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Abstract Epidermal growth factor (EGF) exerts tropic
eVects on salivary epithelial cells. We examined EGF-med-
iated signaling pathways in the salivary epithelial cells of
patients with Sjögren’s syndrome (SS). We compared the
immunohistochemical expression of EGF receptor (EGF-
R), phosphatidylinositol 3-kinase (PI3K), Akt and nuclear
factor kappa B (NF-�B) in the labial salivary glands of SS
patients (n = 6) with those of control subjects (n = 2). EGF-
mediated signaling pathways were further studied in vitro
(n = 3) using primary salivary epithelial cells; NF-�B p65
nuclear translocation and Akt phosphorylation were exam-
ined by immunoXuorescence and western blotting, respec-
tively. The phosphorylation of EGF-R and Akt, and the
nuclear expression of NF-�B p65, were increased in situ in
the salivary epithelial cells of SS patients compared with
those of control subjects. Epidermal growth factor induced
rapid EGF-R phosphorylation and NF-�B p65 nuclear
translocation in primary salivary epithelial cells in vitro.
However, EGF also induced late Akt phosphorylation (after
12 h). Chemical inhibition of PI3K-Akt by LY294002/
wortmannin did not aVect EGF-mediated NF-�B p65
nuclear translocation; and NF-�B inhibition by Bay
11-7082 did not suppress Akt phosphorylation. Our data
suggest that EGF stimulates both the PI3K-Akt pathway

and NF-�B via distinct mechanisms, promoting tropic
eVects in SS salivary epithelial cells.
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Abbreviations
APS Aminopropyltriethoxysilane
DAB 3.3�-diaminobenzidine
DR4 Death receptor 4
ECL Enhanced chemiluminescence
EGF Epidermal growth factor
EGF-R EGF receptor
FITC Fluorescein isothiocyanate
IKK IkappaB kinase
NF-�B Nuclear factor kappa B
NGF Nerve growth factor
PBS Phosphate buVered saline
PDGF Platelet-derived growth factor
PFA Paraformaldehyde
PI3K Phosphatidylinositol 3-kinase
PMSF PolymethylsulfonylXuoride
PVDF Polyvinylidene Xuoride
SDS-PAGE Sodium dodecyl sulfate-polyacrylamide 

gel electrophoresis
SS Sjögren’s syndrome
TBS Tris-buVered saline
TNF Tumor necrosis factor
TRITC Tetramethyl rhodamine isothiocyanate

Introduction

Cell death mechanisms in salivary epithelial cells have been
thoroughly examined both in situ and in vitro [1–3], however,
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the tropic pathways acting in salivary epithelial cells remain
less understood. Although apoptotic cell death of salivary epi-
thelial cells is increased in the salivary glands of patients with
Sjögren’s syndrome (SS) [1–5], the defense mechanism of
epithelial restoration appears to be activated [6–8]. This latter
phenomenon may be up-regulated by the augmented expres-
sion of the epidermal growth factor (EGF)/EGF receptor
(EGF-R) system, which has been noted in biopsied salivary
gland samples from SS patients [9]. Epidermal growth factor
binds to and phosphorylates the EGF-R, leading to the activa-
tion of intracellular kinase cascades such as the phosphatidyl-
inositol 3-kinase (PI3K)-Akt and IkappaB kinase (IKK)-
nuclear factor kappaB (NF-�B) pathways [10–13], both of
which are well known anti-apoptogenic survival signals [14,
15]. The NF-�B is a target of Akt-mediated anti-apoptogenic
platelet-derived growth factor (PDGF) signaling [16], how-
ever, a recent investigation has revealed the cell-type depen-
dent involvement of Akt toward tumor necrosis factor (TNF)-
induced NF-�B activation, which is associated at least in part
with the degree of IKK expression in each cell type [17].

The present study was designed to determine the distribu-
tion of EGF and EGF-R and the mechanisms of the tropic
eVects of EGF in the salivary epithelial cells of SS patients.
Our present immunohistochemical results showed co-locali-
zation of phosphorylated EGF-R, phosphorylated Akt and
nuclear NF-�B p65 in salivary epithelial cells in situ in
patients with SS. Phosphorylation of the EGF-R and Akt, and
NF-�B p65 nuclear translocation in the cultured primary sali-
vary epithelial cells in vitro were induced by EGF; however,
EGF-mediated activation of Akt and nuclear translocation of
NF-�B appear to be regulated by distinct mechanisms.

