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Dendritic cell-lysosomal associated membrane pro-
tein (DC-LAMP)/CD208, a member of the lysosomal
associated membrane protein (LAMP) family, is spe-
cifically expressed by human DCs on activation. How-
ever, its mouse counterpart could not be detected in
mature DCs. The present study demonstrates that DC-
LAMP is constitutively expressed by mouse, sheep,
and human type II pneumocytes. Confocal and immu-
noelectron microscopy showed that mouse DC-LAMP
protein co-localizes with lbm180, a specific marker
for the limiting membrane of lamellar bodies that
contain surfactant protein B, as well as with intracel-
lular MHC class II molecules that accumulate in the
same organelles. Expression of DC-LAMP was also
occasionally detected at the cell surface of type II
pneumocytes. Interestingly, human bronchioloalveo-
lar carcinoma tumor cells, which correspond to
transformed type II pneumocytes, express DC-LAMP.
Similar observations were made in the Jaagsiekte
sheep retrovirus-associated ovine pulmonary adeno-
carcinoma, a model of human bronchioloalveolar
carcinoma. This study establishes that DC-LAMP is
constitutively expressed in normal type II pneumo-
cytes. Furthermore, DC-LAMP appears to be a marker
of transformed type II pneumocytes as well, an ob-
servation that may help the study and the classifica-

tion of human lung adenocarcinomas. (Am J Pathol
2004, 164:861–871)

The lysosomal associated membrane protein (LAMP)
family consists of a group of heavily glycosylated proteins
accounting for approximately half of the protein content in
the lysosomal membrane. They all contain a conserved
intracytoplasmic tyrosine-based lysosome-targeting mo-
tif YXX� (where � represents a bulky hydrophobic resi-
due).1 Several members of this family (LAMP-1 to
LAMP-3 and CD68) were cloned in a broad range of
species.1 Although LAMP-1 and LAMP-2 are ubiquitously
expressed,2 CD68 is mainly restricted to monocytes and
macrophages.3 The latest human LAMP protein identi-
fied, DC-LAMP/CD208, was originally described as a
molecule specifically expressed in mature dendritic cells
(DCs).4 DC-LAMP appears transiently on DC activation at
the limiting membrane of the MHC class II-containing
intracellular compartments (MIIC)4,5 involved in MHC
class II peptide loading and transport to the cell surface.5

On further maturation, MHC class II molecules and DC-
LAMP segregate: MHC class II molecules are translo-
cated to the cell surface membrane, whereas DC-LAMP
concentrates in perinuclear lysosomes. On the basis of
these observations, it was proposed that DC-LAMP could
play a role in the sorting of the MIIC membrane-associ-
ated molecules and the transfer of MHC class II mole-
cules to the cell surface.4 Human, monkey, and mouse
DC-LAMP mRNAs were shown to be expressed in the
lung4,6–8 but the cellular source was not determined. Of
note, murine DC-LAMP was not detected in mouse DCs.8

In the present study, using specific monoclonal antibod-
ies, we establish that DC-LAMP is specifically expressed
by mouse, sheep, and human type II pneumocytes
(PnIIs). PnIIs are peripheral pulmonary cells acting as
stem cells for repopulation of lung by alveolar type I and
type II cells during normal tissue turnover and after inju-
ry.9 Beside this progenitor function, PnIIs are also re-
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sponsible for pulmonary surfactant synthesis, secretion,
and recycling.10 Detailed analysis of DC-LAMP expres-
sion in PnIIs suggests that this molecule may play a role
in the conditioning and/or the secretion of surfactant, and
that it represents a promising tool for the study of PnIIs
and for the diagnosis of lung adenocarcinomas.

Materials and Methods

Northern Blot

Commercially available mouse tissue mRNA-loaded
membrane (MB no. 2020; OriGene Technologies Inc.,
Rockville, MD) was hybridized with the full-length cDNA
of mouse DC-LAMP labeled by random priming with
[32P]-dCTP as described elsewhere.11 Scanning was
performed using a PhosporImager (Bio-Rad Laboratories
Inc., Hercules, CA).

