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ABSTRACT

Sdgren's syndrome (SS) is chronic
salivary gland disorder characterized
by areduction in salivary and lacrimal
secretion. Elevation in salivary lacto
ferrin has been reported in SSpatients.
Fluctuation in theiron binding capaci
ty of lactoferrin has been associated
with cellular damage.

Objective. The purpose of this study
was to compare the levels of salivary
lactoferrin, total iron, and iron binding
capacity in §dgren's syndrome (SS)
patients and healthy controls.
Methods. SDS-PAGE was used to
examine the presence of lactoferrin in
102 patients and 20 healthy controls. A
colorimetric assay was used to examine
thelevel of total salivaryironandiron
binding capacity in patients and con
trols.

Results. A higher number of SSpatients
exhibited elevated levels of lactoferrin
as compared to controls (86% vs. 20%,
respectively). No significant difference
was observed in the mean level of total
iron in the saliva between patients and
controls (12.6 pg/100 m vs. 11.1 pg/
100 ml, respectively). However, the
total iron binding capacity of lactofer -
rin was significantly lower among SS
patients than healthy controls (38.2
Mg/100 M vs. 61.8 pg/100 ml, respec -
tively), p= 0.019.

Conclusion. The overall results of this
study suggest a possible impairment of
the iron binding capacity of saliva in
SSpatients. Such impairment may con -
tribute to the cellular damage of the
salivary glands observed in SS
patients.

Introduction

Sjogren’s syndrome (SS) is a chronic
salivary gland disorder characterized
by lymphocytic infiltration of the sali-
vary and lacrimal glands (1-3). Elevat-
ed concentrations of total salivary pro-
tein, abumin, cystatin C, cystatin S,
lactoferrin, and total 1gA have been
reported to be associated with reduced
sdlivary secretion in SS (4, 5). Lacto-
ferrin (LF) is an iron binding protein
that provides significant protection
against the oxidative insults of hydro-
gen peroxide and UV irradiation (6).
Such protection is provided by iron-
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unsaturated LF, while iron-saturated
LF offers no protection against oxida
tiveinsults (6).

The purpose of this study was to com-
pare changes in the level of salivary
lactoferrin, total iron, iron binding
capacity, and saturated/unsaturated iron
binding capacity of parotid saliva of SS
patients and contrals.

Material and methods

Patients

102 Sjogren’s syndrome patients (13
males and 89 females) attending the
Salivary Dysfunction Clinic at Baylor
College of Dentistry were included in
this study. The diagnosis of Sogren’s
syndrome (SS) was based on the Euro-
pean Community Criteria (7). All
patients had dry mouth, dry eyes, at
least one positive autoantibody against
SS-A, SS-B, rheumatoid factor, or
antinuclear antibody and/or a positive
minor salivary gland biopsy (7, 8). The
majority of patients (97) had primary
SS; only 5 patients had secondary SS.
Twenty individuals (7 males and 13
females) without SS were selected as
controls (HC).

Saliva collection and salivary
elelctrophoresis

Stimulated human parotid saliva (HPS)
collection, salivary protein determina
tion, and salivary electrophoresis were
performed as previously described (9-
11). Theidentity of LF was verified by
Western blot analysis using commer-
cial anti-LF antibodies and human milk
LF asthe contral (9).

Iron binding of saliva and salivary
lactoferrin

LF was separated into apo-LF and iron
saturated LF on a 7.5% non-reducing
SDS-PAGE and stained with Coomassi
blue, according to Kijlstra et al. (12).
Ferric nitrate was used asiron chelator.
The percentage of apo-LF and iron sat-
urated LF was measured densitometri-
cally using NIH Image 1.5 software
(NIH, Bethesda MD). Tota salivary
iron, total iron binding capacity
(TIBC), unsaturated iron binding
capacity (UIBC), and percent saturated
iron binding capacity (%SIBC) was
determined according to Fischer and
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Price (13). The ratios of iron saturat-
ed:unsaturated (LF and salivary bind-
ing capacity) were also calculated for
both patients and controls.

