of the cluster mean for each variable relative to the
overall mean for that variable). Results suggest that clusters may be a product of independent variation in the
secretory activity of acinar and intercalated duct cells.

Saliva contains a variety of proteins which show antimi-
crobial activity in vitro. The best characterized are lysozyme
(Lz), lactoferrin (Lf), salivary peroxidase (Spx), and secre-
tory immunoglobulin A (sIgA) (18). The antimicrobial effects
of these proteins have been defined primarily by experiments
with oral bacteria (notably Streptococcus mutans and Strep-
tococcus sanguis) in buffer systems. The nature of effects
seen varies with experimental conditions. Thus, under ap-
propriate circumstances, Lz functions enzymatically as a
muramidase (13). However, as a cationic protein, Lz has
also been shown to mediate bacterial aggregation (15) and
adherence (L. M. Tellefson and G. R. Germaine, J. Dent.
Res. 63:188, 1983), to disrupt cell membranes (in association
with inorganic ions) (27), and to activate bacterial autolytic
enzymes (15). Lf can induce bacteriostasis by sequestering
free iron (32), and it also displays an independent bacteri-
cidal effect (4). Spx, in the presence of H202 and SCN-, can
reversibly inhibit bacterial enzyme and transport systems by
oxidation of protein sulfhydryl groups (with extended incu-
bation this effect can be made irreversible) (35, 36). Finally,
sIgA can specifically aggregate microorganisms and can
prevent their adherence to oral tissues (it may also function
as an opsonin for oral leukocytes) (1; S. Goldstine, A. Tsai,
C. Kemp, M. Hanan, and M. Fanger, J. Dent. Res. 6:247,
1983).

It is generally assumed that salivary Lz, Lf, Spx, and sIgA
play a role in the maintenance of oral health and the
regulation of oral ecology (18). However, clinical studies
attempting to demonstrate such effects in vivo have yielded
inconclusive results (18). A possible reason may be that most
clinical studies investigate only one protein at a time. Even
studies incorporating multiple proteins have generally con-
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sidered each in isolation (3, 9). The problem with such an
approach is that subjects with identical salivary levels of a
given antimicrobial protein may be quite different with
regard to other antimicrobial proteins, and those other
proteins may affect the protein of interest in a variety of
ways. Recent research shows substantial synergistic and
antagonistic interaction among salivary antimicrobial pro-
teins in vitro. Lf and nonspecific sIgA both have been shown
to enhance the bacteriostatic activity of salivary peroxidase
(34). On the other hand, specific sIgA has been shown to
block the independent bactericidal effect of lactoferrin (8).
However, specific sIgA may also enhance the bacteriostatic
(iron-binding) effect of Lf (28, 32). Interactions between Lz
and Spx, and Lz and sIgA have also been hypothesized, but
have not yet been demonstrated (11, 27).

Little is known of interaction among Lz, Lf, Spx, and
sIgA in vivo, but it is reasonable to presume that it occurs.
The in vitro evidence suggests that interactive effects may
vary with concentrations of the proteins involved; and
salivary concentrations of Lz, Lf, Spx, and sIgA show
considerable variation between persons (5, 7, 30, 33). It is
therefore likely that patterns of interaction will also vary
between individuals. Under such circumstances, attempts to
relate quantitative variation in salivary concentrations of Lz,
Lf, Spx, and sIgA to differences in oral health or ecology
may require a multiple protein approach. Development of
such an approach will require answers to two general ques-
tions. First, do salivary antimicrobial proteins vary indepen-
dently of one another, or are they correlated? Complete
independence would imply a unique pattern of interaction
for every person, while complete correlation would suggest
some mechanism of common control. Second, is it possible
to define groups of persons who share similar salivary
profiles of antimicrobial protein concentrations? Group
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members would presumably show similar patterns of inter-
action which would differ from group to group. The present
paper addresses these questions within the context of a pilot
study of Lz, Lf, Spx, and sIgA concentrations in stimulated
parotid saliva samples from a dental student population.
Multivariate statistical methods were used to describe rela-
tionships between salivary antimicrobial protein levels. Prin-
cipal components analysis (26) was used to describe and
interpret specific patterns of intercorrelation between Lz,
Lf, Spx, and sIgA. Cluster analysis (21) was then used to
identify subjects with similar values for these proteins.
Results are discussed in terms of potential applications for
hypothesis generation and testing.

