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SUMMARY

 

CD74 is known as the major histocompatibility complex (MHC) class II–associ-
ated invariant chain (Ii) that regulates the cell biology and functions of MHC class II mole-
cules. Class II MHC and Ii expression was believed to be restricted to classical antigen-pre-
senting cells (APC); however, during inflammation, other cell types, including mucosal
epithelial cells, have also been reported to express class II MHC molecules. Given the impor-
tance of Ii in the biology of class II MHC, we sought to examine the expression of Ii by gas-
tric epithelial cells (GEC) to determine whether class II MHC molecules in these nonconven-
tional APC cells were under the control of Ii and to further support the role that these cells
may play in local immune and inflammatory responses during 

 

Helicobacter pylori

 

 infection.
Thus we examined the expression of Ii on GEC from human biopsy samples and then con-
firmed this observation using independent methods on several GEC lines. The mRNA for Ii
was detected by RT-PCR, and the various protein isoforms were also detected. Interest-
ingly, these cells have a high level expression of surface Ii, which is polarized to the apical
surface. These studies are the first to demonstrate the constitutive expression of Ii by hu-
man GEC.

 

(J Histochem Cytochem 53:1481–1489, 2005)

 

H

 

ELICOBACTER

 

 

 

PYLORI

 

 

 

I

 

nfects the human

 

 gastric ep-
ithelium and is associated with peptic and duodenal
ulcers, as well as gastric carcinoma. Because not ev-
eryone who is infected develops clinically significant
disease, host factors are suspect in the pathogenesis.
CD4

 

�

 

 T cells are rarely found within the uninfected
gastric mucosa, but are substantially increased during
infection and are predominantly Th1 cells (Bamford et
al. 1998). These Th1 cells are regarded as contributors
to the tissue damage. Interestingly, the antigen-present-
ing cells (APC) involved in the activation of these T
cells are uncharacterized.

The expression of class II major histocompatibility
complex (MHC) molecules is characteristic of profes-
sional APCs, such as dendritic cells, macrophages, and
B cells. The role of class II MHC molecules on APCs

is to present peptides from endocytosed antigens to
CD4

 

�

 

 T cells before the initiation of an immune re-
sponse. The human gastric epithelium has been noted
to constitutively express class II MHC molecules, in
addition to the costimulatory molecule CD86 and an-
tigen-processing enzymes (Ye et al. 1997; Barrera et
al. 2001; Barrera et al. 2002). In 

 

Helicobacter pylori

 

infection CD4

 

�

 

 T cells are found adjacent to the gas-
tric epithelium; therefore, gastric epithelial cells have
been suspected of acting as APCs locally. In APCs, the
assembly and intracellular transport of class II MHC
are influenced by their association with an invariant chain
protein (Ii, CD74) (Bakke and Dobberstein 1990; Lot-
teau et al. 1990). Because of the presence of a target-
ing signal sequence in the cytoplasmic domain of Ii, Ii
and the associated class II MHC molecules are able to
intersect the endocytic pathway. Recent studies have
also implicated an isoform of Ii in regulating the ac-
tion of endocytic proteases, which may in turn influ-
ence the formation of peptides that may become se-
lected for presentation by class II MHC molecules
(Fiebiger et al. 2002).
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Because Ii plays an important role in APC function,
in this study we sought to characterize the expression
of Ii by gastric epithelial cells to establish whether
class II MHC function in these cells is under the same
regulatory control as in conventional APCs (Pieters
2000). The constitutive expression of Ii by polarized
cells that line the gastric mucosa is of considerable im-
portance to understand the immunological events that
are elicited in response to a common human pathogen,
such as 

 

H. pylori

 

. The expression of class II MHC by
other epithelial cells has been noted during various in-
flammatory conditions such as autoimmunity and or-
gan transplantation; however, the expression of class
II MHC by gastric epithelial cells is constitutive and
increases during infection with 

 

H. pylori

 

. Although
the role of gastric epithelial cells, or other epithelial
cells that express class II MHC in immunity, is largely
unexplored, in this report, we show that gastric epi-
thelial cells express this important regulatory molecule
of APC function known as Ii. The expression of Ii by
the gastric epithelium is constitutive in vivo and was
readily detected in established gastric epithelial cell
lines. Interestingly, the expression of Ii by gastric epi-
thelial cells is polarized to the apical surface. In addi-
tion, the studies presented in this report show that
gastric epithelial cells also express the various iso-
forms of Ii that are present in conventional APCs.