Materials and methods

Patients

The study subjects were six female patients with primary SS
and two female control subjects. All six primary SS patients
fulWlled the revised criteria for the diagnosis of SS proposed
by the European community [18]. The two control subjects
complained of sicca symptoms but did not meet the criteria
for SS because they had neither positive anti-SS-A/SS-B
antibodies nor mononuclear cell inWltration into minor sali-
vary gland. They also had negative results for sialography.
Informed consent was obtained from all participating sub-
jects and the study was conducted in accordance with the
human experimental guidelines of our institution.

Biopsy of labial salivary glands

Biopsy of labial salivary glands was conducted in all eight
subjects. Under local anesthesia, a biopsy sample of the

minor labial salivary glands was obtained from the mucosa
of the lower lip at midline. Immediately after biopsy, the
tissues were Wxed in 4% paraformaldehyde (PFA) in phos-
phate buVered saline (PBS) (pH 7.4), prior to successive
immersions in 10, 15 and 20% sucrose. The tissues were
then frozen and stored in liquid nitrogen until use.

Monoclonal and polyclonal antibodies, recombinant protein 
and chemical inhibitors

The proteins expressed in the labial salivary glands were
determined using several types of antibodies (Table 1).
Polyclonal anti-NF-�B p65 antibody and anti-Akt antibody
(reacted with whole Akt) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA), and polyclonal anti-
phosphorylated Akt antibody (Ser 473) and anti-EGF-R
antibody (reacted with whole EGF-R) were purchased from
Cell Signaling Technology, Inc. (Beverly, MA, USA). Poly-
clonal anti-phosphorylated EGF-R antibody (Tyr 1173) was
purchased from BioSource International, Inc. (Camarillo,
CA, USA), and anti-�-actin and recombinant human EGF
were purchased from Sigma (St Louis, MO, USA). Donkey
anti-mouse IgG and rabbit IgG (H + L chain) polyclonal
antibody, conjugated with peroxidase (for western blotting),
were purchased from MBL (Nagoya, Japan). Fluorescein
isothiocyanate (FITC)-conjugated donkey anti-mouse IgG
(H + L) and tetramethyl rhodamine isothiocyanate (TRITC)-
conjugated donkey anti-rabbit IgG (H + L), used for
immunoXuorescence, were purchased from Jackson Immu-
noresearch Laboratories, Inc. (West Grove, PA, USA). The
PI3K inhibitors LY294002 and wortmannin, and the IKK
inhibitor Bay11-7082 were purchased from Calbiochem (La
Jolla, CA, USA). Normal rabbit serum was purchased by
Dakocytomation (Glostrup, Denmark).

Culture of primary salivary epithelial cells

Salivary epithelial cells from the labial salivary gland were
cultured immediately after biopsy following the method
reported previously by Ogawa et al. [19] and Ping et al.
[20] BrieXy, tissues were rinsed with cold sterile PBS con-
taining 100 units/ml of penicillin and 100 �g/ml of strepto-
mycin prior to mincing into fragments. One piece of the
tissue was placed in a 6-well plate coated with type I colla-
gen (Sigma). The culture medium was a deWned keratino-
cyte-SFM (Invitrogen Life Technologies, Carlsbad, CA,
USA) with the attached supplement, 0.4 �g/ml of hydrocor-
tisone (Sigma) and 25 �g/ml of bovine pituitary extract
(Kurabo, Osaka, Japan). Outgrowth of the cells was
observed within 1 week, and when the cells reached conXu-
ence, they were subcultured into a 100 mm2 plate coated
with type I collagen. For immunoXuorescence, the primary
salivary epithelial cells were cultured onto 12 mm2 cover
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slips precoated with type I collagen, Cellmatrix (Nitta Gela-
tin, Inc., Osaka, Japan).

