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a b s t r a c t

CD91 molecule is a multifunctional receptor of alpha 2-macroglobulin, heat-shock proteins and calre-
ticulin. CD91 has been implicated in cross-presentation of peptides chaperoned by these proteins to MHC
molecules, thus eliciting antigen-specific immune responses. Hence, CD91 is considered as a major
regulator of innate and acquired immune responses. Herein, we show that CD91 molecules are expressed
by human salivary gland epithelial cells (SGEC), as indicated by immunohistochemical studies in minor
salivary gland biopsy tissues (n ¼ 21) as well as by the analyses of human long-term cultured non-
neoplastic SGEC lines (n ¼ 11) and the neoplastic HSG cell line. In these cell lines CD91 expression was
evaluated by RT-PCR, flow cytometry and confocal microscopy. Standard internalization assays revealed
that HSG and SGECs are capable to bind and internalize the CD91 ligand alpha 2-macroglobulin. This
internalization is specific, as attested by inhibition studies using unlabeled alpha 2-macroglobulin and
a blocking antibody against human CD91 receptor. Conclusively, our findings indicate that SGEC func-
tionally express CD91 receptor, suggesting that this pathway might be involved in the presentation of
exogenous antigens in SGEC.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

CD91 is a multifunctional receptor that binds and internalizes
numerous, structurally diverse ligands, thus participating in
a broad spectrum of physiological cellular processes [1–5]. Initially,
CD91 was identified as a member of the low-density lipoprotein
receptor family (low-density lipoprotein receptor-related protein,
LRP1) possessing an active role in lipid metabolism, and subse-
quently as a receptor of activated alpha 2-macroglobulin (alpha
2-macroglobulin receptor, A2MR) [1,2,6]. During the last decade,
CD91 was recognized as a major sensor of innate immunity. It is the
common receptor that in classical antigen-presenting cells medi-
ates the internalization of heat-shock proteins (such as gp96, hsp70
and hsp90) and calreticulin leading to the cross-presentation of the
peptides carried by these proteins and thus, eliciting specific innate
and adaptive immune responses against these peptides [6–10]. The
interaction of CD91 with the chaperone protein calreticulin is of
special interest, since it is the main pathway for clearance of
apoptotic cells [8,11–13].

Due to its diverse roles, CD91 expression and distinct functions
have been investigated in a variety of cell types. The expression of
: þ30 210 7462664.
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CD91 receptor in human and mouse monocytes and dendritic cells
and its key role in the phagocytosis of apoptotic cells and cross-
presentation of antigenic peptides is well-established [6–12],
whereas CD91 receptor has been shown to participate in the phago-
cytic capacity of mouse neoplastic mammary epithelial cells [14].
Furthermore, CD91 receptor has been implicated in the migration/
invasion of human keratinocytes and retinal pigment cells [15,16].

Emerging evidence supports the notion that human salivary
gland epithelial cells (SGECs) are key regulators of the local
immune responses in patients with Sjögren’s syndrome (SS). Over
the last decade studies have shown that long-term cultured SGECs
constitutively express several immunoreactive molecules that are
implicated in antigen-presentation, lymphoid cell recruitment and
activation, and innate responses [17–20]. Due to the foremost role
of CD91 in the trafficking of innate receptors and the presentation
of their chaperoned peptides, we sought to study its expression by
human salivary gland epithelial cells, including the neoplastic HSG
cell line, as well as long-term cultured non-neoplastic SGECs. In
addition, the in-situ expression of CD91 receptor by SGEC was
examined in minor salivary gland (MSG) biopsy samples from SS
patients and controls. Furthermore, the function of CD91 molecules
was investigated by the cell binding and internalization of
methylamine-activated FITC-labeled alpha 2-macroglobulin, a well
known ligand of CD91.
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2. Materials and methods

2.1. Reagents

Unconjugated or fluorescein isothiocyanate (FITC)-conjugated
mouse monoclonal antibody against human CD91 (clone A2Mr
alpha-2) were purchased from Serotec (Oxford, UK) and the iso-
type-matched control MoAb was purchased from BD-Biosciences
(San Jose, CA, USA). Unlabeled and FITC-labeled methylamine-
activated alpha 2-macroglobulin (alpha 2-macroglobulin-MA) was
obtained from BioMac (Leipzig, Germany).

