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The lungs face the immunologic challenge of rapidly eliminating inhaled pathogens while maintaining tolerance to innocuous Ags.
A break in this immune homeostasis may result in pulmonary inflammatory diseases, such as allergies or asthma. The observation
that alveolar epithelial type II cells (Type II) constitutively express the class II MHC led us to hypothesize that Type II cells play
a role in the adaptive immune response. Because Type II cells do not express detectable levels of the costimulatory molecules CD80
and CD86, we propose that Type II cells suppress activation of naive T cells. Purified murine Type II cells were unable to activate
T cells to specific Ag or in an alloreactive assay. Although IFN-� treatment up-regulated class II MHC expression, it did not alter
the ability of the Type II cells to activate T cells. Rather, the Type II cells were able to suppress T cells from subsequent activation
to specific Ag in an Ag-dependent manner. Priming T cells with Type II cells and Ag resulted in T cells that were suppressed to
further activation, even after removal from the Type II cells. Thus, Type II cells of the lung help tolerize T cells to nonpathogenic
environmental Ags. The Journal of Immunology, 2008, 180: 881–888.

D uring breathing, the lung is exposed to a constant bar-
rage of pathogens and particles that must be rapidly
eliminated by the pulmonary immune system without

generating an over-exuberant inflammatory response that could
damage the delicate alveolar epithelium and impair gas exchange.
In the normal lung, three major cell types comprise the alveolar
architecture: the alveolar macrophage, a mobile immune cell that
avidly phagocytoses pathogens and particulates; the squamous al-
veolar type I cells, across which gas exchange occurs; and the
cuboidal alveolar epithelial type II cell (Type II).3 The Type II cell
is most widely known as the source of pulmonary surfactant, a
lipid and protein complex that reduces surface tension and plays a
role in lung host defense (1). In addition to its functions in sur-
factant homeostasis, Type II cells are also capable of alveolar fluid
balance regulation, proliferation, epithelial repair, and differentia-
tion into alveolar epithelial type I cells, modulation of immune
cells, and host defense (2).

Because the alveolar epithelial type II cell is found at this in-
terface between the outside air and the pulmonary vasculature, it is
in an optimal position for host defense. Type II cells secrete an-
timicrobial proteins, such as lysozyme, and complement compo-
nents (e.g., C2, C3, C4, and C5) (3, 4). Additionally, Type II cells
have been found to produce a variety of cytokines and chemokines

(2, 5, 6). The fact that Type II cells constitutively express the class
II MHC (MHC II) (7, 8) is consistent with the possibility that Type
II cells function in the adaptive immune response, as the function
of MHC II is Ag presentation to T cells. However, Type II cells
have not been found to activate naive T cells or express the nec-
essary costimulatory molecules for T cell activation (9). For opti-
mal T cell activation, costimulation (signal 2) by ligation of CD28
on T cells, in addition to presentation of Ag on MHC II (signal 1),
is necessary (10, 11). The ligands for CD28 on the APC are CD80
(B7-1) and CD86 (B7-2). Presentation of Ag on MHC II (signal 1)
to T cells in the absence of costimulatory molecules (signal 2) is
the hallmark for anergy induction, a form of tolerance (11). There-
fore, we hypothesize that Type II cells may be able to induce
tolerance in T cells.

In this study, using a murine model, we confirm that Type II
cells lack detectable costimulatory molecules and do not effec-
tively activate T cells. We further show that Type II cells suppress
subsequent T cell activation to specific Ag, which is indicative of
tolerance. Thus, we propose that Type II cells tolerize T cells in the
lung, and this mechanism of tolerance by Type II cells may be one
of the ways in which the lung suppresses a local inflammatory
immune response to some of the innocuous Ags we inhale.

Materials and Methods
Animals

DO11.10 TCR transgenic mice and BALB/c mice were obtained from The
Jackson Laboratory. C57BL/6 mice were obtained from Charles River Lab-
oratories. SP-C GFP mice (H-2k haplotype) (provided by John K. Heath,
University of Birmingham, Birmingham, U.K.) were bred and back-
crossed into C57BL/6 and BALB/cJ mice at Duke University for at least
seven generations. SP-C GFP mice express the GFP transgene under the
control of the surfactant protein C (SP-C) promoter. The transgene con-
struct contains the 3.7 kb described previously (12) of the human surfactant
protein C promoter region followed by GFP cDNA sequence and the SV40
small T intron and poly(A) (0.4 kb) from pKC4. GFP gene was amplified
using the following primers: 5� GGA TGT CGA CTG CAG CCA ATA TG
3� and 5� CTT GAA TTC CTG CAG GTC GA 3�. The amplified fragment
was digested with EcoR1 and SalI and cloned into the SPC-GFP construct
contained in the vector pUC18:AmpR. The SP-C GFP line was generated
by pronuclear microinjection of the SPC-GFP construct linearized with
SacI. All animal procedures were performed according to local and
National Institutes of Health guidelines and were approved by the Duke
University Institutional Animal Care and Use Committee.
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Type II cell isolation