Immunohistochemical examination of labial salivary 
glands

Tissue sections (7 �m thick) from labial salivary glands were
cut and mounted onto glass slides precoated with amin-
opropyltriethoxysilane (APS). The sections were then stained
using the labeled streptavidin-biotin method (HistoWne Stain-
ing Kit, Nichirei Co., Tokyo, Japan) as described previously
[21]. BrieXy, endogenous peroxidase was inactivated in a 3%
H2O2 solution. These sections were then incubated with 10%
goat or rabbit serum, followed by incubation with monoclonal
and polyclonal antibodies in a humid chamber for 60 min at
room temperature. After incubation, all sections, including the
negative control sections, were treated with biotinylated anti-
rabbit or mouse IgG for 12 min prior to washing and incuba-
tion with peroxidase-conjugated streptavidin. The color was
developed by soaking the sections in 3.3�-diaminobenzidine
(DAB) and H2O2 for 10 min followed by counterstaining soak-
ing the sections in 10% methyl green solution. Negative con-
trol sections were treated with normal mouse IgG or normal
rabbit serum. To enable precise comparisons of the same cells
stained with two diVerent antibodies, two consecutive “mirror”
sections were stained for anti-NF-�B p65 antibody and anti-
phosphorylated Akt antibody, as described previously [22].

Pixel intensity measurement

To quantify and visualize stronger intensity of DAB devel-
opment of ducts in the LSG, the tissue samples were
scanned by Axioscope microscopy (Carl Zeiss, Jena,
Germany) using Axioscan CCD camera (Carl Zeiss, Jena,
Germany). Then, photographed images were analyzed by
DAB Analysis System (Carl Zeiss, Jena, Germany). The
stronger intensity of staining compared to other lesions was

demonstrated as red signal automatically determined by the
DAB Analysis System. To obtain accurate intensity of
nucleus and cytoplasm of ducts in LSG, red signal of
lesions except ducts was erased before intensity measure-
ment. Pixel intensity in the three diVerent Welds are examined.

ImmunoXuorescence study

Primary salivary epithelial cells cultured onto 12 mm2 cover
slips were incubated for the indicated time in the presence or
absence of EGF. After cultivation, the cells were brieXy
rinsed in PBS and then incubated for 10 min in PBS contain-
ing 4% PFA. After incubation, the cells were immediately
immersed in methanol at ¡20°C for 10 min, rinsed in PBS,
and incubated in blocking buVer (5% normal horse serum in
PBS) for 1 h. The cells were incubated in the diluted anti-
body for 1 h, washed several times in PBS, and further incu-
bated for 1 h in diluted isotype-speciWc secondary antibodies
(1/100 for FITC-labeled and TRITC-labeled secondary anti-
bodies) in blocking solution, supplemented with Hoechst dye
33,258 at 50 ng/ml. The cells were washed three times in
PBS, mounted in Vectashield mounting medium (Vector
Laboratories, Inc., Burlingame, CA, USA), and scanned and
photographed by confocal microscopy (LSM5, PASCAL;
Carl Zeiss, Jena, Germany) equipped with epiXuorescence
optics and appropriate Wlters for the detection of FITC,
TRITC or Hoechst dye. Control experiments were performed
to ensure the isotype speciWcity of each secondary antibody
used. Specimens were scanned into Paint shop Pro8 software
(Jasc Software, Inc., MN, USA) and compiled.

Western blot analysis

After cultivation, the cells was collected and lysed by the
addition of lysis buVer (1% Igepal CA-630, 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulfate SDS, 1 mM
sodium orthovanadate, and 1 mM polymethylsulfonylXuoride

Table 1 Antibodies used in the present experiments

Poly polyclonal antibody, Mono monoclonal antibody, IHC immunohistochemistry, IF immunoXuorescence, WB western blot