MATERIALS AND METHODS

Saliva collection. The subject population consisted of 44
first-year dental students. Subjects were selected solely on
the basis of their willingness to give informed consent and
were prescreened only to the extent of deferring collection
from persons observed to be chewing gum or eating. Samples
were taken on Tuesdays between 10:00 a.m. and 12:30 p.m.
from October through December 1983. Teflon Curby cups
(19) with attached Biomedic tubing calibrated in four, 0.5-ml
increments were used to obtain stimulated parotid saliva.
Cups were placed over the papilla of the Stenson duct on the
right side of the subjects' mouths. Pep-o-mint Lifesavers
(Lifesavers Inc., New York, N.Y.) were administered as a
salivary stimulus. Timing was initiated when 1 ml of saliva
had accumulated in the tubing and continued until the first
milliliter of saliva had drained into a marked test tube. At that
point, timing ended, and the first milliliter of saliva was
discarded. The collector was then removed, and the contents
of the tubing were drained into a second test tube to yield a
sample of approximately 2 ml, which was sealed and stored
on ice. A maximum of eight saliva samples was obtained
during any collection period.

Quantitation of salivary proteins. Actual volumes of saliva
samples were measured to permit accurate calculation of
flow rate. Assays for Lz, Lf, and sIgA were performed on
the day of collection; Spx and total salivary protein were
quantitated on the following day (samples were stored at 6°C
at all times when not in use). Lysozyme was assayed by a
modification of the lysoplate method (25). Plates were pre-
pared from a mixture of 0.144% dried Micrococcus
lysodeikticus cells (Sigma Chemical Co., St. Louis, Mo.) and
1% agarose in 0.066 M phosphate-buffered saline (pH 6.5).
Standards were prepared from human milk Lz (Sigma) in
concentrations from 0.25 to 2.0 ,ug/ml; 1% bovine serum
albumin (Sigma) was added to all standards (25). A. 1.0-ml
portion of each sample was acidified by the method of
Papadopoulos et al. (24) to dissociate Lz bound to salivary
mucins. Phosphate-buffered saline was then added to give a
fivefold final dilution of acidified samples. Wells of 4-mm
diameter were punched in the agarose-M. lysodeikticus gels,
and 15 ,ul of standard or sample was added to each. Plates
were incubated in a moist container for 18 h at 37°C. The
zone of lysis diameters were then determined under condi-
tions of dark-field illumination.
Lf was quantitated by rocket immunoelectrophoresis by

the methods of Tabak et al. (33). The concentration of rabbit
anti-human Lf (Calbiochem-Behring, San Diego, Calif.) in
agarose gels was 1.67 ,ul/ml. Human colostral Lf (Sigma) in
concentrations of 0.5 to 4.0 mg/100 ml was used as the
standard. sIgA was determined by single radial immunodif-
fusion (17) with commercial LC Partigen IgA plates

(Calbiochem-Behring). The standard was human colostral
11S IgA (Cappel Laboratories, Malvern, Pa.) in concentra-
tions of 5 to 20 mg/100 ml. Salivary peroxidase was assayed
spectrophotometrically with 2',2'-azino-di-(3-ethylbenzthia-
zoline sulfonic acid) (Sigma) as a substrate (29). Change in
optical density at 412 nm was determined for the first minute
after the addition of H202 to the incubation mixture. Bovine
lactoperoxidase (Sigma), at concentrations of 0.5 to 25.0
,ug/ml, was used as the standard. Total salivary protein was
quantitated by the method of Lowry et al. (16) with a bovine
serum albumin standard in concentrations of 50 to 300 ,ug/ml
(saliva samples were diluted 10-fold).
Data analysis. Sample concentrations of Lz, Lf, Spx,

