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S

Aim: Transforming growth factor β (TGF-β) is involved in the control of autoimmune reactions, cell proliferation, and the accumulation of lymphocytes within organs. The aim of this study was to determine
the expression of TGF-β in salivary glands from patients with primary Sjogren’s syndrome (SS) and
benign lymphoepithelial lesions (BLEL) with emphasis on ductal epithelium.
Methods: Immunoperoxidase staining for TGF-β isoforms and Ki67 antigen was performed on formalin fixed sections of labial glands from patients with primary SS (n = 15) and controls (n = 5) and
parotid glands reported as BLEL (n = 5) or normal (n = 5). Ductal expression of TGF-β was quantified
by absorbance measurements using image analysis. The specificity of staining was confirmed by peptide blocking studies.
Results: All TGF-β isoforms were detected within the cytoplasm of most lymphocytes, endothelial cells,
and ducts in all specimens. Acinar expression was variable and weaker than that seen in ducts.
Absorbance measurements revealed that the expression of all isoforms was greater in ducts within primary SS glands than in control glands. Ductal expression in control parotid glands was greater than
that seen in BLEL glands, irrespective of the presence of adjacent lymphoid infiltrates. Comparisons
between control specimens showed that ductal expression of all isoforms was highest in parotid glands,
whereas no differences were detected between primary SS and BLEL glands. Ki67 positive lymphocytes
and duct cells were mainly restricted to pathological specimens, with BLEL glands containing larger
populations of positive cells than primary SS glands.
Conclusion: These results demonstrate complex and variable changes in ductal expression of TGF-β in
primary SS and BLEL, which may be important in the control of lymphoid infiltration and the proliferation of lymphocytes and ductal epithelium.

jogren’s syndrome (SS) is an autoimmune disease of the
salivary and lachrymal glands and is characterised
microscopically by the infiltration and replacement of the
secretory acini by lymphoid cells.1–3 In addition, salivary ducts
may be modified and become dilated or form islands of
epithelial cells.4–7 Lymphoid infiltration associated with epithelial changes, variously termed benign lymphoepithelial lesion
(BLEL), lymphoepithelial sialadenitis, or myoepithelial sialadenitis (MESA), is relatively uncommon in minor salivary
glands and is more often a feature of major, parotid gland
involvement in SS.6–8 Originally, the term benign lymphoepithelial lesion was used to describe lymphoepithelial changes
in major salivary glands associated with unilateral or bilateral
gland enlargement in the absence of the clinical signs of SS
(dry eyes and mouth).9 10 However, it is now recognised that
lymphoepithelial lesions of salivary glands include a spectrum
of disorders ranging from reactive lymphoid proliferations to
overt B cell lymphomas of mucosal associated lymphoid tissue
type.6–8 Although these lesions are most often associated with
SS and/or other connective tissue disease, they can occur as
isolated salivary gland enlargements in patients without other
associated disease.6
The transforming growth factor β (TGF-β) isoforms are a
family of multifunctional polypeptides that regulate the
proliferation, differentiation, and death of a wide variety of
cell types.11 12 A crucial function of TGF-β in the immune system is the suppression of lymphocyte proliferation and differentiation, thereby preventing inappropriate autoimmune
responses. Thus, the absence of TGF-β1 in “knockout” mice
leads to a self targeting multifocal inflammatory response in
many organs including, the heart, lung, liver, kidneys,
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stomach, pancreas, and salivary glands.13 14 Histologically, the
lymphocyte infiltration of the salivary glands in such
knockout mice is similar to that seen in SS.15 In normal
circumstances, TGF-β facilitates the resolution of inflammation and promotes tissue repair.16 17 However, resolution of
inflammation is crucially dependent upon the concentration
of the growth factor, with excess TGF-β1 within a lesion also
being associated with unresolved inflammation.18 Because SS
is a chronic condition, the degree of expression of TGF-β
within the exocrine glands could be an important factor. In
situ, TGF-β1 is also known to regulate the proliferation of epithelial cells.19–22 Thus, reduced expression could also result in
lack of control of epithelial proliferation and could play a role
in the formation of dilated ducts and epithelial islands, which
are characteristic of both SS and BLEL.
“A crucial function of transforming growth factor β in the
immune system is the suppression of lymphocyte
proliferation and differentiation, thereby preventing
inappropriate autoimmune responses”
Published immunohistochemical studies of the expression of
TGF-β by the glandular epithelium of salivary glands have
.............................................................
Abbreviations: BLEL, benign lymphoepithelial lesion; MESA,
myoepithelial sialadenitis; PBS, phosphate buffered saline; PCR,
polymerase chain reaction; SS, Sjogren’s syndrome; TGF-β, transforming
growth factor β
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Clinical features of the patients with primary Sjogren’s syndrome