Antibodies Immunogen Poly/mono Working dilution Application Source

Anti-p65 N terminus of human p65 Poly 1:100 IHC Rabbit

Anti-p65 N terminus of human p65 Mono 1:100 IF Mouse

Same as above 1:500 WB

Anti-pAktSer473

(IHC-speciWc) Ser473 of mouse Akt Poly 1:100 IHC, IF Rabbit

Anti-pAktSer473 Ser473 of mouse Akt Poly 1:500 WB Rabbit

Anti-Akt human Akt1 Poly 1:100 IHC Rabbit

Same as above 1:1,000 WB

Anti-pEGFRTyr1173 Tyrosine1173 of human EGFR Poly 1:50–100 IF Rabbit

Anti-EGFR Human EGFR Poly 1:50–100 IF Rabbit
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Fig. 1 Expression of NF-�B p65 and phosphorylated Akt in the labial
salivary glands of patients with SS. A Expression of nuclear NF-�B
p65 (a), phosphorylated Akt (b), whole Akt (c) and negative control
(normal rabbit serum) (d) by serial sections. In situ salivary epithelial
cells in SS patients clearly expressed both nuclear NF-�B p65 and
cytoplasmic phosphorylated Akt in the ducts. With regard to the cyto-
plasmic expression of Akt, clearer expression was seen in the case of
phosphorylated Akt than with whole Akt. B Co-localization of nuclear
NF-�B p65, (a) and cytoplasmic phosphorylated Akt of the ducts (b)
determined by mirror sections. Arrowheads indicate the same portion.
C Neither nuclear p65 (a) nor phosphorylated Akt (b) was observed in
control subjects. (c) and (d) represent whole Akt in nucleus of the ducts
and negative controls (normal rabbit serum), respectively. Methyl

green was used for counterstaining of nuclei. The data shown are the
results from one representative case of the six SS patients and the two
control subjects. (Original magniWcation £200). D Results of pixel
intensity measurement study for the staining by DAB without counter
staining by methyl green of ducts of both a SS patient and a control
subject. Upper panels show results of p65 staining of a SS patient (a)
and control subject (b) and phosphorylated Akt of a SS patient (c). The
stronger intensity of p65 was demonstrated as red signal of the ducts of
both a SS patient (d) and a control subject (e). Furthermore, the pixel
intensity of phosphorylated Akt of a SS patient was demonstrated (f).
Red signal of other regions except the colored ducts was erased before
visualizing intensity of focused ducts (Original magniWcation £400)
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(PMSF)) for 25 min on ice. Insoluble material was removed
by centrifugation (14,000 rpm, 15 min, 4°C). Supernatants
were collected and the protein concentration was determined
using a Bio-Rad protein assay kit (Bio-Rad Laboratories,
Melville, NY, USA). In the cases in which nuclear expres-
sion of NF-�B was observed, a nuclear extraction kit
(Panomics, Inc., Redwood City, CA, USA) was used. Iden-
tical amounts of protein (10 �g) were subjected to 12.5%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) using Pagel (Bio-Rad, Tokyo, Japan). The

proteins were transferred to a polyvinylidene Xuoride
(PVDF) Wlter, which was blocked for 2 h using 5% non-fat
dried milk in Tris-buVered saline (TBS, 50 mM Tris, 0.15 M
NaCl, pH 7.5) containing 0.1% Tween 20, washed with
TBS, and incubated at 4°C overnight in a 1:500–1:1,000
dilution of each antibody. The Wlter was washed with TBS
and incubated with a 1:1,000 dilution of donkey anti-mouse
IgG or rabbit IgG, coupled with horseradish peroxidase. An
enhanced chemiluminescence (ECL) system (Amersham,
Arlington Heights, IL, USA) was used for detection.

Fig. 2 Expression of phosphor-
ylated EGF-R in the labial sali-
vary glands of SS patients. 
Whole EGF-R was expressed in 
both SS patients (a) and control 
subjects (d), however, phosphor-
ylated EGF-R Y1173 was clearly 
detected only in the salivary epi-
thelial cells of SS patients (b) 
but not in control subjects (e). (c) 
and (f) show the negative con-
trols (normal rabbit serum)of SS 
and control subjects, respec-
tively. The data shown are the 
results from one representative 
case of the six SS patients and 
the two control subjects. (Origi-
nal magniWcation £200)

Fig. 3 EGF induces rapid phosphorylation of EGF-R in cultured pri-
mary salivary epithelial cells. The expression of EGF-R on salivary
epithelial cells was examined by probing anti-EGF-R (upper panel)
and anti-phosphorylated EGF-R (lower panel) with or without stimu-

lation of EGF for up to 180 min (3 h). Confocal microscopy demon-
strated rapid phosphorylation of EGF-R by EGF within 30 min. The
results shown here are from representative experiments on individual
cells from our three SS patients. (bar 20 �M)
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Results