sIgA, and total protein were obtained by linear regression
against standard curves. Distributions of scores were sub-
stantially skewed, as is often the case with salivary data (30).
Skewness violates assumptions of statistical methods based
on the normal distribution, and it may lead to misleading
results when such methods are used (31). To remove skew-
ness in the present data, concentrations were re-expressed
as base 10 logs (31). Further adjustment was needed to
remove variation in the data attributable to flow rate and
total protein. Those variables tend to be highly correlated
with concentrations of salivary proteins (19). In the present
study, such correlation might obscure important relation-
ships between the variables of interest. Data were adjusted
for flow rate and total protein by a multiple regression
approach (31). Log concentrations were first regressed
against log flow rate and log total protein. Predicted values
for log concentration were then subtracted from observed
values to obtain residuals for Lz, Lf, Spx, and sIgA. The
residuals represent a measure of the variation in salivary
antimicrobial protein concentration that remains if the flow
rate and total protein concentrations are held constant
across all persons (31). Analysis of relationships between
salivary antimicrobial protein levels was carried out in two
stages. In the first stage, second-order partial correlation
coefficients controlling for flow rate and total protein were
calculated among Lz, Lf, Spx, and sIgA (these are equiva-
lent to simple correlations between the residuals for those
variables) (31). Principal components analysis was then used
to identify major patterns of intercorrelation within the
partial correlation matrix (26). For the second stage of the
analysis, residuals for Lz, Lf, Spx, and sIgA were first
standardized as z-scores. Groups of subjects sharing similar
salivary antimicrobial protein profiles were then identified
through repeated k-means cluster analysis by the method of
Massart and Kaufman (21) for identification of robust clus-
ters. The significance of the clustering solution found was
tested by discriminant analysis, a procedure which also
yields functions that can be used to classify unknown
individuals (21, 26). All statistical analyses were conducted
with programs from the SPSS (22) and BMDP (10) packages
of statistical software.

RESULTS
Preliminary adjustment. Table 1 gives summary statistics

for original and log values of flow rate, total protein, Lz, Lf,
Spx, and sIgA. Measurements of skewness are included to
show the effect of log transformation on data distributions.
Simple correlations among salivary variables are presented
in Table 2. As expected, antimicrobial proteins were signif-
icantly correlated with flow rate and total protein. Such
variation was removed by the calculation of residuals (see
above). Partial correlation coefficients obtained from the
residuals appear in Table 3.
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TABLE 1. Mean, standard deviation, and skewness values for
flow rate, total protein, Lz, Lf, Spx, and sIgA in stimulated

parotid saliva samples from 44 subjects
Variable Mean + SD Skewness'

Original values
Flow rate (ml/min) 0.20 ± 0.15 1.56
Total protein (mg/ml) 1.65 ± 0.57 0.24
Lz (,ug/ml) 4.35 ± 4.30 3.36
Lf (mg/dl) 0.47 ± 0.47 2.34
Spx (,Ig/ml) 6.15 t 2.49 0.01
sIgA (mg/dl) 14.91 ± 8.14 1.18

Log valuesb
Log (Flow rate) -0.81 ± 0.31 -0.12
Log (total protein) 0.19 ± 0.17 -0.64
Log (Lz) 0.51 ± 0.33 0.12
Log (Lf) -0.50 ± 0.38 0.24
Log (Spx) 0.74 ± 0.22 -1.25
Log (sIgA) 1.12 ± 0.22 0.23
a Skewness is a measure of the extent to which distributions of scores

deviate from normality (in a normal distribution skewness has a value of zero).
b Summary statistics computed from original values re-expressed as base 10

logarithms.

Principal components analysis. The partial correlation co-
efficients indicate that relationships among Lz, Lf, Spx, and
sIgA persisted after flow rate and total protein were con-
trolled for. However, the pattern of intercorrelation seen is
difficult to interpret. A simplified description of the relation-
ships was obtained by principal components analysis. The
object of principal components analysis is to describe the
variance represented by multiple variables in terms of a
small number of major factors (26). The first principal
component (PC) is the linear combination of the original
variables that accounts for the greatest proportion of vari-
ance in a multivariate data set. The second principal com-
ponent is statistically independent of the first, and it ac-
counts for the next greatest proportion of total variance.
There will always be as many principal components as there
are variables, but the first few will generally account for
most of the variance in a data set.
Table 4 provides the results of principal components

analysis. The variable loadings indicate the correlation of
original variables with each principal component (22). The
eigenvalues are equal to the sum of the squared loadings for
each principal component. They indicate the proportion of
total variance accounted for by each PC. A PC must have an
eigenvalue of 1.0 or greater to be considered significant (22).
Communalities are the sum of the squared loadings for each
variable across significant PCs. They indicate the proportion
of variance in each variable that is accounted for by the