Patient

Sex

Age

Ocular
symptoms

Ocular signs

Oral symptoms

Histopathology

Gland
involvement

Autoantibodies

L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15

F
F
F
F
F
F
M
F
F
F
F
F
F
F
F

63
65
68
NK
46
44
42
17
52
35
35
49
36
68
58

NK
+
+
+
+
+
+
+
+
+
+
+
+
+
+

NK
NK
NK
NK
+
NK
NK
NK
NK
+
+
+
NK
NK
NK

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
NK
+
+
NK
+
+
NK
+
+
NK
NK
NK
+

ANF
NK
Ro, La, ANF, RhF
ANF, RhF
Ro, La
Ro, La
NK
Ro, La, ANF
ANF
NK
Ro, La
Ro
Ro, La
Ro, La
NK

Occular symptoms: dry eyes; ocular signs: diminished tear flow and/or measurement of punctate keratitis of the cornea; oral symptoms: dry mouth;
histopathology: focal lymphocyte infiltration of the salivary gland; gland involvement: diminished saliva flow and/or changes in salivary ducts.
Autoantibodies: ANF, antinuclear factor; RhF, rheumatoid factor.
NK, not known.

been limited to TGF-β1 and TGF-β2, have yielded conflicting
results, and have been directed exclusively at minor gland
lesions in SS. Thus, the complete absence of staining in glands
from patients with SS and controls for TGF-β223 has been
reported, as have both increased24 and decreased25 26 expression
of TGF-β1 in specimens from patients. Furthermore, attempts
to investigate TGF-β expression at the mRNA level by in situ
hybridisation27 and the polymerase chain reaction (PCR)28 29
have yielded similar conflicting data.
To date, there have been no studies of the glandular expression of all three TGF-β isoforms in SS, even though they have
known roles in the control of autoimmune reactions, cell proliferation, and the accumulation of lymphocytes within
organs, including the salivary glands. Thus, the purpose of our
immunohistochemical study was to determine the presence
and distribution of all three isoforms of TGF-β in labial
salivary glands from healthy controls and patients with
primary SS to investigate possible differences in growth factor
expression, which might be important in pathogenesis. In
addition, because of the possibility that the epithelial expression of TGF-β might be related to the ductal changes characteristic of BLEL, growth factor expression was also examined
in a small group of BLEL lesions within parotid glands.

MATERIALS AND METHODS
Patients and tissues
Paraffin wax blocks of labial glands (n = 15) showing the
characteristic histopathological features of SS were obtained
from the files of the unit of oral pathology, University of
Birmingham, UK. All patients (mean age, 45.9 years) fulfilled
the European criteria for the diagnosis of primary SS (table
1).3 Although all specimens contained moderate to extensive
periductal lymphocyte foci, only one specimen showed the
ductal changes consistent with a histopathological diagnosis
of BLEL/MESA (fig 1). For comparison, labial glands were
excised from five healthy volunteers (mean age, 42.2 years).
Five paraffin wax blocks of excision specimens of parotid salivary glands, which had been histologically reported as benign
lymphoepithelial lesions in the 1980s, were retrieved from the
files of the unit of oral pathology, University of Birmingham.
These tissues were from female patients with a mean age of
63.4 years (range, 47–77). Two of the patients fulfilled the
European criteria for a diagnosis of SS. The three other
patients presented with parotid gland enlargement in the
absence of sicca symptoms. In the 10 to 20 years since diagnosis, none of the patients had developed lymphoma, although