2.2. Cell cultures and biopsy specimens

Non-neoplastic, long-term cultured SGEC lines (n ¼ 11) were
established from minor salivary gland (MSG) biopsy samples
obtained from patients undergoing diagnostic evaluation, as
previously described [21]. Six of these SGEC lines were established
from patients that were diagnosed as SS according to the Amer-
ican–European classification criteria [22], whereas five from sicca-
complaining individuals that did not fulfill the above-mentioned
criteria and did not exhibit histopathologic or serological features
consistent with SS (referred hereafter as controls). Informed
consent from all participants and regional hospital ethical
committee approval were received for this study. The purity and
epithelial origin of cultured SGEC lines was routinely verified by
morphology, the uniform expression of epithelial-specific markers
and the absence of markers indicative of lymphoid/monocytoid
cells [21]. Distinct SGEC lines have not been found to differ in
morphological features, proliferation rate or survival [21].

The human salivary gland (HSG) cell line was purchased from
European Collection of Cell Cultures (ECACC No. 95031024, Salis-
bury, UK) and was maintained in MEM medium supplemented with
1% NEAA, 10% fetal bovine serum (FBS), L-glutamine (2 mM), peni-
cillin (50 U/ml), and streptomycin (50 mg/ml) (all purchased from
Invitrogen, Carlsbad, CA, USA).

Peripheral blood mononuclear cells (PBMC) and peripheral
blood monocytes (analyzed by differential gating of PBMCs based
on appropriate forward and side scatter parameters, as well as in
positive staining for CD14 molecule) were used as a positive control
population for CD91 expression. PBMC were separated from
healthy donors (n¼ 3) by density-gradient centrifugation on Ficoll/
Paque (Amersham-Pharmacia Biotech, Uppsala, Sweden).

Labial MSG biopsy tissues obtained from twelve SS patients and
nine individuals complaining for dry mouth, but with negative MSG
biopsy, were studied immunohistochemically for CD91 expression.
Subcutaneous abdominal white adipose and tonsil tissues were
obtained after informed consent from patients undergoing
abdominal surgery and tonsillectomy, respectively, at the Depart-
ment of Surgery of Laiko Hospital (Athens, Greece) and served as
positive control tissues.

2.3. Reverse transcription–polymerase chain reaction (RT–PCR)

Total RNAwas extracted with the RNeasy mini kit (Qiagen, Valencia,
CA, USA). 0.5 mg RNA was reversed transcribed using oligo(dT) primers
(Eurofins-MWG-Operon; Ebersberg, Germany) and the Superscript-II
reverse transcriptase (Invitrogen). The specific primer sets (Eurofins-
MWG-Operon) used for the amplification of CD91 were: forward: 50- C
ACCTTAACGGGAGCAATGT-30, reverse: 50- GTTTCCCAGTCGGTCCAGTA-
30 (producing a 494-bp amplicon). The integrity of all cDNA samples
was tested by RT-PCR for beta-actin mRNA using the following
primers: forward: 50-TTCTACAATGAGCTGCGTGTG-30, reverse: 50- CGA
TGCCAGTGGTACGG-30, (187-bp product). The PCR included an initial
denaturation step at 95 �C for 5 min, 33 cycles of 95 �C for 45-sec, 57 �C
for 1-min and 72 �C for 1-min followed bya final extension step at 72 �C
for 10-min. The amplified fragments were size-separated in 1.5%
agarose gel containing ethidium bromide and visualized on a Vilber
Lourmat ultraviolet photo-system (Marne La Valle’e, France). The
amplified products were isolated by the QIAquick gel extraction kit
(Qiagen) and identified by automated sequencing (Eurofins-MWG-
Operon).