Mice Lung Single-Cell Preparation

Six-week-old specific pathogen-free BALB/c, 129sv, and
C57/BL6 female mice were obtained from Charles River
(Iffa Credo, L’Arbresle, France). All mice experiments
were done following protocols approved by the institu-
tional animal committee. Lung single-cell suspensions
were obtained from manually minced organs after 30
minutes of digestion with 1 mg/ml collagenase (Sigma-
Aldrich, St. Louis, MO), crushing through a 0.22-�m cell
strainer (BD Labware Falcon, Franklin Lakes, NJ) and
final incubation in NH4Cl solution (Stem Cell Technolo-
gies, Vancouver, Canada). Lung cells were then either
analyzed as total lung cells or subjected to subsequent
depletion using rat anti-mouse CD45 monoclonal anti-
body (mAb) (30-F11; BD Pharmingen, San Diego, CA)
and goat anti-rat IgG-coated Dynabeads (Dynal, Oslo,
Norway) to enrich the preparation for nonhematopoietic
cells. Beads and attached cells were removed with a
Dynal magnet. CD45-depleted lung cells were then
washed in phosphate-buffered saline (PBS)/0.5 mmol/L
ethylenediaminetetraacetic acid (Sigma-Aldrich), spun
down, and resuspended either in PBS for cytofluoromet-
ric analysis or in serum-free Dulbecco’s modified Eagle’s
medium-F12 (Invitrogen, Carlsbad, CA) for subsequent
confocal and immunoelectron microscopy (IEM) studies.

Human and Sheep Lung Tissue Sections

Human lung tumor biopsies were obtained from the Cen-
tre Hospitalier Lyon Sud tissue collection (Lyon, France).
Sheep tissues were obtained postmortem from naturally
Jaagsiekte sheep retrovirus (JSRV)-infected animals.
Presence of typical lesions associated with ovine pulmo-
nary adenocarcinoma was confirmed by histopathologi-
cal examination.

Antibody Generation

Rat anti-mouse DC-LAMP mAbs were obtained by immu-
nizing rats with COP5 cells transfected with mouse DC-

LAMP, cDNA and hybridoma supernatants were
screened by immunocytochemistry and flow cytometry
on mouse DC-LAMP-transfected cells, as described in
detail elsewhere.8

Immunohistological Studies

Balb/C mouse lungs were collected and instilled intratra-
cheally with Cryojung tissue-freezing medium (Leica
GmbH, Nussloch, Germany) before snap-freezing in liq-
uid nitrogen. Tissue cryosections (7-�m thick) were fixed
in acetone. DC-LAMP single labeling was performed on
mouse lung cryosections using standard immunohisto-
chemistry as described elsewhere.8 Double-immunohist-
ofluorescence stainings were performed on cryosections
after saturation in PBS/2% bovine serum albumin/10%
goat normal serum, using a panel of antibodies [mouse
anti-rat lbm180 (3C9; Bender MedSystems Diagnostics
GmbH, Vienna, Austria), rat anti-mouse CD44v6
(BMS145, Bender MedSystem), rat anti-mouse I-A/I-E
(M5/114, BD Pharmingen) or corresponding isotype-
matched control IgG]. Binding was detected with appro-
priate goat anti-species F(ab)�2 coupled to Alexa 488
(Molecular Probes, Eugene, OR). After incubation in 10%
rat serum, rat anti-mouse DC-LAMP antibodies coupled
in the laboratory to Alexa 594 or unrelated isotype-
matched control IgG were applied. After washes in PBS
and water, slides were mounted in Fluoromount (South-
ern Biotechnology Associates, Birmingham, AL) and an-
alyzed with an Axioskop microscope (Zeiss, Germany).

Bouin-fixed, paraffin-embedded sheep and human
lung sections were deparaffinized in toluene for 30 min-
utes, rehydrated in successive baths of alcohol (100%
then 95%) and rinsed in water. Antigen retrieval was
performed with microwave (15 minutes at 750 W) in ci-
trate buffer (DAKO, Glostrup, Denmark). Endogenous
peroxidases were blocked with 0.3% H2O2. After satura-
tion in protein blocking reagent solution (DAKO), staining
was performed with rat anti-mouse DC-LAMP-specific
mAb (clone 1010E1, which cross-reacts with sheep and
human DC-LAMP proteins) diluted in DAKO diluent
(DAKO). Revelation was then performed using the Ultra-
tech HRP and Ultratech DAB kits (Immunotech, Marseille,
France) according to manufacturer’s instructions. Slides
were counterstained with Harry’s hematoxylin before
mounting.