three had died from unrelated causes. In situ hybridisation for
κ and λ light chain mRNA expression within these tissues
revealed polyclonal B cell populations (κ :λ ratios of 0.9 to
3.4 : 1) in four specimens and a monoclonal population in one
specimen (κ : λ ratio of 22.1 : 1) (GI Mason and JB Matthews,
2000, unpublished observations). This last patient had SS and
was known to have had an IgG paraprotein at the time of
diagnosis.30 For control purposes, five paraffin wax blocks of
parotid gland that had been reported as showing normal histology were also retrieved from the pathology files (mean age,
50.2 years). These glands had been excised because of
recurrent swelling. None of these patients had clinical signs or
symptoms of dry eyes or mouth and none fulfilled the
European criteria for a diagnosis of SS. All specimens were
fixed in neutral buffered formalin (18–24 hours) and
processed via ethanol and xylene to paraffin wax.
Histology and immunohistochemistry
Sections (5 µm thick) were cut for histological examination
and immunocytochemical analysis. Sections were dried at
56°C before being dewaxed in xylene and rehydrated through
a graded alcohol series to phosphate buffered saline (PBS).
Immunocytochemical staining was performed on trypsin
treated sections (0.1% trypsin; Difco trypsin 250; Becton Dickinson, France; 30 minutes at room temperature) using affinity
purified polyclonal antibodies (Santa Cruz Biotechnology,
Santa Cruz, California, USA) to TGF-β isoforms (sc82, sc90,
and sc146) at 0.5–2.0 µg/ml, as described previously.31 Endogenous peroxidase activity was quenched using 3% hydrogen
peroxide in water and non-specific antibody uptake by
proteins was blocked using 20% goat serum in PBS. The
primary antibodies were diluted in PBS containing 1% bovine
serum albumin (Sigma, Poole, Dorset, UK). Immunoperoxidase staining was carried out using a biotin–streptavidin system (StrAviGen; Multilink; Biogenex, San Ramon, California,
USA) and the site of antibody binding was visualised using
diaminobenzidine reagent. When required, the brown reaction
product was darkened using 0.5% CuSO4 in saline (five
minutes) and the sections were counterstained with Meyer’s
haematoxylin. Negative staining controls included omission of
the primary layer and substitution of the primary layer with
PBS. Specificity of the anti-TGF-β isoform antibodies was
confirmed by checkerboard peptide blocking experiments. The
working dilution of each antibody was incubated with a 10
fold excess (wt/wt) of peptide (Santa Cruz) overnight at 4°C
before staining. In all cases, staining was abolished by
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homologous peptide but unaffected by pre-incubation with
peptides corresponding to other isoforms.
Staining for Ki67 antigen was performed using monoclonal
antibody MM1 (Novocastra, Newcastle upon Tyne, UK) in a
similar manner to that described for the TGF-β isoforms
except that microwave antigen retrieval was used instead of
trypsin (citrate buffer, pH 6.0 for 50 minutes).
Evaluation of stained sections
The staining intensity (absorbance) of all ducts within each
labial salivary gland section (range, 6–20 ducts) was measured
at a magnification of ×200 using a Seescan Prism 512 system
(Seescan Imaging Ltd, Cambridge, UK) linked to a Leitz Diaplan microscope and a black and white single chip camera. For
the larger parotid specimens, absorbance measurements were
made on 10 areas of ductal (dilated and collecting duct)
epithelium for each specimen. Measurements were performed
essentially as described previously31–33 on non-counterstained
and non-CuSO4 treated sections. The results from normal
labial salivary glands were compared with those from glands
from patients with primary SS. In BLEL parotid glands, the
staining intensity of the ductal epithelium was measured in
regions associated with confluent lymphocyte infiltrates
(avoiding areas of epithelium containing large numbers of
intraepithelial lymphocytes), and in areas where there were
only isolated foci of lymphocytes and the normal glandular
architecture was maintained. The staining intensity of ductal
epithelium in both these areas was compared with that of
ducts in histologically normal parotid glands.
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Figure 2 Labial gland from a patient with Sjogren’s syndrome
showing lymphoid infiltration and duct dilation stained for (A)
transforming growth factor β1 (TGF-β1), (B) TGF-β2, and (C) TGF-β3.