significant PCs. In the present analysis, the first two PCs
(PC1 and PC2) were significant. Together they accounted for
about 72% of the total variance. They accounted for 77 to
89% of the variance in each of the variables, with the
exception of Lz (39%). The pattern of loadings provided a

simplified description of relationships among salivary anti-
microbial proteins. The high loading of Spx on PC2 sug-
gested that variation in Spx levels was largely independent of
variation in Lz and Lf. Lz and Lf, on the other hand,
appeared to be positively correlated, with both loading
heavily on PCI. The relationship of sIgA to the other
variables was complex, as it was positively correlated with
PCi but negatively correlated with PC2.

Cluster analysis. PC analysis can be used to describe an
overall pattern of relationships among variables in a
multivariate data set. Cluster analysis can group cases with
similar values for those variables. For the present data, a

stable clustering solution was obtained when the sample was
divided into eight groups. The distribution of persons within
clusters is presented graphically in Fig. 1 as a principal
components display (21). This method provides a two-
dimensional representation of variation in a multivariable
space. A low score on PC1 suggests low Lz, Lf, and sIgA; a
high score suggests high Lz, Lf, and sIgA. A low score on
PC2 suggests low Spx and (to a lesser extent) high sIgA; a

high score suggests high Spx and low sIgA. The plot shows
that clusters 1 and 4 contained only two and one persons,
respectively. Their small size made interpretation difficult,
and they were not considered in further analyses. The six
remaining clusters could be separated largely along the
dimensions of variation measured by the principal compo-
nents. Clusters 8 and 6 thus appeared to be low in Lz, Lf,
and sIgA, with clusters 2, 3, and 7 being high in those
proteins. PC2 further subdivided clusters into a high Spx
group of clusters 8, 3, and 7 and a low Spx group including
clusters 2 and 6. Persons in cluster 5 appeared to have mean
values for all salivary antimicrobial proteins.
The PC display is useful in visualizing clusters and for

describing general differences between them. However, it
clearly did not account for all sources of differences among
clusters, since clusters 3 and 7 showed considerable overlap.
The overlap occurs because PC1 and PC2 accounted for only
72% of total variation in the sample. More precise descrip-
tions based on 100% of total variation were obtained from
cluster profiles (Fig. 2). A cluster profile presents the cluster
mean for each variable relative to the grand mean for that
variable. The profiles for clusters 2 and 6 confirm that both
groups were low in Spx. Cluster 6, however, was at the mean
for sIgA and below the mean for Lf and Lz. Cluster 2, on the
other hand, was at the mean for Lf and high in sIgA and Lz.
Cluster 5 was at the mean for all four variables, whereas
clusters 8, 3, and 7 were all high in Spx. However, cluster 8

TABLE 2. Correlation matrix (Pearson r) for logs of salivary variables from 44 subjects
Log Log (total Log(z o L o Sx o

Variable (Flow protein) Log (Lz) Log((g)Log (Spx) Log
rate)

Log (Flow rate) 1.0000 -0.2817a -0.5884a -0.4414a -0.0948 -0.7704a
Log (Total protein) 1.0000 0.6217a 0.2100 0.6236a 0.3427a
Log (Lz) 1.0000 0.4736a 0.4017a 0.5951a
Log (Lf) 1.0000 0.3394a 0.5898a
Log (Spx) 1.0000 0.0440
Log (sIgA) 1.0000

a Statistically significant at P - 0.05.
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TABLE 3. Matrix of second-order partial correlations (controlling
for log [flow rate] and log [total protein]) between log

(concentration) of salivary antimicrobial proteins in 44 subjects'

Variable Log LgU) Log Log
(Lz) Log (Lf) (Spx) (slIgA)

Log (Lz) 1.0000 0.2936b 0.0990 0.1948c
Log (Lt) 1.0000 0.3488b 0.4272
Log (Spx) 1.0000 -0.2280c
Log (slgA) 1.0000

a Partial correlation coefficients are equivalent to simple correlations be-
tween residuals (31).

b Statistically significant (P - 0.05).
c Tending toward significance (0.05 - p - 0.10).