2.4. Flow cytometry

To analyze surface CD91 expression at least 5 � 104 cells were
stained with FITC-conjugated anti-CD91 or isotype-matched
control mAbs, as previously described [19]. For analysis of the
intracellular expression, prior to staining, the cell membranes were
permeabilized by FACS permeabilizing solution (BD-Biosciences),
according to manufacturer’s instructions. In certain experiments,
the capacity of CD91 receptor that is expressed by epithelial cells to
bind its main ligand, alpha 2-macroglobulin, was assessed by
staining with FITC-labeled alpha 2-macroglobulin-MA (100 mg/ml).
The specificity of reaction was confirmed by inhibition with unla-
beled methylamine-activated alpha 2-macroglobulin (20-fold
excess) or anti-CD91 (2-fold excess) antibody and by negative
staining with an FITC-labeled irrelevant protein (human oval-
bumin). Analyses were performed using the FACSCalibur flow
cytometer and CellQuest software (BD-Biosciences). Mean fluo-
rescence intensity values obtained by staining with specific mAbs
were corrected by the subtraction of background values (isotype-
control mAbs) [19].

2.5. Confocal microscopy

The analysis of CD91 expression by epithelial cells using
confocal microscopy was performed in cells grown in 16-well
chamber slides (Nunc Inc., Napierville, IL) by standard technique.
Briefly, cells were fixed with methanol for 10 min followed by
acetone for 2 min at �20 �C. Nonspecific antibody binding was
blocked by incubation with 2% non-immune fetal bovine serum.
Staining was performed by overnight incubation with FITC-
conjugated anti-human CD91 or isotype-matched control anti-
bodies at 4 �C in a humidified chamber. Unstained cells were
routinely used in confocal analyses for the standardization of the
excitation/emission filter sets in order to exclude cell auto-
fluorescence. Images were acquired by a Leica TCS-SP5 confocal
microscope.

2.6. Immunohistochemical analysis

The expression of CD91 was analyzed in formalin-fixed paraffin-
embedded MSG biopsy tissue sections (5 mm) by a standard
immunoperoxidase technique using the EnVision system (Dako,
Glostrup, Denmark). Antigen retrieval was performed by micro-
waving in 10 mM citrate buffer (pH 6.0). Non-immune fetal bovine
serum (2%) and 0.5% H2O2 in methanol were used to block
nonspecific antibody binding and endogenous peroxidase activity,
respectively. Negative-control staining was performed by replacing
primary with irrelevant isotype-matched antibodies. Biopsy
sections were counterstained with hematoxylin, dehydrated and
mounted in DPX (BDH, Chemicals, Poole, UK).

2.7. Uptake of FITC-labeled alpha 2-macroglobulin-MA

A standard internalization assay was employed to assess the
functionality of CD91 receptor. This method enables the binding of
the labeled ligand at 4 �C and the monitoring of its internalization
for increasing time intervals at 37 �C. Briefly, cells were grown in
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16-well chamber slides. At confluence, cells were washed
twice with serum-free KBM culture medium and incubated with
100 mg/mL of FITC-labeled alpha 2-macroglobulin-MA or FITC-
labeled irrelevant protein (human ovalbumin, which served as
negative control) in serum-free KBM culture medium for 30 min at
4 �C, followed by incubation for different time points (0, 5, 10,
15 min) at 37 �C. Subsequently, cells were washed with phosphate-
buffered saline, fixed with methanol for 10 min at �20 �C and
mounted in an anti-fading mounting medium (INOVA Diagnostics,
San Diego, CA, USA). For inhibition experiments, cells were either
incubated with 100 mg/mL of anti-human CD91 monoclonal anti-
body for 1 h prior to the addition of FITC-labeled alpha 2-macro-
globulin-MA or with a mixture of labeled and unlabeled alpha
2-macroglobulin-MA in a molar ratio of 1:10 for competitive
assessment of ligand internalization. The alpha 2-macroglobulin
ligand uptake was documented by confocal microscopy analysis.