Satistical analyses

The Mann-Whitney U test a p < 0.05
was used to compare the flow rate, total
sdivary protein and salivary iron, TIBC,
UIBC, and %SIBC of sdiva between
patients and controls. Student’s t-test at
p < 0.05 was used to compare the age
between SS and HC. Differencesin LF
on SDS-PAGE between the SSand HC
groups were evaluated using a Chi-
squaretest at p < 0.05.

Results

Sudy population

Table | shows the demographics of the
study population. SS patients had asig-
nificantly lowver mean salivary flow rate
than the HC (0.35 + 0.02 ml/min/gland
vs. 0.45 + 0.04 ml/min/gland, respec-
tively), p = 0.0326.

LF insaliva

Figure 1 shows the typica SDS-PAGE
profile of saliva under reducing condi-
tions. LF with an apparent molecular
weight of 90 kDawas observed in 86%
of SS patients and 20% of HC. The
identity of LF was verified by Western
blot analysis (data not shown). LF was
prominent in a significantly higher
number of SSthan HC, p = 0.0001.

Iron saturated/unsaturated LF

Figure 2 showstheiron binding charac-
teristics of LF under non-reducing con-
ditions and without heating the sam-
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Fig. 1. Electophoretic profile of human parotid saliva (HPS) on 10% SDS-PAGE under reducing con-
ditions stained with Coomassie Brilliant Blue. SS: Sjogren’ s syndrome patients and HC: healthy con-
trols, 20 pg each. The relative intensity of lactoferrin (arrow) is higher among SS than HC.

ples. Apo-LF displayed an apparent
molecular weight of 68 kDa. However,
in the presence of iron chelate an addi-
tional LF band (iron-saturated LF) with
an apparent molecular weight of 60
kDa was observed. The identity of apo-
LF and iron saturated LF was verified
by Western blot analysis (data not
shown). Densitometric measurements
of the two LF bands on SDS-PAGE
showed that apo-LF (Fig. 2, lanesHPS
+ Fe, arrow A) represented approxi-

mately 27% of total salivary LF in SS
patients as compared to ~54% in HC.
In contrast, iron saturated LF (Fig. 2,
lanes HPS + Fe, arrow B) represented
~73% of total saivary LF in SS
patients as compared to ~46% in HC.
The ratio of saturated: unsaturated LF
for SS: HC was 3.1.

Iron binding capacity of saliva
The mean total ironin parotid salivafor
HCwas 11.1 + 1.1 ug/100 ml and 12.6

Table |. Demographics and salivary parameters of the study population.

HC S5
Variable N Median Mean + SEM N Median Mean + SEM P
Age (yrs.) 20 58 56.1 + 3.6 102 60 595 + 1.32 0.319
Sdlivary flow rate 20 0.43 045+ 0.04 102 0.32 0.35 + 0.02 0.032
(ml/min/gland)
Sdlivary protein 20 1375 1380 * 143 102 128 1495 * 88 0.849
(mg%)

SEM: Standard error of the mean.
* Mann-Whitney U test.
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Fig. 2. SDS-PAGE (7.5%) profile of HPS (30 pg) under non-reducing conditions in the presence and
absence of iron (+Fe), stained with Coomassie Brilliant Blue. 3 mg human milk lactoferrin (LF) was
used as control. Un-saturated lactoferrin; apo-LF (arrow A) and iron saturated LF (arrow B).

+ 1.8 pg/100 ml for SS. A Mann Whit-
ney U test showed no significant differ-
ences in total salivary iron between SS
and HC, p = 0.716. However, the total
iron binding capacity (TIBC) of saliva
was 61.8 £ 6.4 pg/100 ml for HC and
38.2 + 3.6 pg/100 ml for SS patients.
The Mann Whitney U test revedled sig-
nificant differences in TIBC between
SSand HC, p =0.019 (Table ).