Statistics
Data were analysed using Minitab version 9.2 and the significance of differences determined using the Mann-Whitney U
test.

RESULTS
All three TGF-β isoforms were detected in the cytoplasm of
most lymphocytes, fibroblasts, endothelial cells, and duct cells
in all labial and parotid glands. Acinar cell expression was usually absent or weak except for a small number of acini in labial
glands from patients with primary SS. The cytoplasm of the few
lymphocytes in normal glands expressed these growth factors,
but in areas containing large periductal lymphocyte foci in primary SS glands, and where there was confluent lymphocyte
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Figure 1. Haematoxylin and eosin stained section of a labial gland
from a patient with Sjogren’s syndrome showing (A) a periductal
focus and (B) an area of more extensive lymphocytic infiltration
associated with a proliferating duct.
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Figure 4 Absorbance measurements of the ductal expression of the
three transforming growth factor β isoforms in labial glands from
patients with primary Sjogren’s syndrome (black bars) and controls
(grey bars).

infiltration in BLEL glands, staining was variable, with some
cells showing strong cytoplasmic expression and others being
negative. In contrast, lymphocytes within duct lumens in BLEL
glands were strongly positive for all three isoforms.
In all specimens, glandular expression of the three isoforms
was more pronounced in ductal epithelium than in acinar cells
and staining for TGF-β3 usually appeared darker than that
seen for TGF-β1 and TGF-β2 (fig 2). Within each isoform,
there were differences in glandular expression of TGF-β
between primary SS and BLEL glands and their corresponding
control tissues. Thus, ductal epithelium in primary SS glands
appeared to stain darker than that of normal control glands
(fig 3; table 2). Absorbance measurements on ductal
epithelium confirmed this observation and showed that

although there was no significant difference in intensity for
TGF-β1 (p = 0.067), staining for both TGF-β2 and TGF-β3
was significantly darker in primary SS glands than in the control glands (p = 0.02 and 0.0012; fig 4). Acinar staining was
variable, with staining being most pronounced in some acini
adjacent to inflammatory cell foci. Subjectively, there was no
difference in ductal staining for the TGF-β isoforms and the
size of the surrounding inflammatory cell infiltrate.
In contrast to labial glands, staining of ductal epithelium in
parotid glands appeared to be darkest in histologically normal
specimens, with staining in BLEL specimens varying according to the presence or absence of lymphoid infiltrates (fig 5;
table 2). Although absorbance measurements confirmed that
ductal staining in normal parotid glands was darker than that
seen in both non-infiltrated and infiltrated areas of the BLEL
glands, the results were only significant for TGF-β1 (p < 0.04
for both areas; fig 6). In a comparison of infiltrated and noninfiltrated areas in the same sections, all three isoforms
showed non-significantly higher mean absorbance values in
infiltrated areas (fig 6).
Although numbers of control tissues were small (n = 5),
there were obvious differences in the ductal expression of the
TGF-β isoforms between labial and parotid glands (table 2).
Absorbance readings confirmed that ductal staining for all
isoforms was greater in histologically normal parotid glands
than in labial glands from healthy control subjects (p < 0.015
for all isoforms). A similar comparison of ductal staining
between primary SS and BLEL tissues revealed no significant
differences.
Because of the potential relation between local expression of
TGF-β and lymphoid and epithelial cell proliferation, sections
from all cases were stained for Ki67 antigen. Ki67 positive lymphocytes were not detected in control glands but were seen in all
BLEL and primary SS glands. Positive cells within primary SS

