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Summary

The regenerating gene (Reg) was originally isolated from regenerating rat
pancreatic islets and revealed recently to constitute a multi-gene family in
humans. REG Ia protein is known to be overexpressed not only in various
human inflammatory diseases but also in various experimental models of
inflammation in animal tissues. However, its involvement in pathophysiology
of the minor salivary gland (MSG) is not clear. We investigated REG Ia
expression in the MSG of patients with primary Sjögren’s syndrome (SS) and
assessed its role in ductal epithelial cell proliferation in such tissues. Lip
biopsy specimens were obtained from 40 patients with primary SS and exam-
ined using immunohistochemistry for REG Ia protein, Ki67 and single-strand
DNA (ssDNA). The relationships among clinicopathological factors and
expression of REG Ia protein, Ki67 and ssDNA in the MSG were then
analysed. REG Ia protein was expressed rarely in ductal epithelial cells of the
normal MSG but was apparently overexpressed in those of patients with SS.
The labelling indices for both Ki67 and ssDNA in the ductal cells of the MSGs
were significantly higher in SS patients than in controls. Moreover, these
labelling indices were significantly higher in REG Ia-positive than in negative
SS patients. REG Ia protein may play a role in the regeneration of ductal
epithelial cells in the MSGs of patients with SS.
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Introduction

The regenerating gene (Reg) was isolated originally from a
complementary DNA library derived from regenerating rat
pancreatic islets, and its human homologue was named REG
Ia [1]. REG Ia protein is expressed not only in the pancreas
but also the gastrointestinal tract [2–4]. Moreover, it is inter-
esting that REG Ia protein is involved in the pathophysiol-
ogy of gastritis [5] or pancreatitis [6] and is suggested to play
a role in tissue regeneration in those diseases [1,7,8]. The
salivary gland is a component of the digestive system and its
tissue structure, comprising acinar and ductal cells, is similar
to that of the exocrine pancreas. Therefore, we hypothesized
that REG Ia protein may play some role in the salivary gland
under inflammatory conditions.

Sjögren’s syndrome (SS) is a systemic autoimmune
disease characterized predominantly by dryness of the eyes
and mouth because of tissue injury resulting from lympho-
cyte infiltration into the lacrimal and minor salivary glands
(MSGs) respectively [9]. In this context, it is tempting to

speculate that some molecules play roles in remodelling of
the MSG in patients with SS. In the present study, we inves-
tigated the expression of REG Ia in the MSG of patients with
SS and analysed its histopathological significance. Moreover,
we assessed the role of REG Ia protein in ductal cell prolif-
eration in the MSG of patients with SS.

Materials and methods

Patients, tissue samples and histology

Forty patients with primary SS (four males, 36 females; mean
age 50·3 years, range 17–74 years) who were diagnosed
according to the Revised Japanese Criteria for SS [10,11] at
Dokkyo University School of Medicine between 1996 and
2002 were enrolled. Samples of labial salivary gland tissue
were obtained by biopsy and surgery from patients with
primary SS, and also from 10 controls (five males, five
females; mean age 28·0 years, range 4–50 years) who were
treated for mucocele. The non-inflamed region far from the

Clinical and Experimental Immunology ORIGINAL ARTICLE doi:10.1111/j.1365-2249.2008.03806.x

16 © 2008 British Society for Immunology, Clinical and Experimental Immunology, 155: 16–20

mailto:fukui@dokkyomed.ac.jp


cystic wall in the mucocele tissue was investigated as a
non-inflamed control. Tissue specimens were fixed in 10%
neutral buffered formalin and embedded in paraffin. Mul-
tiple haematoxylin and eosin-stained sections of each sample
were examined histologically. To assess the severity of peri-
ductal inflammation, the focus score was expressed as the
number of focus points consisting of � 50 periductal infil-
trating lymphoid cells in a 4-mm [2] MSG biopsy sample
[10,11]. The severity of periductal inflammation was graded
as: slight, focus score < 1; evident, focus score � 1. This work
was conducted with the approval of the Dokkyo University
Surgical Pathology Committee, and informed consent was
obtained from all patients.

Anti-REG Ia antibody

The monoclonal antibody for human REG Ia protein was
generated, as reported previously, against human REG Ia
protein corresponding to positions 23–166 of the deduced
human REG Ia protein [2]. The specificity of the antibody
was proven by not only Western blot analysis [2] but
also immunohistochemistry [6]. Regarding the controls in
immunohistochemistry, the sections of pancreas were used
as positive control, and anti-REG Ia antibody was not
applied to the negative control.