Confocal Laser Microscopy (CLM)

CD45-depleted lung cells were resuspended in serum-
free medium and allowed to adhere on 12-mm diameter
coverslips (Polylabo, Strasbourg, France) precoated with
poly-L-lysine (Sigma-Aldrich). After saturation with 10%
fetal calf serum-containing medium at 37°C, cells were
fixed in 3.7% paraformaldehyde, washed in PBS/10%
fetal calf serum/2% bovine serum albumin, then in PBS,
and finally permeabilized with PBS/0.05% saponin (Sig-
ma-Aldrich)/0.2% bovine serum albumin. Staining with rat
anti-mouse DC-LAMP mAb was performed for 1 hour at
37°C, and detected with goat anti-rat IgG F(ab)�2 cou-
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pled to Alexa 594 (Molecular Probes). After saturation
with 10% rat serum (DAKO), co-staining was performed
with either fluorescein isothiocyanate-coupled rat anti-
mouse I-Ad (2G9, BD Pharmingen), or with mouse anti-rat
lbm180 (3C9, Bender MedSystem), the latter being de-
tected with goat anti-mouse IgG F(ab)�2 coupled to Alexa
488 (Molecular Probes). Double staining of MHC class II
and lbm180 was performed first with rat anti-mouse I-Ad

(2G9, BD Pharmingen) detected with goat anti-rat IgG
F(ab)�2 coupled to Alexa 594 (Molecular Probes), and
after saturation with rat serum, binding of mouse anti-rat
lbm180 (3C9, Bender MedSystem) was achieved and
detected with goat anti-mouse IgG F(ab)�2 coupled to
Alexa 488 (Molecular Probes). After washes in PBS and
water, coverslips were mounted onto glass slides in Flu-
oromount and analyzed with a TSC NT microscope
(Leica).

IEM

CD45-depleted lung cells were fixed in 2% paraformal-
dehyde/0.2% glutaraldehyde and processed for ultrathin
cryosectioning and immunogold labeling as described.12

Immunogold labeling was performed with the following
antibodies: rat anti-mouse DC-LAMP, mouse anti-rat
lbm180 (3C9, Bender MedSystems), rat anti-mouse MHC
class II I-Ad (2G9, BD Pharmingen), rabbit polyclonal
antisera against the cytoplasmic tails of mouse MHC
class II �- and �-chain (generous gift from AY Rudensky,
Washington University, Seattle, WA) and rabbit anti-bo-
vine mature surfactant protein B.13

Flow Cytometry Analysis

Double-extracellular/intracellular staining on lung cell
suspensions was performed using standard techniques.
Briefly, cells were incubated with biotin-coupled mAbs
and subsequently with R-phycoerythrin (R-PE)-coupled
streptavidin (DAKO). After washes in PBS and permeabi-
lization with the Fix and Perm kit (BD Pharmingen), cells
were incubated with rat anti-mouse DC-LAMP mAb cou-
pled to Alexa 488 or with isotype-matched negative con-
trol. Fluorescence was analyzed with a FACScan flow
cytometer (Becton Dickinson, Mountain View, CA).

Results

Mouse DC-LAMP Is Expressed in the Lung

The mouse homologue of human DC-LAMP has recently
been cloned from a lung cDNA library because the
mRNA had been detected in this tissue by Northern blot
using the human DC-LAMP cDNA as a probe.8 In the
present study, mouse DC-LAMP mRNA expression was
analyzed by Northern blot on commercially available
membrane loaded with mRNA from 12 mouse tissues
(Figure 1) using the mouse full-length DC-LAMP cDNA as
a probe. A strong single 3.2-kb band was detected in the
lung, similar to what has been previously observed in
human4,6 and mouse.8 No mRNA expression could be

detected in any other organ, including brain, heart, kid-
ney, liver, skin, muscles, small intestine, spleen, stomach,
testis, and thymus. The absence of DC-LAMP in mouse
lymphoid tissues contrasts with human data and was
explained by the lack of expression in mature mouse
DCs.8

Type II Pneumocytes Constitutively Express
DC-LAMP

To extend the analysis of mouse DC-LAMP distribution,
mouse lung tissue sections were labeled with rat mono-
clonal antibodies raised against the recombinant mouse
protein. A strong signal was detected within a population
of peripheral lung cells (Figure 2A1) with no labeling of
bronchial epithelium. Both the localization and the cuboi-
dal shape of DC-LAMP-positive cells protruding into the
lumina of the alveolae (Figure 2A1, inset) suggested they
could correspond to PnIIs. To formally identify the DC-
LAMP-expressing cells, double-immunofluorescent la-
beling was performed on mouse lung cryosections (Fig-
ure 2, A2 to A4). Almost all DC-LAMP-positive cells were
found to co-express the lamellar body (LB) limiting mem-
brane marker lbm180/ABCA3 (Figure 2A2), thereby con-
firming that these cells were PnIIs.14,15 Most DC-LAMP�

cells were also shown to express the v6 isoform of the
CD44 antigen (Figure 2A3), which is specific in the lung
for bronchial epithelium and alveolar type II cells.16 Thus,
the vast majority of PnIIs in normal noninflammatory lung
express DC-LAMP, and this constitutive expression is in
striking contrast with the tight regulation described in
human DCs.4 PnIIs have previously been reported to
express MHC class II molecules and to be able to
present antigens to CD4� T cells in vitro.17–19 Double
labeling of lung tissue sections revealed a heteroge-
neous MHC class II molecule expression in �50% of
DC-LAMP� cells (Figure 2A4). Of note, MHC class II-
positive cells not staining for DC-LAMP likely represented
alveolar macrophages and/or peripheral DCs.

Figure 1. Mouse DC-LAMP expression analysis. Commercially available
Northern blot membrane probed with 32P-labeled mouse DC-LAMP cDNA.
Among the 12 tissues analyzed, only lung expresses detectable amounts of
DC-LAMP mRNA, which appears as a single 3.2-kb band.
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Further characterization of DC-LAMP� lung cells was
obtained by flow cytometry analysis (Figure 2B). The
proportion of DC-LAMP� cells among the total cells re-
covered after lung digestion varied from 1 to 10% (mean
value, 3.8%). The lack of expression of CD45 (leukocyte
common antigen restricted to hematopoietic cells),
CD11b, and CD11c (leukocyte-restricted integrins) by
DC-LAMP� cells clearly establishes that they are neither
DCs nor alveolar macrophages. Instead, all DC-LAMP�

cells co-expressed high levels of CD54 (ICAM-1) and
MHC class II molecules, in agreement with previous re-
ports on PnIIs.17,18,20 The lower proportion (�50%) of
DC-LAMP� PnIIs found to express MHC class II mole-
cules by immunohistological analysis likely reflects the
difference of sensitivity between the two methods. Fur-
thermore, flow cytometry analysis also showed that half of
the DC-LAMP� population expressed CD95 (Fas anti-
gen), in agreement with previous reports on PnIIs.21 Sim-
ilar results were obtained with the three strains of mice
tested (data not shown). In conclusion, the immunohisto-
logical and flow cytometry analysis performed to charac-
terize the DC-LAMP� lung cells were in agreement with
the established PnII phenotype.

DC-LAMP Accumulates Mostly at the Limiting
Membrane of PnII Lamellar Bodies

In human maturing DCs, DC-LAMP has been shown to
accumulate at the limiting membrane of the lysosomal
compartment devoted to the intracellular storage of MHC
class II molecules. To determine the subcellular localiza-
tion of the protein in PnIIs, DC-LAMP� cells enriched from
total mouse lung single-cell suspensions were analyzed
by CLM (Figure 3). CD45-depleted cell preparations
were immobilized onto poly-L-lysine slides and stained
with anti-DC-LAMP and anti-lbm180 antibodies. Anti-
lbm180 mAb recognizes lbm180/ABCA3, an ABC trans-
porter specifically present on the limiting membrane of
PnII LBs.14,15 A partial co-localization of both molecules
was observed in intracellular ring-like structures, identi-
fied as LBs according to the presence of specific marker
lbm180. Two studies14,22 have reported a patchy surface
expression of lbm180 that corresponds to recent sites of
LB fusion with the plasma membrane, leading to the
release of surfactant into the alveolar space. Figure 3, C1
to C4, illustrates such an exocytosis event, where LB
co-expressing DC-LAMP and lbm180 has fused with the

Figure 2. Characterization of DC-LAMP-expressing lung cells. A: Mouse lung cryosections were stained with anti-DC-LAMP mAb, revealed with AEC substrate,
and counterstained with hematoxylin (A1). DC-LAMP is expressed exclusively by a population of alveolar epithelial cells protruding in the lumen (inset). A2 to
A4: Double-immunohistofluorescent stainings were performed on mouse lung cryosections. A2: Most lbm180-positive cells (green) co-express DC-LAMP (red).
A3: A majority of DC-LAMP-positive cells (red) also co-express CD44v6 (green). A4: Approximately half of DC-LAMP� cells (red) also express MHC class II
(green), but at levels ranging from high (arrow) to low (arrowhead). B: Isolated mouse total lung cells prepared as described in Materials and Methods were
surface-stained with various mAbs, permeabilized, and double stained with anti-DC-LAMP mAb. Fluorescence-activated cell sorting data showed that DC-LAMP�

cells express high levels of CD54 and class II (I-Ab) molecules but not CD45, CD11b, or CD11c. Approximately half of the DC-LAMP� population expresses Fas
(CD95). Numbers in the right quadrants indicate percentage of total lung cells. Original magnifications: �100 (A1); �400 (A2 to A4). Scale bars, 40 �m.