Immunohistochemical detection of NF-�B, Akt and EGF-R 
in the labial salivary glands of SS patients

Figure 1 shows representative results of the immunohisto-
chemical detection of NF-�B and Akt in the labial salivary
glands of patients with SS, compared with control sub-
jects. As shown in Fig. 1A, nuclear NF-�B p65 was
expressed in the ducts of the salivary epithelial cells of SS
patients, as were Akt and phosphorylated Akt. Whole Akt
was predominantly observed in nuclei. Although phos-
phorylated Akt was also found in nuclei, it was more
clearly detected in cytoplasm than in nuclei as compared
with whole Akt. The mirror section technique identiWed
co-localization of the two molecules in the same ducts
although intracellular distribution of these molecules was
diVerent (Fig. 1B). In contrast to the data of SS patients,
neither nuclear NF-�B p65 nor phosphorylated Akt was
detected in the salivary epithelial cells of control subjects,
although cytoplasmic NF-�B p65 and whole Akt were
observed (Fig. 1C). Using pixel intensity measurement
system, strong nuclear distribution of p65 in SS was found
(Fig. 1D-d), although p65 of the control subject was observed

both cytoplasm and nucleus (Fig. 1D-e). In Fig. 1D-e,
intensity of some nucleuses was much weaker than cyto-
plasmic signal intensity or traced in a control subject,
which was obviously diVerent from nuclear distribution of
the intensity in a SS patient. With regard to phosphorylated
Akt in LSG of a SS patient, both nuclear and cytoplasmic
staining pattern was observed (Fig. 1D-f). We also exam-
ined EGF-R expression in situ in the salivary glands, Wnd-
ing that whole EGF-R was expressed in the salivary
epithelial cells of both SS patients and control subjects,
while phosphorylated EGF-R was seen only in the cells of
SS patients (Fig. 2).

EGF induces rapid NF-�B p65 nuclear translocation 
in primary salivary epithelial cells independent 
of Akt activation

We initially studied the phosphorylation of EGF-R in pri-
mary salivary epithelial cells in vitro, demonstrating that
EGF rapidly phosphorylates EGF-R within 30 min, as
observed by confocal microscopy (Fig. 3). Furthermore,
EGF also induced nuclear translocation of NF-�B p65 in
the cells within 30 min (Fig. 4a), but did not induce the
phosphorylation of Akt at time periods up to 3 h (Fig. 4a,

Fig. 4 EGF induces rapid nuclear translocation of NF-�B p65 in sali-
vary epithelial cells but not Akt phosphorylation within 3 h. a Immu-
noXuorescence study of NF-�B p65 nuclear translocation. Confocal
microscopy clearly indicated that EGF induced NF-�B p65 nuclear
translocation within 30 min (upper panels), while the phosphorylation
of Akt could not be detected a test periods of up to 3 h (lower panels).
The epithelial cells were double labeled using anti- p65 antibody with

FITC-conjugated secondary antibody (upper panels) and anti-phos-
phorylated Akt antibody with TRITC-conjugated secondary antibody
(lower panels). (bar 20 �M). b Phosphorylation of Akt by western
blotting was not detected within 3 h of EGF stimulation. As a control
�-actin was used. The results shown here are from representative
experiments on individual cells from our three SS patients
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by immunoXuorescence; Fig. 4b, by western blotting).
Although constant level of faint nuclear staining of phos-
phorylated Akt continued during 180 min stimulation with
EGF, that was much weaker than the staining at longer
stimulation and low level of Akt expression was conWrmed
by western blotting.

To examine the role of Akt in EGF-mediated NF-�B p65
nuclear translocation, we used chemical inhibitors of PI3K,
LY294002 and wortmannin. Neither LY294002 (Fig. 5a)
nor wortmannin (data not shown) aVected EGF-mediated
NF-�B p65 nuclear translocation. In addition to our immu-
noXuorescence study, similar results were obtained by the
use of nuclear extracts of salivary epithelial cells in which
EGF-mediated NF-�B nuclear expression was not sup-
pressed in the presence of LY294002 (Fig. 5b).