 

Materials and Methods

 

Gastric Biopsy Staining

 

Gastric antrum biopsy tissues were obtained from consent-
ing donors undergoing gastroesophageal duodenoscopy at
the University of Texas Medical Branch. The biopsies were
obtained from grossly inflamed areas of the antrum and
from regions that appeared uninvolved. The tissue was ac-
quired after receiving informed consent from patients and
volunteers, and with prior approval of the institutional re-
view board. The tissue samples were fixed in 10% neutral
buffered solution and then embedded in paraffin for immu-
nohistochemistry. Four 

 

�

 

m thick sections of the paraffin-
embedded tissue blocks were mounted on plus (coated) glass
slides and deparaffinized in xylene, followed by rehydration
in ethanol. Endogenous peroxidase was blocked by incuba-
tion in 3% methanol peroxide for 10 min. For Ii immuno-
histochemical staining, antigen retrieval was done by pre-
treating the sections with citrate buffer (0.01 ml/L citric acid
at pH 6.0) for 20 min at 99C in a microwave oven and then
allowed to cool for 20 min at room temperature. Nonspe-
cific endogenous proteins were blocked using the avidin–
biotin blocking kit (Vector, Burlingame, CA) followed by 30
min incubation at room temperature with biotinylated,
mouse, anti-human Ii antibody clone LN-2 (Dako; Carpinte-
ria, CA) at 1:200 dilution. The sections were stained with a
streptavidin-biotin peroxidase detection kit (Dako), incu-
bated with 3,3

 

�

 

-diaminobenzidine, and counterstained with
hematoxylin followed by cover-slipping. The immunostain-
ing reactions were examined by light microscopy.

 

Cell Lines and Culture Conditions

 

Jesthom, an HLA-DR1 homozygous EBV-transformed cell line,
was used as prototypic APC. KATO III and N87 gastric epithe-
lial cell lines were from ATCC (Manassas, VA). The cell lines
were grown in RPMI 1640 (Gibco BRL; Gaithersburg, MD)
medium supplemented with 10% FCS (Atlanta Biologicals; At-
lanta, GA), glutamine (1 mM), penicillin (1 U/ml), and strepto-
mycin (100 

 

�

 

g/ml). Confluent KATO III and N87 cells were
collected using EDTA in PBS at 37C, followed by shaking. Af-
ter collection, the cells were washed with PBS and their concen-
tration adjusted in the indicated buffer before using them.

 

Antibodies

 

Anti-human Ii monoclonal antibody VicY-1 to an epitope in
the cytoplasmic tail was a gift from Dr. Walter Knapp (Insti-
tute of Immunology; University of Vienna, Vienna, Austria).
The PIN 1.1 antibody, which also recognizes an epitope
within the amino terminal portion of Ii, was a gift from Dr.
Peter Creswell (Yale University; New Haven, CT). The anti-
human Ii (clone BU-45) antibody to an exomembranous
epitope was from Serotec (Raleigh, NC). The anti-human
epithelial antigen (Clone Ber-EP4) was from Dako. The
anti–Zonula occludens-1 (ZO-1) antibody was from BD
Transduction Laboratories (Franklin Lakes, NJ).

 

Flow Cytometry

 

A total of 10

 

6 

 

gastric epithelial cells or control B cells were
grown in medium alone or supplemented, when indicated,
with IFN-

 

�

 

 (100 U/ml) for 48 hr. Some samples were treated
with 2 units of chondroitinase ABC (Sigma-Aldrich; St.
Louis, MO) for 4 hr at 37C and washed with ice-cold PBS to
stop the reaction to detect the extent of Ii modified by chon-
droitin sulfate (CS) that is detected by anti-Ii after CS re-
moval. Cells were incubated with anti-Ii BU-45 monoclonal
antibody (1 

 

�

 

g) in PBS buffer for 30 min on ice. The cells
were washed three times with ice-cold PBS and then incu-
bated with FITC-conjugated, goat anti-mouse IgG (1 

 

�

 

g) for
an additional 30 min on ice. After incubation, the cells were
washed and fixed with 1% paraformaldehyde in PBS. Then,
10,000 events per sample were collected for further analysis.
The flow cytometry analysis was done on a FACScan cytom-
eter (Becton Dickinson; Mountain View, CA) and the data
analysis was done using WinMDI version 2.8 software (free-
ware written by Dr. Joseph Trotter; The Scripps Institute, La
Jolla, CA).