Table 2 Summary of differences in ductal expression of the transforming growth
factor β (TGF-β) isoforms
p Value
Comparison

Observed difference

TGF-β1

TGF-β2

TGF-β3

pSS v control labial gland
pSS v BLEL
BLEL* v control parotid
BLEL infiltrated v BLEL non-infiltrated
Control labial gland v control parotid
gland

pSS > control
pSS = BLEL
BLEL < control
Infiltrated > non-infiltrated
Parotid > labial

NS
NS
<0.04
NS
<0.015

<0.02
NS
NS
NS
<0.015

<0.0012
NS
NS
NS
<0.015

*TGF-β expression by ducts with and without associated lymphoid foci.
BLEL, benign lymphoepithelial lesion; NS, not significant; pSS, primary Sjogren’s syndrome.
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Figure 3 Ductal staining for
transforming growth factor β3 in
labial glands from (A) a healthy
volunteer and (B) a patient with
primary Sjogren’s syndrome.
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labial glands were scattered throughout the lymphoid infiltrate
and formed a small proportion of the total lymphoid infiltrate
(< 10%). In contrast, large foci of Ki67 positive lymphocytes
within germinal centre-like structures, together with scattered
positive cells, were detected in BLEL glands (fig 7).
Ki67 positive epithelial cells were rarely detected in control
glands and were only occasionally present within the duct
walls of primary SS glands. Such cells were relatively common
in BLEL glands, with walls of dilated ducts containing a large
proportion (20–30%) of cells staining for Ki67.

DISCUSSION
This is the first study to investigate the expression of all three
TGF-β isoforms in labial salivary glands from patients with
primary SS or parotid glands showing normal histology and
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the features of BLEL. The data indicate that alterations occur
in the ductal expression of TGF-β between health and disease
and that there are differences in baseline expression between
labial and parotid glands in health. Thus, ductal expression of
all TGF-β isoforms was increased in primary SS but decreased
in BLEL compared with controls, which themselves differed,
with parotid glands showing higher baseline expression than
labial glands. These results suggest that salivary glands differ
in their requirements for the ductal production of the TGF-β
isoforms for normal physiological function. Furthermore,
upregulation or downregulation of expression levels associated with lymphoid infiltration appear to be dependent upon
the normal baseline for the gland. Thus, the expression of all
TGF-β isoforms in ducts associated with lymphoid foci was
the same in both labial glands and parotid glands.
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Figure 5 Ductal staining for transforming growth factor β1 in a benign lymphoepithelial lesion ((A) non-infiltrated area; (C) area associated
with lymphoid infiltrate) and histologically normal parotid (B, D) glands.
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Except for the report by Koski and co-workers, who investigated TGF-β2,23 all previous studies of the glandular expression of TGF-β protein24–26 or mRNA27–29 in SS have been limited
to TGF-β1 and labial glands. TGF-β2 protein expression could
not be detected in glandular epithelium in health or disease
and the ductal expression of TGF-β1 protein was either
decreased25 26 or increased24 in SS. Furthermore, the only study
of gene expression of the required sensitivity allowing cellular
localisation of TGF-β1 mRNA (that is, microdissection
followed by non-quantitative PCR)29 found no difference
between glands from patients with primary SS and controls.
In terms of TGF-β1 protein expression, the results of our
study agree with those of Cauli and colleagues,24 who showed
increased staining in both acini and ducts of labial glands
from patients with primary SS, and found that ductal staining
was more intense than that of acini. Furthermore, studies of
TGF-β1 mRNA expression by conjunctival epithelium in SS
associated keratoconjunctivitis sicca found raised concentrations when compared with healthy controls.34 It is difficult to
reconcile these results with the two reports indicating reduced
ductal expression of TGF-β1 in SS,25 26 particularly because
one25 appears to use the same anti-TGF-β1 peptide antibody
that we used, albeit on frozen sections. The other study found
an inverse relation between the intensity of TGF-β1 staining
and the size of the surrounding inflammatory cell infiltrate.26
The fact that most of our specimens contained small to
medium sized lymphoid foci cannot explain the difference in
results because the expression in control glands was lower.
The possibility that alterations of glandular expression of
the TGF-β isoforms might be reflected in salivary cytokine
values has not been investigated. Indeed, the only published
data on salivary concentrations of TGF-β1 appear in a technical paper reporting a new quantification method,35 and
indicate that pilocarpine stimulated saliva from rats contains
approximately half the amount of TGF-β1 found in plasma
(about 4 ng/ml saliva).
“In benign lymphoepithelial lesion glands, reduced glandular expression of tumour growth factor β1 might
explain the presence of large lymphoid infiltrates and the
high degree of both lymphocyte and epithelial cell proliferation”
It is now clear that TGF-β1 is important in the control of the
immune system and has multiple functions, including
suppression of the growth and differentiation of B and T cells,
control of autoimmune reactions, and the accumulation of
lymphocytes within organs.12–14 36 However, TGF-β1 is known
to have multiple cellular targets and can regulate the growth
and differentiation of non-immune cells, including epithelium. The relation between TGF-β1 expression and epithelial