The mean unsaturated iron binding
capacity (UIBC) of saliva was 50.3 +
6.5 pug/100 ml for HC and 25.5 + 3.6
pg/100 ml for SS patients. The Mann
Whitney U test showed significant dif -
ferences in UIBC between HC and SS
subjects (p = 0.013, Table Il1). The
mean percent saturated iron binding
capacity (%SIBC) of parotid salivawas
21.6 + 4.0% for HC and 34.6 + 4.1%

for SS patients. The Mann Whitney U
test showed significant differences in
%SIBC between HC and SS (p =
0.045, Table II). The ratio of SIBC:
UIBC for SS: HC was 3.2.

The calculated ratio of saturated: unsat-
urated LF to the ratio of saturated:
unsaturated iron binding capacity of
salivawas 2.07 for SS patients and 2.1
for HC.

Discussion

In mammalian cells, hydrogen perox-
ide may be reduced by ferrous iron to
form hydroxyl radicals that are
extremely damaging to the cells (6, 14).
Lactoferrin is a potent iron binding
protein which plays a critical role in
intracellular protection against oxida-
tive insults (6).
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In this study we compared the status of
lactoferrin, total iron, total iron binding
capacity, and the total saturated/unsatu-
rated iron binding capacity of human
parotid saliva between SS patients and
healthy controls. Our result confirms
previous studies in that higher levels of
LF were observed among SS patients
than controls (4, 5, 11). However, our
results also indicated that the saliva of
SS patients contains proportionally
lower levels of unsaturated LF (apo-
lactoferrin) than healthy controls (27%
vs. 54%, respectively) (Fig. 2). In addi-
tion, the saliva of SS patients showed
significantly lower total iron binding
capacity (TIBC) and unsaturated iron
binding capacity (UIBC) than HC (p =
0.019 and p = 0.013, respectively)
(TableI1). In addition, a proportionally
higher saturated iron binding capacity
(SIBC) was observed among SS
patients than HC. Interestingly, the
ratio of saturated to unsaturated LF in
SS versus HC was almost identical to
the ratio of saturated to unsaturated
iron binding capacity of saliva (3.1 ver-
sus 3.2). This suggests that LF is the
major iron binding protein in saliva,
which is supported by the equa pro-
portional ratio of saturated: unsaturated
LF to the ratio of saturated: unsaturated
iron binding capacity of salivafor both
patients and controls (2.07 versus 2.1).
Therefore, the lower level of UIBC
aong with the higher %SIBC of saliva
in patients may suggest a potential role
for LF and/or iron in the pathogenesis
of SS. These results imply a potential
role for oxidative injury in the patho-
genesis of SS. This is in agreement

Tablell. The status of salivary iron in healthy control (HC) and Sjégren’s syndrome (SS) subjects.

HC SS
Salivary iron N Median Mean + SEM Median Mean + SEM P
Freeiron (ug/100 ml) 22 11.8 11.1 + 11 12 12.6 + 18 0.716
TIBC (ug/100 ml) 22 72 61.8 * 6.4 34 382 + 36 0.019
UIBC (ug/100ml) 22 57.7 50.3 + 6.5 21.7 255 + 36 0.013
%SIBC 22 16.4 21.6 + 4.0 38.2 34.6 + 41 0.045

SEM: Standard error of the mean; TIBC: Tota iron binding capacity; UIBC: Unsaturated iron binding capacity; %SIBC: Percent saturated iron binding

capacity.
* Mann-Whitney U test
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with previous studies which have sug-
gested that unsaturated apo-LF, but not
iron-saturated LF, isapowerful inhibitor
of oxidative damage (6, 14, 15).
Thisisthefirst quantitative demonstra-
tion of apo- and saturated lactoferrinin
human saliva. It is also the first study
that demonstrates a proportional
increase in the levels of saturated lacto-
ferrin and salivary iron binding capaci -
ty among SS patients. The overall
result of this study provides a potential
mechanism for acinar injury in SS.
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