 

Confocal Microscopy

 

N87 cells were grown on polycarbonate filter inserts 6.5 mm
in diameter with a 3.0-

 

�

 

m pore size (Costar; Cambridge,
MA) to near confluency where they were treated with inter-
feron-

 

�

 

 (100 U/ml) for 48 hr. Cells were washed with PBS
three times and blocked by incubating with horse serum for
1 hr at room temperature. Three more washes were adminis-
tered, followed by 1-hr incubation at 20C with mouse anti-
human Ii BU-45 antibody or mouse anti-human decay accel-
erating factor antibody (a kind gift from Dr. Bogdan
Nowicki; University of Texas Medical Branch, Galveston, TX),
which was used to detect an apical marker control (Peiffer
et al. 2000). After three washes, secondary goat anti-mouse
IgG conjugated with Alexa 568 (Molecular Probes; Eugene,
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OR) was added to chamber inserts and to wells outside the
chamber and incubated for 1 hr at room temperature. As
staining controls, anti-epithelial antigen FITC-conjugated
IgG (Dako) was used on a separate insert, as were the cells
stained with anti–ZO-1 and the anti-Ii antibody, PIN 1.1, that
recognizes the cytoplasmic tail of Ii. Cells were then washed
three times, and fixed with 2% paraformaldehyde in PBS for
15 min. To stain the cells with anti–ZO-1 and PIN 1.1, the
cells were permeabilized with Cytofix/Cytoperm Solution (BD
Biosciences; Franklin Lakes, NJ) and washed with Perm/Wash
solution (BD Biosciences) before the addition of the corre-
sponding antibodies. After washing three times, secondary
goat anti-mouse IgG conjugated with Alexa 568 (Molecular
Probes) was added. The filters were cut out of the inserts,
mounted, cover-slipped, and sealed for microscopy. The sam-
ples were analyzed using a Zeiss laser-scanning microscope,
model 510, equipped with Argon2 and HeNe1 lasers, and a
63

 

�

 

 oil objective. Images were analyzed using Zeiss LSM Im-
age Browser 5 (Carl Zeiss; Jena, Germany).

 

Metabolic Labeling

 

Stimulated gastric epithelial cells and B cells in the log phase
of growth were incubated for 1 hr at a density of 10

 

7

 

/ml in
methionine- or sulfate-free medium, depending on whether
they were labeled with [

 

35

 

S] methionine or [

 

35

 

SO

 

4

 

] sulfate,
respectively. At the end of the deprivation period, the cells
were supplemented with the radiolabeled amino acid or SO

 

4

 

(0.5 mCi/10

 

8

 

 cells). After 6 hr of incubation, the cells were
washed three times with PBS. Then, cells were hypotonically
lysed with 10 mM Tris-HCl buffer, pH 8.1, containing 10
mM leupeptin, 1 mM phenylmethylsulfonyl fluoride, and 2
mM N-ethyl malemide. Nuclei were removed by centrifuga-
tion at 10,000 

 

�

 

 g for 10 min and the supernatants were
centrifuged at 100,000 

 

�

 

 g for 45 min to obtain the mi-
crosomal membranes. Microsomal membrane proteins were
solubilized in ice-cold, 10 mM Tris-HCl, pH 8.1, containing
0.5% Triton X-100. Unsolubilized material was removed by
centrifugation at 100,000 

 

�

 

 g for 1 hr and then the samples
were ready to apply to prepared Immunoadsorbent or to the
DEAE-Sephacel, anion-exchange resin for Ii-CS enrichment
(described in the following section).

 

Immunoprecipitation and Electrophoresis

 

Solubilized membrane samples were precleared with normal
rabbit serum and formalized 

 

Staphylococcus aureus

 

, Cowen
strain A (Chemicon; El Segundo, CA). Immunoadsorbents
were prepared by incubating 100 

 

�

 

l of protein A-Sepharose
beads (Sigma Chemical Co.; St Louis, MO) with 

 

�

 

1 

 

�

 

g of
each antibody, as previously described (Reyes et al. 1991).
After 16 hr of incubation at 4C with solubilized proteins,
the immunoadsorbents were washed five times with immu-
noadsorbent buffer (50 mM Tris-HCl, pH 7.4, 150 mM
NaCl, 5 mM EDTA, 0.5% Triton X-100, and 0.02% NaN

 

3

 

)
and eluted with SDS sample buffer (62.5 mM Tris HCl, pH
6.8, 10% [w/v] glycerol, 5% 2-mercaptoethanol, and 2.3%
SDS). The proteins were then separated on SDS/PAGE by
one dimension. In the case of two-dimensional, nonequilib-
rium pH gradient electrophoresis, samples were eluted in
isoelectrofocusing sample buffer (9.0 M urea, 4% NP40, 2%
ampholytes, 1% dithiothreitol), separated by nonequilib-

rium pH gradient electrophoresis, followed by SDS-PAGE
and then autoradiographed.