Figure 7 Ki67 positive cells within the lymphoid infiltrates of (A)
Sjogren’s syndrome labial and (B, C) benign lymphoepithelial lesion
(BLEL) parotid glands. Proliferating cells are found within germinal
centre-like structures within the extensive infiltrates (B) and the duct
walls of BLEL specimens (C).

www.molpath.com

Mol Path: first published as 10.1136/mp.56.1.59 on 1 February 2003. Downloaded from http://mp.bmj.com/ on September 24, 2020 by guest. Protected by copyright.

Figure 6 Absorbance measurements of the ductal expression of the
three transforming growth factor β isoforms in benign
lymphoepithelial lesion parotid glands in areas with (black bars) and
without (dark grey bars) associated lymphoid infiltrates and control
glands (light grey bars).
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Take home messages
• The ductal expression of all transforming growth factor β
(TGF-β) isoforms was increased in primary Sjogren’s
syndrome (SS) but decreased in benign lymphoepithelial
lesions (BLEL) compared with controls
• In control tissue, the parotid glands showed higher baseline
expression of TGF-β than did the labial glands
• These alterations in the ductal expression of TGF-β may be
important in the control of lymphoid infiltration and the proliferation of lymphocytes and ductal epithelium

interactions in vitro. Furthermore, with the rapid advances in
laser capture microdissection, gene array technology, and proteomics it should be possible to combine the techniques to
evaluate in vivo, cell specific differences in TGF-β gene and
protein expression in salivary glands from patients with SS
and BLEL.39–41
In conclusion, our study has shown a variety of differences
in ductal TGF-β expression between health and disease and
between minor and major glands in health and disease. Confirmation of whether these complex changes in the ductal
expression of TGF-β in primary SS and BLEL are important in
the control of lymphoid infiltration and the proliferation of
lymphocytes and ductal epithelium await further study.
.....................
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cell proliferation is clearly shown in rat intestinal crypt
epithelium, where values are lowest in the proliferative crypt
zone and highest in the portion of the crypt villus unit characterised by the absence of mitotic activity.19 It is likely that epithelially derived TGF-β1 is important for the normal
functioning of salivary glands and the regulation of the
resident/transient lymphoid population, in addition to the
growth and proliferation of parenchymal cells.
In BLEL glands, reduced glandular expression of TGF-β1
might explain the presence of large lymphoid infiltrates and
the high degree of both lymphocyte and epithelial cell proliferation. Such a relation in terms of ductal epithelium could be
important in the formation of both dilated ducts and epithelial islands, which are characteristic features of BLEL.
Interestingly, the mean TGF-β1 absorbance of epithelium in
primary SS glands was higher (not significant) than that seen
in control labial glands, and was similar to that seen in ducts
within BLEL glands. The greatest difference in glandular
TGF-β1 expression was between the two sets of control
tissues, with parotid glands showing significantly higher ductal absorbance readings than labial glands. If TGF-β1 derived
from salivary ducts is important in the glandular changes seen
in primary SS and BLEL, the data suggest that it may play different roles in different glands and may reflect normal, baseline expression or be modulated by the activities of the other
isoforms or other cytokines. Thus, the characteristic presence
of epithelial islands in BLEL with extensive lymphocyte and
epithelial cell proliferation is associated with a significant
reduction in ductal TGF-β1 from normal high (with respect to
labial glands) baseline values. In contrast, the changes within
labial glands in primary SS are associated with an increase in