Type II cells were isolated from C57BL/6 mice by a procedure modified
from Corti et al. (13). For some experiments, mice were i.v. injected once
a day for 3 days with IFN-� (105 U; 150–175 �l) or saline (150–175 �l)
as a control. On day 4, Type II cells were isolated and used. In brief, the
lungs were perfused with a saline/heparin (200 U/ml) solution. Perfused
lungs were lavaged once with 1–2 ml of Dispase (BD Biosciences), filled
with fresh Dispase via a tracheal catheter, and allowed to collapse natu-
rally. Low melt agarose (1%, 0.4 ml, 42°C) was instilled, and the lungs
were immediately covered with crushed ice for 2–3 min. The lungs were
removed and incubated in 2 ml of Dispase at room temperature for 45 min.
Then the lungs were teased apart and treated with DNase I (Roche). The
digest was successively filtered through a 40 �m strainer and a 15 �m
nylon mesh. The cells were panned on mouse IgG (Equitech) coated petri
dishes for 1 h at 37°C, and nonadherent cells were collected. Contaminat-
ing leukocytes were depleted using biotinylated-anti-CD45, -CD11b, and
-CD11c Abs (BD Pharmingen) and streptavidin paramagnetic microbeads
(Miltenyi Biotec). Purities were judged by Papnicolaou staining and aver-
aged 71 � 2% (means � SEM) for six independent isolations.

To obtain Type II cells from SP-C GFP mice, lungs were digested and
filtered as above. After the filtration step, the cells were FACS sorted for
high GFP, high side-scatter cells (Type II cells). Purities were determined
by flow cytometry reanalysis and averaged 89 � 1% (means � SEM) for
20 isolations.

Generation of bone marrow-derived dendritic cells (BMDCs)

BMDCs were generated as described previously by Inaba et al., and as
modified by Brinker et al. (14, 15). In brief, marrow from the tibia, femur,
and humerus bones of mice were harvested, cultured in RPMI 1640 sup-
plemented with 5% FCS, antibiotics, and 50 �M 2-ME plus 5% GM-CSF
conditioned medium for 6 days. Loosely attached cells were harvested and
negatively selected with biotinylated-Gr-1 Abs (BD Pharmingen) and
streptavidin paramagnetic microbeads (Miltenyi Biotec).

Specific Ag presentation assay

CD4� T cell hybridomas (H-2b haplotype) specific for OVA258�76 peptide
generated as previously described were used (15). OVA peptide for all
experiments was synthesized at the University of North Carolina Micro-
protein Sequencing and Peptide Synthesis Facility. The T cell hybridomas
(105) were incubated for 24 h with 2 � 105 BMDCs or Type II cells
(C57BL6) and varying amounts of OVA258�276 peptide in 96-well round-
bottom plates in complete IMDM with 10% FCS, 25 �M 2-ME, penicillin-
streptomycin (100 U/ml), and gentamicin (20 �g/ml). Murine IL-2
concentrations from supernatants were measured by ELISA (Pierce).

CD4� T cell isolation

Spleens and lymph nodes were removed and minced, and cells were filtered
through a 40-�m strainer. Monocytes were removed by panning on plastic
for 12–18 h and CD4� T cells were subsequently positively selected using
paramagnetic microbeads (Miltenyi Biotec).

Alloreactivity assay

CD4� splenocytes (105) were incubated with allogeneic Type II cells or
BMDCs from SP-C GFP mice for 3 days in 96-well round-bottom plates in
complete DMEM with 10% FCS, 25 �M 2-ME, penicillin-streptomycin
(100 U/ml), and gentamicin (20 �g/ml). One �Ci of [3H]thymidine (6.7
Ci/mmol; MP Biomedical) was added to each well and cells were incu-
bated for another 24 h. Incorporated radioactivity was measured by means
of scintillation as an indicator of proliferation.

Anergy assays

DO11.10 CD4� T cells (5 � 104) were incubated for 3 days in the presence
or absence of Type II cells (1.5–2 � 105; SP-C/GFP, BALB/c) and/or
OVA323�339 peptide (50 �g/ml) in 96-well round-bottom plates in com-
plete IMDM. Cells were washed, BMDCs (7.5–10 � 104) and fresh OVA
peptide was added, and they were incubated for another 2 days, after which
murine IL-2 concentrations from supernatants were measured by ELISA
(R&D Systems). In assays wherein T cells were repurified on day 3, co-
cultures were initially plated in 24-well plates. On day 3, T cells from each
condition were positively selected with anti-CD4 microbeads (Miltenyi
Biotec) and re-plated at equal numbers (1 � 104 cells/well) with BMDCs
(1 � 104) and OVA (50 �g/ml) in 96-well round-bottom plates.