 

Concentration of Ii-CS or Associated Proteins

 

The solubilized proteins were diluted in associative DEAE-
buffer (0.05 M C

 

2

 

H

 

3

 

NaO

 

2

 

, 0.15 M NaCl, 0.5% Triton
X-100, pH 6.0, 10 mM leupeptin, 1 mM phenylmethylsulfonyl
fluoride and 2 mM N-ethyl malemide) and were applied to the
DEAE-sephacel anion exchange resin (Pharmacia, Inc.; Piscat-
away, NJ) at a ratio of 1 

 

�

 

 10

 

7

 

 cells/0.5 ml packed sephacel.
Unbound material was collected and passed through the col-
umn twice. The DEAE-sephacel was then washed with ice-
cold, associative buffer containing protease inhibitors until the
counts per minute were close to background. Materials bound
to the DEAE-sephacel column, which included Ii-CS and asso-
ciated proteins, were eluted with DEAE buffer (0.8M NaCl,
0.05 M C

 

2

 

H

 

3

 

NaO

 

2

 

, 0.002% Triton X-100, pH 6.0). After the
elution procedure, the samples were adjusted to pH 7.4 with
0.2 M NaCl, using Centricon 10 (Pierce Chemical; Rockford,
IL), and then used in immunoprecipitation analysis.

 

RT-PCR

 

Total RNA was extracted from 1 

 

�

 

 10

 

6

 

 gastric epithelial
cells and B cells using Trizol reagent (Life Technologies Inc.;
Grand Island, NY) according to the manufacturer’s instruc-
tions. Gastric epithelial cells were treated with interferon-

 

�

 

(100 U/ml) for 48 hr. Next, 5 

 

�

 

g RNA was reverse-tran-
scribed using 0.1 

 

�

 

M of oligo dT primer, 1 mM of each
dNTP, and 50 U MuLV reverse transcriptase (Perkin-Elmer;
Branchburg, NJ), at 42C for 15 min as previously described
(Barrera et al. 2001). The resulting cDNA was then ampli-
fied by PCR in a reaction mixture consisting of 1 mM
MgCl

 

2

 

, 50 mM KCl, 0.2 mM of each dNTP, 0.4 

 

�

 

M of each
primer, and 2.5 U Amplitaq DNA polymerase (Perkin
Elmer). PCR for Ii was carried out in a programmed thermal
cycler (Perkin Elmer Cetus; Emeryville, CA) at 30 cycles of
95C for 15 sec and 72C for 45 sec. The primers were synthe-
sized by Sigma Genosys (Chicago, IL). The Ii primers were
5

 

�

 

-GAATGCTGACCCCCTGAAGGTGTA-3

 

�

 

 (sense) and
5

 

�

 

-GGGGGCTGAAGGGAGCAAGAAAGC-3

 

�

 

 (antisense).
The expected products are 586 bp (p41) and 396 bp (p33).
Amplified products were analyzed by 1.5% agarose gel elec-
trophoresis and after electrophoresis the gels were stained
with 0.5 

 

�

 

g/ml of ethidium bromide for 1 hr and washed be-
fore exposure to an ultraviolet Foto/Prep I (Fotodyne Inc.;
New Berlin, WI) for visualization and photography. As an
internal control, the RNA preparations were processed by
RT-PCR to amplify the housekeeping gene glyceraldehyde-
3-phosphate dehydrogenase. The glyceraldehyde-3-phosphate
dehydrogenase primers were 5

 

�

 

-GTGAAGGTCGGAGTCA-
ACG-3

 

�

 

 (sense) and 5

 

�

 

-GGTGAAGACGCCAGTGGAC-3

 

�

 

(antisense) synthesized by Sigma Genosys and the expected
product is of 340 bp.