3. Results

3.1. Expression of CD91 receptor in salivary gland epithelial cells

The expression of CD91 mRNA was readily detected in the
neoplastic HSG epithelial cell line, as well as in all the long-term
Fig. 1. CD91 receptor is expressed by salivary gland epithelial cells. A. Representative examp
human peripheral blood mononuclear cells (PBMC), HSG cell line and SGECs established fro
served as a control for the evaluation of cDNA integrity. B. Representative example of surface
cells and SGECs derived from a control individual (CT) and an SS patient (SS), as assessed by fl
histogram represents the staining with the isotype-control antibody. C. Representative exa
from a control individual (CT) and an SS patient (SS), as assessed by confocal microscopy usi
results to absence of fluorescence signal, is also shown (lower panel). (Original magnificati
cultured non-neoplastic SGEC lines (n ¼ 6) examined, as indicated
by the amplification of a product of the expected molecular size
(494 bp) in all the cell lines tested using a specific RT-PCR (Fig. 1A).
Sequencing analysis confirmed that the product corresponded to
CD91 mRNA (data not shown). Flow cytometric analysis indicated
low, but definite, constitutive surface expression of CD91 protein by
HSG and SGEC (n ¼ 11) (Fig. 1B), whereas peripheral blood mono-
cytes exhibited high surface CD91 staining (Fig. 1B). Intracellular
staining revealed significant constitutive intracellular expression of
CD91 receptor in all the cell lines tested (Fig. 1B). No differences
were observed in the expression of CD91 by SGEC lines obtained
from patients with primary SS (n ¼ 6) or control individuals (n ¼ 5)
(data not shown). Analysis of protein expression by confocal
microscopy further confirmed the expression of CD91 receptor by
HSG and SGEC cell lines (Fig. 1C). Treatment of salivary gland
epithelial cells with IFNg did not have any effect on the constitutive
expression of CD91 (data not shown).

Subsequently, we examined whether epithelial CD91 expression
occurs in-situ in MSG tissues. The immunohistochemical analysis
revealed definite expression of CD91 receptor in ductal, but not in
acinar, epithelial cells of salivary glands (Fig. 2). Similar expression
pattern by the epithelia was detected in MSG tissues obtained from
pSS patients or controls (Fig. 2). The mononuclear cells that
le of agarose gel electrophoresis showing the amplification of CD91 mRNA by RT-PCR in
m a control individual (CT) and an SS patient (SS). The amplification of b-actin mRNA
and intracellular expression of CD91 protein by peripheral blood (PB) monocytes, HSG
ow cytometry using a FITC-conjugated anti-CD91 mAb (black line). The light grey-filled

mple of expression of the CD91 receptor by the HSG cell line and SGEC lines obtained
ng a FITC-conjugated anti-CD91 mAb. Staining with an isotype-control antibody, which
on: � 400).



Fig. 2. Representative example of immunohistochemical detection of CD91 receptor expression at minor salivary gland (MSG) tissues obtained from SS patients (A) and control
individuals (B). Positive CD91 staining is detected on ductal salivary gland epithelial cells of SS and controls (indicated by arrows), as well as on the mononuclear cells (arrowheads)
that infiltrate the MSG tissues of SS patients. No differences were observed in the expression of CD91 by ductal epithelia in SS and controls. Absence of staining of MSG tissues with
an isotype-matched control antibody (C, D) (Original magnification x 400).
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infiltrate the inflamed MSG tissues of SS patients were also positive
for CD91 staining. Adipose and tonsil tissues were used as control
tissues for antibody optimization (data not shown).
3.2. Salivary gland epithelial cells express a functional
CD91 receptor

To investigate the ability of epithelial CD91 receptor to function
and mediate cell-endocytosis, we evaluated using two methods the
capacity of salivary gland epithelial cells to bind and internalize one
of the major CD91 ligands, the alpha 2-macroglobulin. Flow cyto-
metric analysis revealed that FITC-labeled alpha 2-macroglobulin
binds to CD91-expressing HSG and SGEC cells (Fig. 3A), whereas
FITC-labeled human ovalbumin does not (data not shown). This
binding was specific and was mediated by the CD91 receptor, since
it was inhibited by an inhibitory anti-CD91 mAb or unlabeled alpha
2-macroglobulin (Fig. 3A). Approximately 29% inhibition of alpha
2-macroglobulin staining was achieved by both blocking reagents.
Furthermore, a standard internalization assay further confirmed
that CD91 receptor expressed by HSG and SGEC cells is functional
and capable of mediating an endocytic pathway of ligand inter-
nalization (Fig. 3B). Thus, confocal microscopy analysis of HSG and
SGEC cells revealed that FITC-labeled alpha 2-macroglobulin
localized at the cellular membrane at 0 min and 5 min. However,
a punctuate fluorescence pattern, which indicated that CD91 ligand
was distributed into discrete vesicular compartments of the cyto-
plasm, was detected at 10 and 15 min (Fig. 3B). This procedure was
specific, since it was completely inhibited by the pre-treatment of
cells with either an inhibitory monoclonal antibody against CD91 or
by an excess fold of unlabeled alpha 2-macroglobulin (Fig. 3B), but
not by an isotype matched monoclonal antibody or FITC-labeled
human ovalbumin (data not shown). Furthermore, in parallel
experiments FITC-labeled human ovalbumin was not found able to
bind on SGEC or HSG cells (data not shown).