Immunohistochemistry

Immunohistochemical staining for REG Ia, Ki67 and single-
strand DNA (ssDNA) was performed with a LSAB-2 kit
(Dako, Marseille, France) as described previously [3]. In
brief, 4-mm-thick sections were placed on slides, deparaf-
finized and dehydrated. They were then placed in 0·01 mol/l
citrate buffer (pH 6·0) and treated by microwave heating
(MI-77, Azumaya, Tokyo, Japan; 400 W, 95°C) for 10 and
40 min to facilitate antigen retrieval for REG Ia and Ki 67
respectively, whereas they received no treatment with micro-
wave heating for the immunostaining of ssDNA. Then, the
sections were followed by pretreatment with 0·3% H2O2 in
methanol for 20 min at room temperature to quench endo-
genous peroxidase activity. The sections were incubated with
1% bovine serum albumin in phosphate-buffered saline
(PBS) for 30 min, and then with anti-REG Ia (dilution
1:100), anti-Ki 67 (Dako Japan; dilution 1:50) and anti-
ssDNA (Dako Japan; dilution 1:50) for 1 h. Thereafter, the
sections were incubated with biotinylated secondary anti-
body for 15 min, washed with PBS and treated with
peroxidase-conjugated streptavidin for 20 min. Finally, the
sections were incubated in 3,3′-diaminobenzidine tetrahy-
drochloride with 0·05% H2O2 for 3 min and then counter-
stained with Mayer’s haematoxylin.

Evaluation of REG Ia expression

The REG Ia immunoreactivity was observed in the ductal
cells but not in other cells in the MSG tissues. All ducts (at

least 25) were observed in each tissue sample, and a specimen
was considered positive for REG Ia protein if � 20% of the
ductal cells were stained positively; otherwise, the specimens
were considered negative.

Evaluation of cell proliferation and apoptosis of ductal
cells in MSGs

Ki67 and ssDNA were used as markers for measures of cell
proliferation [12] and apoptosis [13] respectively. We evalu-
ated the expression of Ki67 and ssDNA in the ducts of the
MSG where REG Ia immunoreactivity was localized. All
ducts (at least 25) were observed in each tissue section, and
the labelling index of both Ki67 and ssDNA was calculated as
the percentage of positive cells.

Statistical analysis

Statview 5.0J statistical software (Abacus Concepts Inc., Ber-
keley, CA, USA) was used for all analyses. c2 analyses were
performed to investigate the relationship between REG
Ia expression and severity of periductal lymphoid cell
infiltration. All values were expressed as the mean � stan-
dard error of the mean and the significance of differences
between two groups was assessed using the Mann–Whitney
U-test. Differences at P < 0·05 were considered to be
significant.

Results

Expression of REG Ia and Ki67 in MSGs of patients
with SS

The REG Ia expression was observed rarely in the ductal
epithelial cells of normal MSGs. We found no REG Ia
expression in either acinar or interstitial cells in normal
MSGs (Fig. 1a). In addition, we hardly observed REG
Ia-positive cells in the cystic lesion of the resected mucocele
(data not shown). In patients with SS, REG Ia expression
was observed in the MSG ductal cells, but not in acinar or
interstitial cells (Fig. 1b). Twenty-six (65·0%) of the 40 SS
samples were positive for REG Ia protein expression,
whereas all 10 control MSGs examined were negative, sug-
gesting that the ductal cells in the MSGs of SS patients
showed ectopic overexpression of REG Ia (P < 0·001).

Immunoreactivity for Ki67 was scattered in the normal
MSG (Fig. 1c). However, Ki67 immunoreactivity was ob-
served in a considerable number of inflammatory cells and
ductal cells in the MSGs of patients with SS (Fig. 1d). The
Ki67 labelling index of ductal cells in the MSG was signifi-
cantly higher in SS patients than in controls (1·5 � 0·3 versus
0·4 � 0·1; Fig. 2, P = 0·033).

Hardly any signal for ssDNA was observed in the ductal
cells of the normal MSG (Fig. 1e), but considerable signal
expression was evident in the ductal cells of SS patients
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(Fig. 1f). The ssDNA labelling index of ductal cells was sig-
nificantly higher in SS patients than in controls (1·0 � 0·4
versus 13·5 � 3·0; Fig. 3, P = 0·047).

None of the parameters – age, gender or the severity of
periductal inflammation – was related significantly to REG
Ia expression, Ki67 labelling index or ssDNA labelling index
in the ductal cells in patients with SS.

Relationship between REG Ia expression and Ki67 or
ssDNA labelling index in MSGs of patients with SS

We next investigated the relationship between REG Ia
expression and Ki67 or ssDNA labelling index in patients
with SS. As shown in Figs 2 and 3, the Ki67 and ssDNA
labelling indices were both significantly higher in the REG
Ia-positive group than in the negative group respectively.