EGF induces late phosphorylation of Akt in primary 
salivary epithelial cells independent of IKK-NF-�B 
activation

Although EGF did not induce Akt phosphorylation in pri-
mary salivary epithelial cells within 3 h (Figs. 4a, b), it was
found to strongly phosphorylate Akt mainly in cytoplasm
12–24 h of stimulation with EGF (Fig. 6a), with a distribu-
tion similar to that observed by immunohistochemical

study (Fig. 1a). The EGF-mediated PI3K activation
appeared to be essential to the process since the use of the
PI3K chemical inhibitors LY294002 and wortmannin, sig-
niWcantly suppressed EGF-induced Akt phosphorylation
(Fig. 6b). The use of the IKK inhibitor Bay 11-7082 did not
modulate the phosphorylation of Akt, suggesting that EGF-
mediated PI3K-Akt activation is achieved distinctively
through the IKK-NF-�B pathway (Fig. 6b). The results of
western blotting (Fig. 6a, b) were conWrmed by the results
of immunoXuorescence studies (Fig. 6c, d). In Fig. 6d, the
staining of phosphorylation of Akt was double labeled with
Hoechst 33258 to examine whether the major part of stain-
ing is nucleus or cytoplasm. When the salivary epithelial
cells were treated with EGF, most of activated Akt was
found in cytoplasm although strong signal was also
detected in the nucleus. Although activated Akt signal was
found when the cells were pretreated with Bay 11-7082, the
signal was detected in the nucleus, which was diVerent
from the distribution with stimulation of EGF only.

Discussion

In agreement with other investigators, we found that the
expression of death receptors such as Fas, death receptor 4

Fig. 5 EGF-mediated NF-�B 
p65 nuclear translocation is not 
modulated by the PI3K inhibitor 
LY294002 in salivary epithelial 
cells. a Primary salivary epithe-
lial cells were preincubated with 
50 �M of LY294002 for 1 h pri-
or to stimulation with EGF 
(50 ng/ml). Pretreatment with 
LY294002 did not inhibit EGF-
mediated NF-�B p65 nuclear 
translocation, as observed by 
confocal microscopy. The re-
sults shown here are from repre-
sentative experiments on 
individual cells from our three 
SS patients. (bar 20 �M). b Nu-
clear NF-�B p65 expression by 
western blotting. Stimulation 
with EGF clearly increased the 
amount of nuclear NF-�B p65, 
and pretreatment with 
LY294002 did not inhibit EGF-
mediated NF-�B p65 nuclear 
expression. As a control �-actin 
was used
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(DR4), DR5 and double-stranded DNA breaks in situ in
patients with SS [2, 3, 23]. In addition, our present data also
show the expression of phosphorylated Akt and nuclear

NF-�B p65 in the same cells by immunohistochemistry. In
the pathogenesis of sialadenitis in SS, apoptotic cell death
induced by Fas/Fas ligand, granzymes or perforin in salivary

Fig. 6 Late EGF-induced phos-
phorylation of Akt via PI3K 
independent of IKK-NF-�B by 
western blot analysis and confo-
cal microscopy. a EGF induced 
Akt phosphorylation at 12–24 h. 
b Pretreatment with PI3K inhib-
itors (LY294002 at 10 and 
50 �M, and wortmannin at 25 
and 100 nM) was found to inhib-
it the phosphorylation of Akt, 
while pretreatment with an IKK 
inhibitor (Bay 11-7082 at 5 
and10 �M) did not aVect Akt 
phosphorylation. Salivary epi-
thelial cells were stimulated with 
EGF for 12 h. As a control �-ac-
tin was used. c EGF phosphory-
lates Akt at 12–24 h based on 
immunoXuorescence data, simi-
lar to the data depicted in 
Fig. 6a. d ConWrmation of the 
results shown in Fig. 6b by 
immunoXuorescence study. To 
clarify distribution of phosphor-
ylated Akt at each panel, the nu-
cleus was stained with 50 ng/ml 
of Hoechst 33258 (blue staining) 
and presented as merged view 
with phosphorylated Akt, show-
ing the nuclear distribution of 
phosphorylates Akt as purple 
signal. Results are representative 
experiments of individual cells 
from three SS patients. (bar 
20 �M)
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epithelial cells is thought to be associated with salivary tis-
sue destruction [1, 2]. Hence, mechanisms that counteract
cell death also appear to be activated; the appearance of
lymphoepithelial islands may reXect the proliferative
response of ductal epithelial cells to inXammatory stimuli
in SS patients; Yamamura et al. [8] describe their study, in
which they found that lymphoepithelial islands were sur-
rounded by inXammatory lymphocytes.