Figure 3. Subcellular localization of DC-LAMP in PnIIs. Double staining with lbm180 (green) and DC-LAMP (red) was performed on CD45-depleted mouse lung
cells immobilized on poly-L-lysine-coated slides. CLM analysis showed co-localization of both proteins in intracellular ring-like organelles (lamellar bodies, LB)
(A, B, D). A LB fusing with the plasma membrane is represented in C1 (square), and shown at different levels of the cell (C2 to C4). Cell surface patches of
DC-LAMP adjacent to lbm180 were also detected (E, arrows). Original magnifications, �1000. Scale bars, 3 �m.
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cell surface membrane. Both molecules are also ob-
served to form adjacent patches at the cell surface (Fig-
ure 3E, arrows).

The subcellular localization of DC-LAMP was further
illustrated by IEM. In agreement with the CLM data, DC-
LAMP was primarily detected at the limiting membrane of
LB (Figure 4A), where it co-localized with lbm180 (Figure
4B). The nature of these organelles expressing DC-LAMP
at their limiting membrane was confirmed by double la-
beling with surfactant protein B (SP-B) (Figure 4C). Fur-
thermore, a low density of DC-LAMP signal was detected
in endosomal multivesicular bodies (Figure 4C) and at
the cell surface membrane (Figure 4D).

Mouse DC-LAMP Co-Localizes with MHC
Class II Molecule in PnII LB

Immunohistological and flow cytometry analysis showed
expression of both DC-LAMP and MHC class II mole-
cules by PnIIs. Considering the tight association of both
molecules within the MIIC of human maturing DCs,4 their
relative localizations in PnIIs were compared (Figures 5
and 6). CLM analysis revealed a heterogeneous staining,

with both single- and double-positive cells. However, in
cells expressing both molecules, MHC class II molecules
were present not only at the cell surface (Figure 5; A to
D), but occasionally co-localized with DC-LAMP in intra-
cellular compartments (Figure 5, A and B) that also con-
tained lbm180 (Figure 5, C and D) and correspond there-

Figure 4. DC-LAMP accumulates in lamellar bodies and is also expressed at
the cell surface of PnIIs. A: Ultrathin cryosections of enriched mouse PnII
were immunolabeled for DC-LAMP and analyzed by IEM, showing abundant
immunogold labeling in LB. B: Double immunolabeling for DC-LAMP
(15-nm gold particles) and lbm180 (10-nm gold particles) demonstrated that
both proteins are present at the limiting membrane of the LB. C: Double
immunolabeling for DC-LAMP (10-nm gold particles) and surfactant protein
B (SP-B, 5-nm gold particles) showed that DC-LAMP and SP-B co-localize in
LB. Gold particles for DC-LAMP were also present in multivesicular bodies
(asterisk). D: DC-LAMP is also detected on the cell surface membrane
(arrows). N, nucleus; PM, plasma membrane. Original magnifications,
�35,000. Scale bars, 200 nm.

Figure 5. Localization of DC-LAMP and MHC class II molecules in PnIIs.
Relative localization of DC-LAMP and MHC class II molecules was analyzed
by CLM on CD45-depleted mouse lung cells immobilized on poly-L-lysine-
coated slides. Double staining with MHC class II (green) and DC-LAMP (red)
showed occasional co-localization of both proteins in intracellular vesicles (A
and B, arrows). Within PnIIs, MHC class II molecules (red) co-localize also
with lbm180 (green) in intracellular ring-like structures (LB) (C, D). Original
magnifications, �1000. Scale bars, 3 �m.

Figure 6. PnIIs express MHC class II molecules at their surface and at the
limiting membrane of lamellar bodies. A: Double-immunogold labeling of an
isolated mouse lung cell ultrathin cryosection showed the presence of MHC
class II on the basolateral plasma membrane (PM) and in lamellar bodies
(LB) together with SP-B. B: Double-immunogold staining for MHC class II
(10 nm) and DC-LAMP (15 nm) demonstrated co-localization of both pro-
teins at the LB limiting membrane. Original magnifications, �35,000. Scale
bars, 200 nm.
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fore to LB. Of note, MHC class II molecules appear to
co-localize more extensively with ABCA3 than DC-LAMP.
This suggests that the vesicular membranes and the
Golgi cis-ternae stained with anti-lbm180 mAb14 also
contain MHC class II molecules, but not detectable
amounts of DC-LAMP.