It is not clear why the alpha 2-macroglobulin surface staining of
epithelial cells is only partially inhibited by blocking agents,
whereas its internalization by the same cells is completely inhibi-
ted. Binding of alpha 2-macroglobulin in additional surface recep-
tors that do not mediate its internalization and/or high trafficking
rates of surface CD91 receptor might participate. No differences
were observed in the internalization of alpha 2-macroglobulin by
SGEC lines obtained from SS patients or control individuals.
4. Discussion

In this study, we show for the first time that the CD91 receptor is
constitutively expressed in human salivary gland epithelial cells.
Despite the low constitutive surface expression of CD91 receptor in
salivary gland epithelial cells, it was able to specifically mediate the
internalization of its ligands. The similar pattern of CD91 expres-
sion by ductal epithelial cells in inflamed or non-inflamed MSG
tissues suggests that its expression is not modulated by the
inflammatory microenvironment. The regulation of CD91 expres-
sion in other inflammatory disorders remains elusive. Recent
findings have shown high membrane CD91 expression on synovial
tissue in rheumatoid arthritis [23], whereas it has been reported
that CD91þ-dendritic cells juxtaposed to keratinocytes expressing
excess heat-shock proteins (HSPs) in psoriatic plaques [24]. In
addition, up-regulated monocytic CD91 expression has been
correlated with slow progression in melanoma patients [25],
whereas low CD91 expression has been reported in long-term non-
progressing HIV-1-infected patients [26].

CD91 receptor and its interaction with cell-products of apoptotic
or necrotic cells, such as heat-shock proteins and calreticulin, place



Fig. 3. The CD91 molecules that are expressed by salivary gland epithelial cells bind and internalize FITC-conjugated alpha 2-macroglobulin. A. Flow cytometric analysis shows that
CD91-expressing SGECs (first histogram; CD91 staining is displayed by the black-line) are stained with FITC-conjugated alpha 2-macroglobulin (a2M; second histogram). The a2M-
staining of epithelial cells is inhibited by pre-incubation with either an inhibitory anti-CD91 antibody (a2M/anti-CD91 mAb; third histogram) or unlabeled a2M (a2M/a2M; fourth
histogram). In the second to fourth panels the dark grey-filled histograms represent the staining with FITC-conjugated a2M. The black-lined histogram in the third and fourth panel
corresponds to staining with FITC-conjugated a2M after inhibition with either an inhibitory anti-CD91 mAb or unlabeled a2M, respectively. Staining with an isotype-control
antibody is also shown (light grey-filled histograms). A representative of two experiments is shown. B. Representative example of confocal microscopy analysis of the FITC-
conjugated alpha 2-macroglobulin uptake by HSG or SGEC cell lines in different time intervals (0, 5, 10, 15 min). Cells were pre-incubated with FITC-conjugated alpha 2-macro-
globulin (a2M) to enable binding of a2M on the cell surface for 30 min at 4 �C (shown at 0 min). The cell-surface bonded a2M is internalized at the next time points leading to
a punctuate cytoplasmic staining of epithelial cells at 15-min. The radical loss of the cytoplasmic staining that is observed after the 15-min incubation in cells pre-treated with either
an inhibitory anti-CD91 mAb (second panel from the bottom) or unlabeled a2M (last panel) indicates that the uptake of a2M by HSG and SGEC is a specific process mediated by
CD91 receptor. The right part of each figure represents the differential interference contrast (DIC) images of the same area (Original magnification � 400).
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it as a central regulator of innate responses. Furthermore, the ability
of CD91 to mediate the cross-presentation of the peptides carried
by CD91 ligands to MHC molecules and thus, to elicit specific
immune responses against them, suggests that this pathway might
participate in the presentation of autoantigens released during
apoptotic procedures to the immune system. Under this perspec-
tive, epithelial CD91 pathway might be implicated in the regulation
of local immune responses. Elevated cell death occurs in the sali-
vary glands of SS patients, resulting in the release of apoptotic
material including autoantigens [27–30]. Thus, despite the fact that
similar ductal CD91 expression was detected in SS patients and
controls, in conditions of chronic inflammation, such as SS, the
epithelial CD91 might mediate the endocytosis and presentation of
completely distinct materials than in controls. Hence, this pathway
might be implicated in the differential activation of SGEC in SS
patients.