could be distinguished from 3 and 7 because it was below the
mean for sIgA, Lf, and Lz. Clusters 3 and 7 were indeed
similar. Both were at the mean for sIgA and high in Spx and
Lf. The difference between them was a function of Lz, which
was low in cluster 3 and high in cluster 7.
Each identified cluster had a distinct salivary antimicrobial

protein profile. Statistical significance of the differences
between clusters was evaluated by discriminant analysis
(21). The overall differences between the six major clusters
was highly significant (P < 0.0001). In pairwise comparison,
each cluster was significantly different from every other at P
c0.0007 (these P values may have been exaggerated because
the clustering process acts to minimize variation within
clusters) (2). Spx was the single most important variable in
discriminating between clusters, followed by Lz, Lf, and
sIgA (in that order). The discriminant function program also
yields classification functions (data not shown) which can be
used to assign cluster membership to persons not originally
in the sample. The effectiveness of classification functions
can be estimated by using them to classify the original cases
(22). A conservative estimate of classification function effi-
ciency (10) for the present data was 88%, with most errors
occurring between clusters 3 and 7.

DISCUSSION
One objective of the present study was to determine

whether salivary levels of antimicrobial proteins are corre-
lated. Findings obtained in this study suggest that variation
in salivary levels of Spx is largely independent of variation in
salivary levels of Lz and Lf, but that all three may co-vary to
some extent with sIgA. The independence of Spx is inter-
pretable in the light of recent histochemical studies of
localization of Lz, Lf, Spx, and sIgA in salivary gland
tissues. Lz and Lf appear to be primarily products of
intercalated duct cells (14). Spx, on the other hand, appears
to be primarily an acinar cell product (37). Transepithelial
movement of sIgA is seen at many different sites, but
intercalated ducts appear to be particularly active in this
regard (14). Present results thus may be an indication that
acinar secretion of Spx is regulated by a system which is
independent from that controlling intercalated duct secretion
of Lz and Lf. Combinations generated by the action of both
systems in general could account for the pattern of clustering
seen in Fig. 1. Additional hypotheses, however, are needed
to account for low Lz levels in cluster 3 and for the complex
relationship of sIgA with Spx, Lz, and Lf.
The role of sIgA is of particular interest in view of the

findings of Arnold et al. (3) of elevated Lz, Lf, and Spx levels
in saliva of patients with selective IgA deficiency. Similar
elevations in the concentration of nonspecific antibacterial

proteins have been reported for saliva of infants before the
attainment of adult sIgA levels (I. D. Mandel, H. Turrett,
and A. Alvarez, J. Dent. Res. 62:217, 1983). Such findings
suggest some mechanism whereby Lz-, Lf, and Spx-
producing cells are induced to compensate for temporary or
permanent deficiency in the production or transport of sIgA.
Evidence for a compensation response appears to be weak in
the present data. An inverse relationship to sIgA levels was
seen only for Spx, while the relationship of sIgA to Lz and
Lf was positive. This pattern was largely attributable to
clusters 2 and 8. Cluster 2 was low in Spx, but high in sIgA
and Lz and at the mean for Lf. Cluster 8, on the other hand,
was high in Spx, but low in sIgA, Lz, and Lf. The other
clusters showed a comparable range of variation in Spx, Lz,
and Lf, but sIgA levels in those groups did not differ
appreciably from the population mean. This suggests that
concentrations of Lz, Lf, and Spx were not strongly influ-
enced by variation in sIgA levels. These findings are not
necessarily inconsistent with the concept of a compensation
response, since present results are based on a subject
population of healthy young adults. It may be that compen-
sation will only occur in cases in which the secretory
immune system is grossly impaired or immature. Additional
research will be needed to provide a definitive answer.