The subcellular distribution of both DC-LAMP and
MHC class II molecules was further explored by IEM
(Figure 6). Double labeling showed that MHC class II
molecules localized in the limiting membranes of or-
ganelles filled with SP-B, namely the LB (Figure 6A). In
agreement with CLM data, DC-LAMP also was found to
co-localize with MHC class II molecules in these mem-
branes (Figure 6B). Interestingly, surface expression of
MHC class II molecules was predominant at the basolat-
eral membrane of PnIIs (Figure 6A), as described earli-
er.23 These results further establish that both mouse DC-
LAMP and MHC class II molecules are present at the
limiting membrane of LB in PnIIs, and that, in contrast to
human DCs,5 PnIIs express DC-LAMP at their surface
membrane too.

DC-LAMP Is Expressed in Normal and
Transformed Human PnIIs

Several of the mAbs raised against mouse DC-LAMP
were found to specifically label cells transfected with
human DC-LAMP (not shown). One of those was selected
for its ability to label mature DCs on paraffin-embedded
tonsil sections (Figure 7A). Interestingly, when tested on
lung tissue sections, this antibody also labeled human
(Figure 7B), sheep (Figure 7C), and rat (not shown) PnIIs.
PnIIs are known for their capacity to restore the alveolar
surface integrity after lung injury. They can indeed re-
enter into cell cycle and repopulate the wounded alveo-
lae. However, alveolar invasion by uncontrolled prolifer-
ation of transformed PnIIs leads to a distinct type of
peripheral lung carcinoma identified as bronchioloalveo-
lar carcinoma (BAC). To determine whether transformed
PnIIs would still express DC-LAMP, tissue sections from
three histologically confirmed BACs were stained with the
specific mAb. The three tumors showed a homogeneous
signal at the apical side of most cancer cells (Figure 7D),
therefore demonstrating that DC-LAMP expression is
maintained in PnIIs after malignant transformation. This
conclusion was corroborated by a strong apical labeling
of transformed PnIIs into lesions of JSRV-induced ovine
pulmonary adenocarcinoma24 (Figure 7E). In contrast,
DC-LAMP was detected in only 12 of 50 lung adenocar-
cinomas other than BACs, and when detected, it was only
expressed in scarce cells (Figure 7F) (N Freymond et al,
manuscript in preparation).

Discussion

The present study establishes that the lysosome-associ-
ated membrane protein DC-LAMP, that has been re-
garded so far as a reliable marker of human DC matura-
tion is also constitutively expressed by a population of

lung peripheral cells, in mouse, in human, in sheep, in
dog, and in rat (our unpublished data). The detection of
DC-LAMP in PnIIs from the five species examined so far,
including rat and mice that do not express this molecule
in their mature DCs raises the question of what cell type
(PnIIs or DCs) first expressed this molecule during evo-
lution. Although the mechanism that regulates DC-LAMP
mRNA and protein expression in PnIIs remains unknown,
it is clearly different from the activation-driven control
observed in human DCs.4 Indeed, PnIIs express this
molecule constitutively in normal lung. In a search for cell
lines expressing DC-LAMP, human PnII-like A549 cells
were labeled with specific antibodies. DC-LAMP expres-
sion was very weak and variable (unpublished data), but
whether this cell line indeed presents PnII characteristic
features remains to be clearly established.9

The DC-LAMP glycoprotein cytoplasmic portion con-
tains a conserved lysosome-targeting motif that can be
recognized by adaptor complexes AP1, AP2, and AP3
found at the trans-Golgi network, the plasma membrane
and the trans-Golgi network-endosomal system, respec-
tively.25 It is therefore not surprising to find DC-LAMP
co-localizing in PnIIs with lbm180 on the limiting mem-
brane of LB know to bear other lysosomal membrane
proteins, including LAMP-1 and CD63.13,26 Furthermore,
LBs contain lysosomal proteases such as cathepsins that
are enabled to process surfactant proproteins by the low
intravesicular pH.27,28 A sorting role has also been as-
cribed for LBs,29 where surfactant endocytosed via en-
dosomes and multivesicular bodies would be segregated
either toward lysosomes for degradation or back to the
secretory pathway for recycling. Indeed, pulmonary sur-
factant is stored, before secretion, in LBs that consist of
densely packed lamellae of surfactant surrounded by a
limiting membrane that can fuse with the apical cell mem-
brane to release their content into the alveolar space.30,31

Altogether, DC-LAMP appears to be expressed in spe-
cialized PnII secretory lysosomes32 involved in the traf-
ficking of lung surfactant.