 

Results

 

Human Gastric Epithelial Cell Lines Express Invariant 
Chain Proteins

 

Because MHC class II expression has been detected on
gastric epithelial cells in biopsy samples and the ex-
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pression increased during infection with 

 

H. pylori,

 

 we
wanted to determine whether MHC class II expression
and function in these cells is influenced by Ii. To ex-
amine whether human gastric epithelial cells express
Ii, we performed immunohistochemistry on gastric biop-
sies from donors and from patients infected with 

 

H.
pylori

 

 to examine the expression of Ii. Interestingly,
the expression of Ii was evident in uninfected tissue,
but the infected tissue showed a marked increase in Ii
expression (Figure 1). This was a consistent observa-
tion in a limited number of samples (

 

n

 

�

 

10) examined
in which there was inflammation (not shown) com-
pared with a similar number of uninfected samples. As
expected, the inflamed tissue also had other cells in
the lamina propria that expressed Ii. To confirm the
distribution of the surface expression of Ii under basal
conditions and inflammatory conditions, we performed
confocal microscopy studies on IFN-�–treated N87
gastric epithelial cells. Specific staining using anti-
human Ii BU45 antibodies showed that the highest den-
sity of Ii expression occurred along the apical side of
the cells; faint staining was detected at the basolateral
side (Figure 2B). These observations confirmed the
immunohistochemical staining pattern of epithelial
cells in biopsies, which also seemed to be more intense
along the apical surface. Staining with anti-human de-
cay accelerating factor antibody was used as a positive
apical control (Peiffer et al. 2000) and was restricted
to the apical surface (Figure 2A). To assure that the
antibodies were able to reach the apical as well as the
basolateral side, N87 cells were also stained in parallel
with anti-epithelial antigen antibodies. As expected,
the anti-epithelial antigen antibody stained both baso-
lateral and apical sides (Figure 2C). It was also impor-
tant to confirm the characteristic location of apical
junction complexes in polarized cells by staining for
ZO-1 protein that was apical and junctional (Figure
2D). To confirm that the apical location of Ii, as de-
tected with the BU-45 to an extracellular epitope, was
not influenced by posttranslational modifications that
could prevent recognition of some populations of Ii,
we stained N87 cells that were fixed and permeabi-
lized to detect Ii with an antibody, PIN 1.1, directed to
the cytoplasmic domain (Cresswell 1996). This anti-
body detected intracellular pools of Ii in a vesicular
pattern, as seen in the X-Y horizontal representative
image, but also revealed in a reconstructed X-Z vertical
image of the N87 cells, that most of the staining for Ii
is toward the apical surface of the cells (Figure 2E).

Further analysis of Ii expression by gastric epithe-
lial cells was performed by RT-PCR analysis to con-
firm the expression of the mRNA for Ii. Using a care-
fully designed set of primers, we were able to identify
the mRNA for p41 and p33 Ii isoforms (Figure 3).
IFN-� appeared to have a marginal effect in increasing
the mRNA for both isoforms of Ii. To confirm that the

protein is expressed in these cells, we performed flow
cytometric analysis to detect the expression of Ii in
several gastric epithelial cell lines and compare the
noted expression with that of a B-cell line, Jesthom, as
a prototypic APC. The basal level of Ii expression in
KATO III and N87 gastric epithelial cells is readily de-
tectable, and when we added IFN-�, which is actively
produced in vivo by gastric T cells during infection
with H. pylori, the level of Ii expression was enhanced
(Figure 4).

To establish the specificity of the antibodies used in
immunohistochemistry, confocal microscopy, and flow
cytometry studies, we immunoprecipitated Ii proteins
from gastric epithelial cells that were metabolically
labeled with [

 

35

 

S] methionine. The anti-Ii antibody,
BU45, immunoprecipitated isoforms of Ii, 33 and 41
kDa, and the coassociated 

 

�

 

 and 

 

�

 

 chain of MHC
class II (Figure 5). The molecular weights of these pro-

Figure 1 Immunohistochemistry of gastric biopsies. The expres-
sion of the invariant chain (Ii) was compared in gastric biopsies
from Helicobacter pylori infected (B) vs noninfected donors (A). L �
lumen; Lp � lamina propria. Arrow points to intense apical stain-
ing on epithelial cells.
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teins are consistent with the molecular weights re-
ported for the Ii isoforms in studies using conventional
APCs (Kampgen et al. 1991; Sant and Miller 1994).
These results also confirm the observations made us-
ing the other independent assays.

 

Ii Chain on Gastric Epithelial Cells is Coassociated 
with MHC Class II Molecules

 

The identity and expression of the various isoforms
was confirmed by their migration in two-dimensional
gel electrophoresis analysis (Figure 6). The spots that
represent Ii chain proteins were consistent with those

that have been reported from APCs (Reyes et al. 1991).
In addition, two-dimensional gel analysis showed the
coassociation of � and � chains of MHC class II with
Ii, which is an indirect evidence for the biological role
of Ii in assembly and transport of MHC class II mole-
cules during the intracellular pathway.