Additional research is also needed with regard to the
second objective of this study, which was to define groups of
subjects sharing similar profiles (and by implication, similar
patterns of interaction) for salivary Lz, Lf, Spx, and sIgA.
Cluster analysis did identify such groupings, but their repro-
ducibility will depend on the extent to which salivary protein
concentrations in the subject population are representative
of salivary protein concentrations in the population at large.
Dental students have advantages as a pilot population, but
they may differ from the general population with respect to
demographic variables such as age, sex, ethnic background,
educational level, and socioeconomic status. Little is known
of potential effects of such differences on salivary antimicro-
bial proteins, and consequences for current findings may be
great or negligible. Another issue pertains to the size of the
subject population. The present group was large relative to
other studies in which multiple salivary proteins were incor-
porated (3, 9), but still small from the standpoint of statistical
analysis (20). It thus is possible that the full range of
potential variation in salivary levels of Lz, Lf, Spx, and sIgA
was riot encompassed here. Replication of the current study

TABLE 4. PC analysis of residuals for salivary antimicrobial
proteins (adjusted for flow rate and total protein) for 44 subjects

Loadings after varimax
Residuals rotationa Cmusdties

PClb PC2C

Lz 0.62018 0.08135 0.39125
Lf 0.84309 0.24646 0.77153
Spx 0.21691 0.91897 0.89155
sIgA 0.71261 -0.56280 0.82455
Eigenvalues' 1.65772 1.22116
Percent total 41.4 30.5

variancef
a Correlations between individual variables and PCs. Varimax rotation is a

procedure for maximizing interpretability of loading patterns (22).
b First principal component.
c Second principal component.
d Sum of squared loadings across components.
' Sum of squared loadings across variables.
f Obtained by dividing eigenvalues by the total number of variables.
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FIG. 1. Principal components plot of clusters obtained by k-means cluster analysis (21). Cases are plotted along axes defined by the first

and second principal components. Principal components scores were obtained from SPSS subprogram FACTOR (22) and standardized as
z-scores. Signs adjacent to variable names indicate the dimension of variation that is described by each axis. Eight clusters are plotted; the
numbers assigned to cases denote cluster membership. Borders around clusters are provided to aid visualization of clusters; they have no
statistical interpretation.

in a large, randomly selected sample representative of the
general population is needed to clarify that point. Such a
study will also provide an independent test of results ob-
tained from principal components and cluster analysis.

Descriptive information from a population-based sample
also can be applied to the question of continuity in cluster
membership over time. If persons tend to move from cluster
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variable, which is defined by the vertical lines (the z-transformation is used to standardize residuals, so that all variables have a grand mean
of zero). Each column describes a cluster. Cluster numbers are printed at the location of the cluster mean for each variable. Dashes indicate
1 standard deviation above and below the cluster mean. Clusters 1 and 4 include only two and one individuals, respectively; the
interpretability of their profiles is limited.
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Arch. Oral. Biol., submitted for publication.). Additional
support for such an interpretation is also provided by the
data of Oberg et al. (23) on the longitudinal stability of
densitometric patterns in polyacrylamide gels of parotid
saliva proteins. Such patterns were found to be reproducible
between different times of the day and on different days over
periods extending as long as 12 months. The findings de-
scribed above provide support for an hypothesis that per-
sons will tend to maintain cluster membership over time.
However, that hypothesis must be explicitly tested by pro-
spective studies of subjects assigned to specific clusters.

If continuity can be shown, research then can proceed to
empirical investigation of the biological significnce of cluster
membership. Such an investigation could incorporate data
from both clinical and experimental sources. Clinical inves-
tigation could focus on relationships between cluster mem-
bership and oral disease or on differences in the prevalence
of specific oral microbes among clusters. Initial in vitro
investigation could focus on comparison of saliva from
members of different clusters with respect to viability (15),
metabolic activity (12), aggregation (15), and adherence to
hydroxyapatite (L. M. Tellefson and G. R. Germaine, J.
Dent. Res. 63:188, 1983) of bacterial species which do or do
not colonize the oral cavity. Evaluation of in vitro differ-
ences among clusters should in turn lead to the generation of
specific hypotheses regarding interactions among antimicro-
bial proteins. Such hypotheses could be tested by selective
inhibition, removal, or enrichment of particular proteins
(11). The information thus obtained could then be applied to
development of a multiple protein model of the salivary host
defense system. Evaluation of variation remaining within
clusters likewise could lead to incorporation in the model of
other important variables (these might include salivary levels
of thiocyanate, relative degree of saturation of Lf, or titer of
sIgA antibodies specific to particular antigens) (1, 4, 5, 8).
Progressive refinement of such a model in turn should lead to
improved understanding of the role of salivary antimicrobial
proteins in oral health and ecology.
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