In this context, a notable difference between PnIIs and
human DCs is the detection of DC-LAMP at the plasma
membrane of the former cells. Cell surface patches of
lbm180 molecules were previously reported14,22 and in-
terpreted as remnants of recent LB exocytosis. Using
lbm180 as a tracer, these residual LB membranes were
shown to be retrieved back to existing LBs via an active
endocytic pathway involving endosomes and multive-
sicular bodies. This would provide a mechanism for sur-
factant recycling.33 Such a scenario is compatible with
the occasional detection of DC-LAMP in endosomal mul-
tivesicular bodies, the known precursors of LBs.13,26

Other LAMP family members can transit through the cell
surface, where they might perform specialized functions:
CD68 behaves as a receptor for oxidized low-density
lipoprotein that is rapidly internalized after surface ex-
pression by macrophages,34 whereas cell surface-ex-
pressed LAMP-1 has been linked to tumor cell migra-
tion35 and Th1-specific polarization by activated
macrophages.36 Whether DC-LAMPs exert some specific
function(s) when displayed at the PnII cell surface re-
mains however to be determined.
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Nevertheless, DC-LAMP surface expression provides
an efficient tool for the purification and the enumeration of
PnIIs by fluorescence-activated cell sorting. Morphomet-
ric analyses have shown that PnIIs represent between 10
and 15% of all lung cells,37,38 but their proportion among

total lung single-cell preparations depends on the proto-
col for tissue digestion. In our hands, without enzymatic
instillation before recovering the lungs, we obtained lower
proportion of DC-LAMP� cells (mean value, �4%). It is
difficult to compare directly our fluorescence-activated

Figure 7. DC-LAMP expression by transformed PnIIs. Paraffin-embedded human and sheep tissue sections were stained with the 1010E1 rat anti-mouse DC-LAMP
mAb, and labeling was revealed with DAB substrate (except F: AEC) and counterstained with hematoxylin. A: Human tonsil interdigitating DCs clustered with
T cells are intensely stained. On human (B) and sheep (C) normal lung tissue sections, cells protruding in the lumen of the alveolae and identified as PnIIs were
uniformly labeled. D: Human BAC tissue section showed a discrete but homogeneous and mostly apical labeling of transformed cells. E: A similar although more
intense labeling was observed on ovine pulmonary adenocarcinoma induced by JSRV. F: The luminal side of some clustered human adenocarcinoma cells was
occasionally strongly labeled. Original magnifications: �250 (A–E); �400 (F). Scale bars, 40 �m.
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cell sorting data with results obtained by (immuno)-cyto-
chemistry on cells recovered following different protocols
of digestion. Although all lamellar body-containing cells
were stained by DC-LAMP mAb on electron microscopy
(Figures 4 and 6, and data not shown), we cannot for-
mally exclude that some PnIIs do not express DC-LAMP,
as suggested by the detection of few lbm180�/DC-
LAMP� mAb cells in the lung (Figure 2A).

Based on the coincidence of DC-LAMP appearance
on the limiting membrane of MIIC and MHC class II
molecule translocation to the cell surface, a role for DC-
LAMP in the reorganization and transfer of MIIC to the
plasma membrane in human activated DCs was pro-
posed.4 Alternatively, the luminal portion of DC-LAMP
may modulate the processing of antigens by lysosomal
cathepsins that are up-regulated on DC maturation, and
also protect the lysosomal membrane against proteoly-
sis, as suggested for other LAMP family members.39 In
the absence of functional data regarding DC-LAMP nei-
ther in DCs nor in PnIIs, the role of this molecule remains
unclear. However, morphological as well as functional
parallel between the MIIC compartment of DCs and the
LB of PnIIs suggest a regulatory role for DC-LAMP in the
purpose of both specialized secretory lysosomes. The
striking difference in DC-LAMP expression by those two
cell types is also compatible with a regulatory function:
the quick induction of DC-LAMP in maturing DCs may be
linked to the sharp increase of lysosomal proteolytic ac-
tivity associated with antigen processing and to the rapid
translocation of loaded MHC class II molecules to the cell
surface, whereas the constitutive expression of DC-LAMP
in PnIIs may be related to the continuous processing and
release of surfactant by those cells.