Gastric Epithelial Cells Express Ii-CS Isoform

 

An isoform of Ii that is modified by chondroitin sul-
fate has been previously shown to act as accessory
molecule in T-cell activation. Ii-CS acts as a corecep-
tor for CD44. We confirmed the presence of Ii-CS on
gastric epithelial cells by selectively isolating it onto a
DEAE-Sepharose column. The gastric epithelial cells
were metabolically labeled with [

 

35

 

SO

 

4

 

] and subse-
quently lysed before the enrichment of Ii-CS on an ion
exchange column. To allow the visualization of Ii-CS
isoform, the material was applied directly or after im-
munoprecipitation with the anti-Ii antibodies PIN1.1
or VicY-1 to SDS/PAGE gels. We detected Ii-CS as a
heterogeneous band in the range of 40–120 kDa on
Jesthom B cells and 69–190 kDa on Kato III gastric
epithelial cells (Figure 7A). The noted differences in
the electrophoretic mobility of Ii-CS within cell phe-
notypes were due to variations in the glycosylation
processes within those cell types and not from differ-
ences in the core protein as previously examined by
us (Barrera et al. 2002). To investigate the relative
amount of Ii that was CS modified on N87 cells, anti-
Ii BU-45 surface staining was performed for flow cyto-
metric analysis. Because this antibody does not bind
to chondroitin sulfate–modified Ii, staining was com-
pared between untreated cells and chondroitinase-
treated cells. As seen in Figure 7B, the increased stain-

Figure 2 Surface distribution of in-
variant chain (Ii) on N87 cells grown
on filter inserts. Confocal microscopy
images are shown here of the horizon-
tal interfaces (X-Y) and vertical inter-
faces (X-Z). (A) N87 cells stained with
anti-DAF antibody (Alexa 568) as an
apical marker, (B) N87 cells stained
with anti-Ii antibody (Alexa 568), and
(C) N87 cells stained with anti-epithe-
lial antigen with apical and basal
staining (FITC). Cells were stained with
saturating concentration of antibod-
ies, which reach both apical and baso-
lateral sides of the cells. As additional
controls, the cells were stained with
antibodies to (D) the apical junctional
complex protein Zona Occludens-1
and a secondary goat anti-mouse IgG
conjugated with Alexa 568 and to (E)
the cytoplasmic tail of Ii also with the
same secondary antibody conjugated
with Alexa 568.

Figure 3 Invariant chain (Ii) mRNA detected in gastric epithelial
cells by RT-PCR analysis. RNA extracted from KATO III and N87 gas-
tric epithelial cells was reverse transcribed, amplified, and sepa-
rated by electrophoresis. Specific products were detected in these
cells by RT-PCR using the Ii chain primers described in Materials and
Methods. As an internal control, B (Jesthom) cells showed the
mRNA for those proteins. The amplification of housekeeping gene
GAPDH was included as a control for the procedure. This is a repre-
sentative of three experiments.
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ing seen with chondroitinase-treated cells over untreated
cells was due to the portion of the cell surface ex-
pressed Ii that was chondroitin sulfate–modified. The
mean fluorescence intensity of the chondroitinase-
treated cells was 32% higher than the untreated cells,
representing the pool of IiCS.

 

Discussion

 

The cell biology that governs antigen processing and
presentation, before T-cell activation, has been exten-
sively examined with human and mouse B cells. The
studies to date have underscored the importance of early
or late endosomes in the trafficking of MHC class II-Ii
complexes and antigen-loading compartments (Sand-
erson et al. 1994). Although many major advances
have been made in the last decade in understanding
the intracellular and molecular events that take place
during processing and presentation of foreign antigens
by APCs, the interactions at the mucosal surface level

are poorly understood. Several lines of evidence have
shown that nonprofessional APCs, such as gastric epi-
thelial cells, express MHC class II molecules and other
relevant molecules required for antigen processing and
presentation, for instance CD80, CD86, and cathep-
sins (Ye et al. 1997; Barrera et al. 2001; Barrera et al.
2002). The expression of Ii by gastric epithelial cells
should be considered as an essential requirement for
gastric epithelial cells to present antigens to CD4

 

�

 

 T
cells, given the documented importance of Ii in the bi-
ology of class II MHC.