In this context, the interaction of CD91 receptor with calreticulin
is of note. CD91 receptor/calreticulin pathway has been considered
to play a key role in the removal of apoptotic cells [8,11–13]. Cal-
reticulin is a molecular chaperone with diverse functions. It has the
capacity to form complexes with antigenic peptides, which in turn
are loaded to MHC molecules by CD91 receptor and become
immunogenic. The co-localization of calreticulin and Ro/SSA auto-
antigen in apoptotic blebs suggests that calreticulin possibly
participates in the Ro/La ribonucleoprotein complex [31,32], which
is the major target of autoimmune responses in SS and systemic
lupus erythematosus. Furthermore, calreticulin specifically binds to
the major linear epitopes of the Ro60 autoantigen and results in
enhanced Ro60-peptide antigenicity [33–35]. Thus, it would be
tempting to hypothesize that the CD91 expressed by SGEC in SS
participates in the antigen-presentation of Ro-autoantigens via
interaction with the calreticulin pathway.

Acknowledgements

We are grateful to Dr. Stamatis Pagakis and Dr. Eleni Rigana of
the Biological Imaging Unit at the Biomedical Research Foundation
for their excellent assistance with confocal imaging. The study is
part of the 01ED164 research project, implemented within the
framework of the ‘‘Reinforcement Programme of Human Research



E. Bourazopoulou et al. / Journal of Autoimmunity 33 (2009) 141–146146
Manpower’’ (PENED) and co-financed by E.U.-European Social Fund
(75%) and the Greek Ministry of Development-GSRT (25%), as well
as by the Lilian Voudouri Foundation.

References

[1] Herz J, Strickland DK. LRP: a multifunctional scavenger and signaling receptor.
J Clin Invest 2001;108:779–84.

[2] May P, Herz J, Bock HH. Molecular mechanisms of lipoprotein receptor sig-
nalling. Cell Mol Life Sci 2005;62:2325–38.

[3] Dedieu S, Langlois B. LRP-1: a new modulator of cytoskeleton dynamics and
adhesive complex turnover in cancer cells. Cell Adh Migr 2008;2:77–80.

[4] Gaultier A, Wu X, Le Moan N, Takimoto S, Mukandala G, Akassoglou K, et al.
Low-density lipoprotein receptor-related protein 1 is an essential receptor for
myelin phagocytosis. J Cell Sci 2009;122:1155–62.

[5] Spijkers PP, Denis CV, Blom AM, Lenting PJ. Cellular uptake of C4b-binding
protein is mediated by heparan sulfate proteoglycans and CD91/LDL receptor-
related protein. Eur J Immunol 2008;38:809–17.

[6] Gonias SL, Wu L, Salicioni AM. Low density lipoprotein receptor-related
protein: regulation of the plasma membrane proteome. Thromb Haemost
2004;91:1056–64.

[7] Anderson RB, Cianciolo GJ, Kennedy MN, Pizzo SV. Alpha 2-macroglobulin
binds CpG oligodeoxynucleotides and enhances their immunostimulatory
properties by a receptor-dependent mechanism. J Leukoc Biol 2008;83:
381–92.

[8] Basu S, Binder RJ, Ramalingam T, Srivastava PK. CD91 is a common receptor for
heat shock proteins gp96, hsp90, hsp70, and calreticulin. Immunity 2001;14:
303–13.