Epidermal growth factor and EGF-R are considered to
be tropic factors for salivary epithelial cells in the salivary
glands of SS patients based on evidence presented by Gor-
goulis et al. [9] that EGF and EGF-R are densely expressed
in the epithelial duct cells of lymphoepithelial or destruc-
tive lesions in secondary SS patients. Since the expression
of phosphorylated EGF-R as well as co-localization of
phosphorylated Akt and nuclear NF-�B p65 were found
in situ in the salivary epithelial cells of SS patients in our
immunohistochemical study, we focused on the regulatory
mechanisms of EGF as an inducer for the activation of
PI3K-Akt and IKK-NF-�B in vitro. Ahn et al. [24] recently
reported that nerve growth factor (NGF)-treated PC-12
cells are resistant to apoptosis induced by activated cell-
free apoptosome through PI3K signaling, suggesting that
the PI3K-Akt pathway is essential in promoting cell sur-
vival. Their explanation implied that growth factors possess
the potential to activate the PI3K-Akt pathway and subse-
quent anti-apoptotic eVect.

In the present study, EGF phosphorylated EGF-R on pri-
mary salivary epithelial cells, and NF-�B p65 nuclear trans-
location and phosphorylation of Akt in the cells were
clearly induced by EGF. As concerns sustained EGF-
induced phosphorylation of EGF-R for 10–30 min, Keates
et al. [25] recently demonstrated that EGF as well as Heli-
cobacter pylori augmented sustaining expression of EGF-R
messenger RNA in the gastric epithelial cells up to 6 h,
indicating that in their case activation of MAP kinase path-
way might be involved. Although expression of MAP kin-
ases was not detected in our previous study [26], relevant
mechanism is supposed to be related to activation of EGF-
R in the salivary epithelial cells. The anti-apoptogenic func-
tion of PI3K-Akt and IKK-NF-�B are convincing [14, 15].
However, the dependency of each pathway on the other for
stimulation may be cell-type dependent or stimulus-depen-
dent such as the cases of Akt located up-stream of NF-�B
[27–29] and of NF-�B located up-stream of Akt [30], with
each activated in a distinct fashion, as previously reported
by Wang et al. [31]. In the present study, we found that, in
primary salivary epithelial cells, NF-�B was rapidly acti-
vated, while Akt was phosphorylated later during EGF
stimulation. Regarding morphological change of the epithe-
lial cells stimulated with EGF 12 h, Ackland et al. [32] pre-
viously reported that EGF stimulation for 6 days induced
‘‘ruZing’’ of PMC42-LA cells with increased Wbronectin

deposition, implying that these changes might be related to
up-regulation of cell adhesion system. The chemical inhibi-
tion by kinase inhibitor strongly suggests that each pathway
(PI3K-Akt and IKK-NF-�B) appears to be distinctively
activated by EGF. Furthermore, EGF stimulation signiW-
cantly inhibited pro-apoptogenic stimuli toward primary
salivary epithelial cells in vitro [33]. Thus, we believe that
EGF-mediated activation of both PI3K-Akt and IKK-NF-
�B is functionally anti-apoptogenic. Further studies are
necessary to determine the molecular role of each pathway
in protecting against salivary epithelial cell death.

Research studies investigating anti-apoptogenic factors
in SS are scarce. In the present study, our results suggest
EGF/EGF-R involvement in anti-apoptogenic signals via
PI3K-Akt and IKK-NF-�B. These results may provide new
insight into the mechanism of salivary epithelial cell repair
in patients with SS.
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