Although the expression of MHC class II molecules
by gastric epithelium is constitutive, that expression is
upregulated during infection with 

 

H. pylori

 

 (Maekawa
et al. 1997). In addition to MHC class II–increased
levels, the expression of CD86 by the gastric epithe-
lium is increased (Ye et al. 1997), and there is also an
increased number of CD4

 

�

 

 T cells between and adja-
cent to the epithelium during this infection (Bamford
et al. 1998). These CD4

 

�

 

 T cells express markers of
activation, suggesting that there is local antigen pre-
sentation in the tissue area.

The present studies provide direct evidence that
gastric epithelial cells express the various isoforms of
Ii, which confirms that the cell biology and function of
MHC class II molecules in these cells are also regu-
lated by Ii and further strengthens the notion that the
gastric epithelium may actively regulate mucosal im-
munity against 

 

H. pylori

 

 infection.

Figure 5 Immunoprecipitation of invariant chain isoforms. One-
dimensional gel electrophoresis of invariant chain (Ii) proteins from
metabolically labeled Jesthom (B cells), KATO III, and N87 (gastric
epithelial cells) demonstrates the expression of those isoforms. The
Ii isoforms p33 and p41 are presented after immunoprecipitation
with anti-BU45 mAb.

Figure 4 Invariant chain expression by gastric epithelial cells de-
tected by flow cytometry. Ii chain molecules were expressed in gas-
tric epithelial cells (A) KATO III and (B) N87 before and after IFN�
treatment. For comparison (C), the Jesthom B cell line was used as
an internal positive control. The cells were stained with anti-Ii
BU45 mAb. The shaded curve represents the staining with the iso-
type control antibody. The displacement of the fluorescence inten-
sity curve to the right indicated an increase in expression level.



Th
e 

Jo
ur

na
l o

f H
is

to
ch

em
is

tr
y 

&
 C

yt
oc

he
m

is
tr

y

Expression of CD74 by Gastric Epithelial Cells 1487

The Ii chain proteins expression was initially ob-
served by immunohistochemistry of gastric biopsies
from noninfected donors and patients infected with H.
pylori. The presence of Ii was characterized and con-
firmed by several independent approaches, which in-
clude RT-PCR, flow cytometry, immunoprecipitation
and affinity purification. The mRNA for the p31 and
p41 Ii isoforms were detected by RT-PCR using a set
of primers carefully designed to include both isoforms.
The p31 include exons 4, 5, 6, 7 and 8 while p41 in-
clude exons 4, 5, 6, 6b, 7 and 8. We confirmed the ex-
pression of p41 on gastric epithelial cells, which re-
sults from alternative splicing of an additional exon
(6B) on the Ii gene (O’Sullivan et al. 1987). Then, the
translated proteins of Ii were detected by flow cytome-

try analysis, and the specificity of those antibodies was
confirmed by immunoprecipitation. Polyacrylamide
gel electrophoresis of the immunoprecipitated samples
revealed the presence of the p33 and p41 isoforms of
Ii, previously described on APCs (Strubin et al. 1986;
O’Sullivan et al. 1987; Koch et al. 1989), and the coas-
sociated MHC class II molecules. The electrophoretic
mobility of these proteins differs within cell types, sug-
gesting differences in molecular weight. Such differ-
ences in molecular weight of MHC class II molecules
from B cells and gastric epithelial cells were carefully
examined and attributed to differences in glycosyla-
tion on those cell types (Barrera et al. 2002).

As previously mentioned, Ii is required for the ap-
propriate assembly of � and � chains of MHC class II,
as well as for targeting this complex to the endosomal
compartments. The structural microheterogeneity of

Figure 7 Characterization of invariant chain (Ii)-chondroitin sul-
fate (CS) in gastric epithelial cells. (A) One-dimensional gel electro-
phoresis showed expression of Ii-CS in KATO III gastric epithelial
cells and Jesthom B-cell line controls. Ii-CS was enriched through a
DEAE-sephacel column and then run on SDS/PAGE after immuno-
precipitation with anti-Ii VicY-1 antibody. (B) Flow cytometric anal-
ysis of N87 cells stained for Ii with BU-45 antibodies after chon-
droitinase treatment to reveal the relative amount of Ii-CS. The
solid peak is the isotype control.