[9] Binder RJ, Vatner R, Srivastava P. The heat-shock protein receptors: some
answers and more questions. Tissue Antigens 2004;64:442–51.

[10] Tobian AA, Canaday DH, Boom WH, Harding CV. Bacterial heat shock proteins
promote CD91-dependent class I MHC cross-presentation of chaperoned
peptide to CD8þ T cells by cytosolic mechanisms in dendritic cells versus
vacuolar mechanisms in macrophages. J Immunol 2004;172:5277–86.

[11] Ogden CA, deCathelineau A, Hoffmann PR, Bratton D, Ghebrehiwet B,
Fadok VA, et al. C1q and mannose binding lectin engagement of cell surface
calreticulin and CD91 initiates macropinocytosis and uptake of apoptotic cells.
J Exp Med 2001;194:781–95.

[12] Vandivier RW, Ogden CA, Fadok VA, Hoffmann PR, Brown KK, Botto M, et al.
Role of surfactant proteins A, D, and C1q in the clearance of apoptotic cells in
vivo and in vitro: calreticulin and CD91 as a common collectin receptor
complex. J Immunol 2002;169:3978–86.

[13] Gardai SJ, McPhillips KA, Frasch SC, Janssen WJ, Starefeldt A, Murphy-
Ullrich JE, et al. Cell-surface calreticulin initiates clearance of viable or
apoptotic cells through trans-activation of LRP on the phagocyte. Cellule
2005;123:321–34.

[14] Monks J, Rosner D, Geske FJ, Lehman L, Hanson L, Neville MC, et al. Epithelial
cells as phagocytes: apoptotic epithelial cells are engulfed by mammary
alveolar epithelial cells and repress inflammatory mediator release. Cell Death
Differ 2005;12:107–14.

[15] Cheng CF, Fan J, Fedesco M, Guan S, Li Y, Bandyopadhyay B, et al. Transforming
growth factor alpha (TGFalpha)-stimulated secretion of HSP90alpha: using the
receptor LRP-1/CD91 to promote human skin cell migration against a TGFbeta-
rich environment during wound healing. Mol Cell Biol 2008;28:3344–58.

[16] Hollborn M, Birkenmeier G, Saalbach A, Iandiev I, Reichenbach A, Wiedemann P,
et al. Expression of LRP1 in retinal pigment epithelial cells and its regulation by
growth factors. Invest Ophthalmol Vis Sci 2004;45:2033–8.

[17] Dimitriou ID, Kapsogeorgou EK, Moutsopoulos HM, Manoussakis MN. CD40 on
salivary gland epithelial cells: high constitutive expression by cultured cells
from Sjogren’s syndrome patients indicating their intrinsic activation. Clin Exp
Immunol 2002;127:386–92.
[18] Kapsogeorgou EK, Dimitriou ID, Abu-Helu RF, Moutsopoulos HM, Manoussakis MN.
Activation of epithelial and myoepithelial cells in the salivary glands of patients
with Sjogren’s syndrome: high expression of intercellular adhesion molecule-1
(ICAM.1) in biopsy specimens and cultured cells. Clin Exp Immunol 2001;
124:126–33.

[19] Kapsogeorgou EK, Moutsopoulos HM, Manoussakis MN. Functional expression
of a costimulatory B7.2 (CD86) protein on human salivary gland epithelial cells
that interacts with the CD28 receptor, but has reduced binding to CTLA4. J
Immunol 2001;166:3107–13.

[20] Spachidou MP, Bourazopoulou E, Maratheftis CI, Kapsogeorgou EK,
Moutsopoulos HM, Tzioufas AG, et al. Expression of functional Toll-like receptors
by salivary gland epithelial cells: increased mRNA expression in cells derived
from patients with primary Sjogren’s syndrome. Clin Exp Immunol 2007;
147:497–503.

[21] Dimitriou ID, Kapsogeorgou EK, Abu-Helu RF, Moutsopoulos HM,
Manoussakis MN. Establishment of a convenient system for the long-term
culture and study of non-neoplastic human salivary gland epithelial cells. Eur J
Oral Sci 2002;110:21–30.