Discussion

In the present study, we demonstrated for the first time that
REG Ia protein is expressed in a very few ductal cells, but not
in acinar or interstitial cells, in the normal MSG. This finding

was unexpected, because REG Ia protein is expressed not
only in ductal but also in acinar cells in the normal pancreas.
However, although the MSG is histologically similar to the
exocrine pancreas, its development differs from that of the
pancreas [14]. In fact, unlike the pancreas, the salivary glands
lack a distinct endocrine system but possess myoepithelial
cells [15]. Moreover, it is noteworthy that the expression level
of REG Ia in the normal pancreas is very high [2], whereas it
is extremely low in the normal MSG. Thus, these findings
suggest that tissue-specific differences in development
and/or the regulatory mechanism of gene expression may
affect the level of the gene product or the cell specificity of
REG Ia protein expression.

The most important finding of this study was that REG Ia
protein was overexpressed in the ductal cells of MSGs from
patients with SS. Although the aetiology of SS is still unclear,
it is thought to be an autoimmune disease characterized by
marked ductal cell destruction with inflammatory cell infil-
tration [9]. Therefore, it is an interesting question as to
whether REG Ia overexpression is associated directly with
the immune disorder in patients with SS. We and others have
reported previously that REG Ia is overexpressed not only in

Fig. 1. Immunostaining of REG Ia, Ki67 and

single-strand DNA (ssDNA) in minor salivary

gland (MSG) tissues. REG Ia expression is (a)

negative in any types of cell in normal MSG but

(b) positive in the ductal epithelial cells in

inflamed MSG from Sjögren’s syndrome (SS)

patients. (c) Ki67 immunoreactivity is scattered

in the normal MSG. (d) Ki67 immunoreactivity

is observed in a considerable number of

inflammatory cells and REG Ia-positive ductal

cells in inflamed MSG from SS patients. (e)

Hardly any signal for ssDNA in the ductal cells

of the normal MSG. (f) Considerable signal for

ssDNA in the ductal cells of SS patients.

(a) (b)

(c) (d)

(e) (f)
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various human inflammatory diseases such as gastritis [5],
pancreatitis [6] and colitis [4], but also in various experi-
mental models of inflammation in animal tissues [7,8].
Thus, it is most likely that inflammation, regardless of
whether or not it is autoimmune-associated, is a key event
triggering REG Ia overexpression in many tissues. We have
suggested that a variety of major proinflammatory cytok-
ines, such as interleukin (IL)-6, IL-8, tumour necrosis
factor-a and interferon-g, are responsible for REG Ia expres-
sion in pancreatic and gastric tissues [16–18]. Although we
could not determine the level of proinflammatory cytokines
in our biopsy samples, both infiltrated inflammatory cells
and ductal epithelial cells are known to produce these proin-
flammatory cytokines in the MSG of SS patients [9,19,20].
Accordingly, as in the case in gastric and pancreatic tissues,
cytokines may be associated closely with REG Ia overexpres-
sion in MSG ductal cells of SS patients. However, in the
present study we found no correlation between the severity
of periductal inflammation and the positivity of REG Ia
expression in the ductal cells. This may be explained by the
fact that the threshold of REG Ia expression by inflamma-
tion is low and therefore weak inflammation may be enough
to induce REG Ia expression in the MSG tissues.

The role of REG Ia protein in the pathophysiology of
patients with SS is a matter of interest. From the viewpoint of
histopathology, ductal epithelial cells are being injured con-
tinuously by inflammation, and subsequently regenerated

[9,21]. Indeed, in the present study we demonstrated that
both proliferation and apoptosis of ductal cells were occur-
ring actively in the MSGs of SS patients. Interestingly, we also
found significant REG Ia overexpression in MSGs where
both proliferation and apoptosis were occurring actively in
ductal epithelial cells. On the other hand, we have shown
previously that REG Ia protein promotes cell proliferation
and confers cell resistance to apoptosis in vitro [16,22], and
furthermore that REG Ia protein is overexpressed during
healing of the gastric epithelium [7,8]. Taken together, the
data suggest that REG Ia protein may be involved in the
regeneration of ductal tissues by exerting a cell-proliferative
and/or anti-apoptotic effect, although it is unknown
whether REG Ia protein is enough to prevent the ductal cells
from apoptosis induced by strong inflammatory stimuli. On
the other hand, it is noteworthy that REG Ia expression was
not observed in the mucocele lesion with inflammatory cell
infiltration. However, this is not surprising because the cystic
lesion in mucocele tissue lacks the components of epithelial
cell in which REG Ia should be expressed. Thus, REG Ia
protein plays a role specifically in the ductal epithelial cells
under inflammatory condition.

In summary, we have shown that REG Ia protein is
overexpressed in the ductal epithelial cells of MSGs in SS
patients, and that its expression is associated with the pro-
liferation of these cells. These data suggest that REG Ia
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protein may play a role in the regeneration of MSG ductal
epithelial cells in SS.
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