Our data suggest that exocytosis of LB, which results
in surfactant secretion, also brings MHC class II mole-
cules to the cell surface together with lbm180 and DC-
LAMP. This may link DC-LAMP to the controversial role of
PnIIs in MHC class II-restricted antigen presentation.
PnIIs express constitutively MHC class II molecules,18

and this expression is increased by IFN-� in rat23 or in
some pathological conditions in human.40,41 PnIIs also
express cathepsins,42 CD54,20 and co-stimulatory mole-
cules such as CD80 and CD86.43 Therefore, these epi-
thelial cells, strategically localized in the lung at the in-
terface with the outside environment, express many of the
molecules required for efficient antigen presentation to
CD4� T cells. Indeed, PnIIs can activate T cells in vitro19

and induce IL-2 production by Jurkat cells.43 It remains
however unclear whether PnIIs play a role as lung anti-
gen-resenting cells in vivo, and whether DC-LAMP is in-
volved.

Whatever functions DC-LAMP might fulfill, its main-
tained expression in transformed PnIIs may provide a
welcome tool for studying bronchioloalveolar adenocar-
cinomas (BACs). BAC is the rarest subtype of lung ade-
nocarcinomas and is characterized by the colonization,
without destruction or invasion, of the alveolae by trans-
formed PnIIs.44 Given the better prognosis of BAC and its
lower association with tobacco smoking, when compared
with other lung adenocarcinomas,45 accurate diagnosis
is important both for the treatment and for the under-

standing of the disease. However, despite continuous
progress in identifying the lung carcinoma subsets,46

BAC histological diagnosis is notoriously difficult, given
the lack of markers specific for normal and transformed
PnIIs,47,48 and that the mechanisms of transformation are
primarily unknown.44 Recently, differential expression of
cytokeratin 7 and 20 subtypes had been proposed to
facilitate the distinction between BAC and the other lung
adenocarcinomas as well as lung metastasis of other
adenocarcinomas,49,50 but these results were not con-
firmed. The present finding that, in contrast with other
lung adenocarcinomas, the alveolae in BACs are infil-
trated by transformed PnIIs homogeneously stained with
DC-LAMP mAb suggests that this marker may facilitate
the diagnosis of this infrequent cancer. Further study will
obviously be needed to establish the value of DC-LAMP
as a diagnostic marker for BAC and to determine whether
it plays a role in the oversecretion of surfactant that
characterizes clinically many BAC patients. In this re-
gard, detection of DC-LAMP in JSRV-induced ovine pul-
monary adenocarcinoma, which closely resembles hu-
man BAC,44 may help to understand the development of
this type of lung cancer. Last but not least, the irregular
expression of DC-LAMP in nonbronchioloalveolar lung
adenocarcinomas may provide new insights regarding
the cellular origin and diversity of those cancers. Inter-
estingly, Ozaki and colleagues6 have reported the ex-
pression of TSC403 mRNA (that is identical to DC-LAMP)
in human lung, but also in cancers of various origins,
including esophagus, colon, ovary, breast, fallopian tube,
and liver. The cells expressing DC-LAMP mRNA in non-
lung cancers are most likely mature DCs that frequently
surround or infiltrate primary tumors.51–52 In lung adeno-
carcinomas, both transformed PnIIs and mature DCs can
express DC-LAMP, but those cell types are easily distin-
guished on the basis of their morphology and their local-
ization (N Freymond et al, manuscript in preparation).
Furthermore, the homogeneous expression of DC-LAMP
by PnIIs is of lower intensity in human BAC tumor cells
than in normal PnIIs or DCs (Figure 7). This may also
explain the apparent down-regulation of TSC403 mRNA
observed when gene expression profiles of three BAC
samples were compared to the corresponding normal
lung tissue using oligonucleotide microarray.53

In conclusion, DC-LAMP appears to be constitutively
expressed in normal and transformed PnIIs, where its
subcellular localization suggests a role in the processing
and/or trafficking of surfactant and MHC class II mole-
cules. Although the exact function of DC-LAMP in PnII-
specialized secretory lysosomes remains to be estab-
lished, this marker may become a useful tool for
facilitating the study and the diagnosis of the PnII-derived
tumors. To notify these results, we suggest DC-LAMP to
be referred as CD208 from now on.10
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