Figure 6 Microheterogeneity of class II MHC-associated invariant
chain. Two-dimensional gel electrophoresis of invariant chain (Ii)
proteins from metabolically labeled (A) Jesthom and (B) KATO III
demonstrates the similarities in expression of all of the compo-
nents. The � and � chains of MHC class II and different isoforms of
Ii (Ii, Ip, p41, �2, and �3) are presented after immunoprecipitation
with anti-BU45 mAb.
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this complex expressed by gastric epithelial cells has
been the subject of studies done to understand their
role in mucosal immunity (Barrera et al. 1998). Using
two-dimensional gel analysis, we identified the com-
plexes of the coassociated � and � chains of MHC
class II and Ii isoforms. Those results suggested that,
in gastric epithelial cells, Ii plays an important role in
the biological functions of MHC class II, such as the
trafficking of the complex to the endosomal compart-
ments. Interestingly, although in previous studies, we
demonstrated that gastric epithelial cells express func-
tional endosomal proteases, the immunohistochemical
studies and flow cytometry suggest that these cells ex-
press a higher density of Ii in their surface when com-
pared with B cells, where Ii is largely degraded in en-
dosomes. This difference in Ii expression by gastric
epithelial cells may be because these are polarized cells
and class II MHC and Ii traffic may be governed dif-
ferently than in B cells. Alternatively, Ii traffic in gas-
tric epithelial cells may be delayed, leading to cell
surface accumulation. In fact, the confocal studies
together with the immunohistochemistry analysis of
biopsy samples allowed us to confirm the surface ex-
pression of Ii and their distribution on gastric epithe-
lial cells largely on the apical surface. Although the ex-
act mechanism(s) responsible for the noted increased
expression of Ii in the infected tissue is not clear, the
local production of IFN-� to which gastric epithelial
cells respond, as shown by us and others, may be in-
volved (Karttunen et al. 1995; Bamford et al. 1998). A
correlation between the infection status and the level
of Ii expression may require a larger sample size.
However, because chondroitin sulfate–modified iso-
form Ii-CS of Ii is the only isoform previously noted to
be on the surface of APCs (Sant et al. 1985), an initial
consideration was that the Ii detected in the surface of
gastric epithelial cells is Ii-CS, but the epitope recog-
nized by the anti-Ii antibodies used in flow is masked
by CS. That population of CS modified Ii only became
evident after chondroitinase treatment.

Interestingly, in addition to the role of Ii in antigen
processing and presentation, a novel role of Ii has
been proposed, which involves T-cell activation. The
Ii-CS isoform, which is coexpressed with class II MHC
at the cell surface and functions as an accessory mole-
cule, either to facilitate T-cell and APC interactions or
to directly signaling to CD44 on T cells (Aruffo et al.
1990). Because intraepithelial lymphocytes are CD44�

and the expression of Ii-CS by mucosal epithelial cells
could be an important factor in intraepithelial lym-
phocyte functions. The noted expression of Ii-CS iso-
form on gastric epithelial cells may highlight their
importance in local T-cell functions. Because of the
predominant apical expression of Ii with only low lev-
els of expression in the lateral surfaces of gastric epi-
thelial cells, the only T-cell population that could

receive this costimulation are intraepithelial lympho-
cytes.

Macrophage migration inhibitory factor (MIF) has
emerged as an important mediator of innate immu-
nity. MIF is a key and powerful cytokine that induces
proinflammatory responses. MIF was recently shown
to be produced in the gastric mucosa during H. pylori
infection (Xia et al. 2004). Interestingly, Ii was shown
to be the receptor for MIF (Leng et al. 2003). Activa-
tion of ERK1/ERK2 by MIF requires Ii. MIF promotes
the expression of a panel of cytokines, which include
several cytokines that have been reported to be pro-
duced by the epithelium during H. pylori infection.
Thus Ii expression by the epithelium could contribute
to the overall epithelial cytokine response during the
infection by binding locally produced MIF.

Because the epithelium represents the most abun-
dant cell phenotype in the mucosal surface with char-
acteristics of APC, Ii expression by gastric epithelia
cells could be an important regulatory element in de-
termining the outcome of oral immunization or oral
tolerance induction. Studies provide evidence that Ii
expression is required in the induction of oral toler-
ance because Ii-deficient mouse could not be tolerized
by intragastric administration of an antigen, whereas
wild-type or heterozygous mice became tolerant to the
administered antigen (Desvignes et al. 1996). Although
Ii expression by other gastrointestinal epithelial cells
has been detected, this expression has been noted dur-
ing inflammatory conditions or after manipulation to
induce its expression. The studies presented here are
the first ones that confirm the constitutive expression
of Ii in human gastric mucosal epithelial cells as a po-
tential regulator of local immune responses.
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