TGF-β values to those seen in BLEL from a low normal baseline level of expression.
Although the activities of TGF-β1 have been investigated
extensively, relatively little is known about the other two
human isoforms, except that TGF-β3 moderates the effect of
TGF-β1 in that it inhibits fibrosis and scarring.37 Glandular
changes in TGF-β2 and TGF-β3 expression essentially
reflected those found for TGF-β1 and were more pronounced
in primary SS than in BLEL. These differential changes in isoform expression within and between glands are difficult to
interpret because of our lack of knowledge about the
functional activities and interactions of the different isoforms,
and because comparisons between isoforms are invalid as a
result of the fact that absorbance readings are not directly
related to the absolute amounts of TGF-β present.
It is possible that the differences in TGF-β expression seen
in our immunohistochemical study might simply reflect the
local disease process within the glands rather than indicating
that TGF-β has an active role in pathogenesis. However, the
fact that ducts in BLEL parotid glands showed similar reductions in TGF-β1 staining, irrespective of whether they were
associated with lymphoid foci, suggests that changes in glandular growth factor expression precede local inflammatory
cell infiltration. This possibility would agree with the data
from the TGF-β1 knockout mouse model13–15 and the concept
that reduced ductal TGF-β1 expression results in lymphoid
infiltration and epithelial proliferation. Unfortunately, because of the small size of labial gland biopsy specimens, the
numbers of ducts not associated with inflammatory cell infiltrates were small and similar data could not be collected.
Further studies are required to confirm these results and to
clarify the potential role of the TGF-β isoforms in the
pathogenesis of the salivary gland changes characteristic of SS
and BLEL. Cell culture studies using a recently published system for the long term culture of non-neoplastic salivary gland
epithelial cells38 could provide information on baseline values
of TGF-β mRNA expression and protein production in health
and disease. This system has also been used for epithelial cell–
lymphocyte co-culture experiments, which would offer a
means of investigating a variety of functional and molecular
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n Australian study is the first to question routine use in asthma research of two genes widely used
for standardising quantitative mRNA assays. The expression of β actin and glyceraldehyde-3phosphate dehydrogenase (GAPDH) needs careful validation first, say the researchers.
They used a reverse transcriptase (RT)-PCR method that does not rely on internal standards to measure β actin and GAPDH mRNA in bronchiolar lavage (BAL) fluid cells and bronchial biopsy samples from
92 asthmatic and 26 normal control volunteers.
Correlation coefficients for amounts of β actin and GAPDH mRNA indicated that expression was not
comparable at the resolution of the method. GAPDH mRNA varied among biopsy samples and was about
five times lower in BAL fluid cells than β actin mRNA. Furthermore, asthmatic subjects showed lower β
actin and GAPDH expression overall, but not using inhaled corticosteroids resulted in tenfold lower
GAPDH than in the controls and subjects who did. This was also true for β actin mRNA in BAL fluid cells.
β actin and GAPDH mRNA were expressed similarly in biopsy material, and regardless of whether inhaled
corticosteroids were used or not.
Interleukin (IL)-2 mRNA expression was similar in BAL fluid cells from asthmatic and control groups,
but it showed significant differences between asthmatic subjects who did not use inhaled corticosteroids
and controls and subjects who did when expressed relative to β actin, owing to that gene’s non-uniform
expression.
Use of β actin and GAPDH genes as internal standards assumes uniform and constant expression, but
they are probably regulated differently.
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