[22] Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander EL, Carsons SE,
et al. Classification criteria for Sjogren’s syndrome: a revised version of the
European criteria proposed by the American-European Consensus Group. Ann
Rheum Dis 2002;61:554–8.

[23] Hromadnikova I, Nguyen TT, Zlacka D, Sedlackova L, Popelka S, Veigl D, et al.
Expression of heat shock protein receptors on fibroblast-like synovial cells
derived from rheumatoid arthritis-affected joints. Rheumatol Int
2008;28:837–44.

[24] Boyman O, Conrad C, Dudli C, Kielhorn E, Nickoloff BJ, Nestle FO. Activation of
dendritic antigen-presenting cells expressing common heat shock protein
receptor CD91 during induction of psoriasis. Br J Dermatol 2005;152:1211–8.

[25] Stebbing J, Bower M, Gazzard B, Wildfire A, Pandha H, Dalgleish A, et al. The
common heat shock protein receptor CD91 is up-regulated on monocytes of
advanced melanoma slow progressors. Clin Exp Immunol 2004;138:312–6.

[26] Stebbing J, Gazzard B, Kim L, Portsmouth S, Wildfire A, Teo I, et al. The heat-
shock protein receptor CD91 is up-regulated in monocytes of HIV-1-infected
"true" long-term nonprogressors. Blood 2003;101:4000–4.

[27] Manoussakis MN, Kapsogeorgou EK. The role of epithelial cells in the patho-
genesis of Sjogren’s syndrome. Clin Rev Allergy Immunol 2007;32:225–30.

[28] Abu-Helu RF, Dimitriou ID, Kapsogeorgou EK, Moutsopoulos HM,
Manoussakis MN. Induction of salivary gland epithelial cell injury in Sjogren’s
syndrome: in vitro assessment of T cell-derived cytokines and Fas protein
expression. J Autoimmun 2001;17:141–53.

[29] Polihronis M, Tapinos NI, Theocharis SE, Economou A, Kittas C,
Moutsopoulos HM. Modes of epithelial cell death and repair in Sjogren’s
syndrome (SS). Clin Exp Immunol 1998;114:485–90.

[30] Rosen A, Casciola-Rosen L, Ahearn J. Novel packages of viral and self-antigens
are generated during apoptosis. J Exp Med 1995;181:1557–61.

[31] Kinoshita G, Purcell AW, Keech CL, Farris AD, McCluskey J, Gordon TP.
Molecular chaperones are targets of autoimmunity in Ro(SS-A) immune mice.
Clin Exp Immunol 1999;115:268–74.

[32] Cheng ST, Nguyen TQ, Yang YS, Capra JD, Sontheimer RD. Calreticulin binds
hYRNA and the 52-kDa polypeptide component of the Ro/SS-A ribonucleo-
protein autoantigen. J Immunol 1996;156:4484–91.

[33] Staikou EV, Routsias JG, Makri AA, Terzoglou A, Sakarellos-Daitsiotis M,
Sakarellos C, et al. Calreticulin binds preferentially with B cell linear epitopes
of Ro60 kD autoantigen, enhancing recognition by anti-Ro60 kD autoanti-
bodies. Clin Exp Immunol 2003;134:143–50.

[34] Routsias JG, Tzioufas AG, Sakarellos-Daitsiotis M, Sakarellos C,
Moutsopoulos HM. Calreticulin synthetic peptide analogues: anti-peptide
antibodies in autoimmune rheumatic diseases. Clin Exp Immunol
1993;91:437–41.

[35] Routsias JG, Tzioufas AG. The role of chaperone proteins in autoimmunity. Ann
N Y Acad Sci 2006;1088:52–64.


	Functional expression of the alpha 2-macroglobulin receptor CD91 in salivary gland epithelial cells
	Introduction
	Materials and methods
	Reagents
	Cell cultures and biopsy specimens
	Reverse transcription-polymerase chain reaction (RT-PCR)
	Flow cytometry
	Confocal microscopy
	Immunohistochemical analysis
	Uptake of FITC-labeled alpha 2-macroglobulin-MA

	Results
	Expression of CD91 receptor in salivary gland epithelial cells
	Salivary gland epithelial cells express a functional CD91 receptor

	Discussion
	Acknowledgements
	References