Flow cytometry

Flow cytometry was performed at the Duke University Comprehensive
Cancer Flow Cytometry and at the Human Vaccine Institute facilities. Lung
digests from SP-C GFP mice were stained with biotinylated-MHC II, -CD80,
-CD86, or -CD54 (ICAM-1) Abs (BD Pharmingen) and streptavidin-conju-
gated AlexaFluor 647 (Molecular Probes). FACS data were analyzed with

10 µm

OVA

Type II
cell

Merge

FIGURE 1. Type II cells take up Ag in vivo. Transgenic SP-C GFP
mice, which express GFP in the Type II cells (green, center panel), were
intratracheally instilled with fluorescently labeled OVA (red, top panel)
and then, after 3 h, their lungs were fixed for confocal microscopy. Bottom
panel is merge of top and center panels (�63 magnification).
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FlowJo software (TreeStar). To determine Type II cell expression of mol-
ecules, analyses were done on high GFP gated cells.

OVA instillation

SP-C GFP mice were anesthetized with ketamine (100 mg/kg mouse) and
xylazine (6 mg/kg) and intratracheally instilled with AlexaFluor 647-con-
jugated OVA (0.66 mg/50 �l/mouse; Molecular Probes) in PBS. Controls
were instilled with PBS alone. After 3–24 h, the mice were euthanized and
their lungs lavaged with PBS. Lungs were fixed by tracheal inflation fix-
ation with 4% paraformaldehyde in PBS and prepared for confocal mi-
croscopy. Thin slices of left lung were placed into chamber slides, covered
in PBS, and photographed on a confocal Zeiss Axiovert 100M microscope.

Statistics

Data are expressed as mean � SEM. Statistical significance was tested with
an unpaired Student’s t test using Prism 4 program (GraphPad).

Results
Type II pneumocytes take up Ag in vivo

The primary function of the MHC II molecule is Ag presentation.
Because Type II cells constitutively express MHC II, it has been
hypothesized that they have the capacity to present Ag (7). To
determine whether Type II cells take up the model Ag OVA in
vivo, transgenic mice (SP-C GFP), which express GFP in Type II
cells, were intratracheally instilled with fluorescently labeled OVA
and examined at 3 h after the instillation. Fluorescently labeled
OVA colocalized within the GFP positive Type II cells (Fig. 1).
Z-stacks were used to confirm that the fluorescent OVA was in-
ternalized in the Type II cells. This finding demonstrates that Type
II cells have the capacity to take up Ag in our in vivo mouse
model.

Type II pneumocytes express MHC II but not the costimulatory
molecules CD80 and CD86

Because the Type II cells are capable of Ag uptake, we explored
whether the Type II cells in our model express the necessary mol-

ecules for Ag presentation and T cell activation. The expression of
MHC II and the costimulatory molecules, CD80 and CD86, on
murine Type II cells was analyzed using flow cytometry. In this
study, we confirmed the previously reported (7) constitutive sur-
face expression of MHC II and showed that neither CD80 nor
CD86 were expressed at detectable levels (Fig. 2). Additionally,
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FIGURE 2. Type II cells express MHC II and ICAM-1 but not the co-
stimulatory molecules, CD80 and CD86, for Ag presentation. Lung digests
from SP-C GFP mice were stained for MHC II, CD80, CD86, and ICAM-1
and analyzed by flow cytometry. Expression of the molecules (open his-
tograms) is shown for the GFP positive cells (Type II cells). Isotype or
autofluorescence controls are shown as filled gray histograms.
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FIGURE 3. Type II cells are poor stimulators of T cell activation. A, T
cell hybridomas (105) were incubated for 24 h with 2 � 105 Type II cells
or BMDCs and OVA, and then IL-2 concentrations were measured by
ELISA. B, 105 T cells were incubated with allogeneic Type II cells or
BMDCs for 3 days, tritiated thymidine was added and incubation continued
for another 24 h. Cells were harvested and incorporated radioactivity was
measured as indicator of T cell proliferation. A, Data shown are represen-
tative of three independent experiments done in duplicate. B, Results are
indicative of three similar independent experiments done in triplicate. Val-
ues are mean of triplicate � SE.
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we found ICAM-1 on the Type II cells, which has been reported to
act as an accessory molecule for Ag presentation to T cells (16).
We also analyzed for the expression of additional costimulatory
molecules, including CD40 and inducible T cell costimulator li-
gand (ICOSL), and the inhibitory molecules, programmed death-1
ligands 1 and 2 (PD-L1 and 2). We found no detectable levels of
any of these molecules on the isolated Type II cells (data not
shown).

Type II pneumocytes are poor stimulators of T cell activation
compared with BMDCs

Costimulatory molecules are essential for effective activation of T
cells. Because Type II cells do not express detectable levels of
CD80 and CD86, we hypothesized that they would not be able to
induce a robust activation of T cells. To test this hypothesis, Type
II cells were examined for their ability to present the model Ag,

OVA, and to activate T lymphocytes. BMDCs were used as the
positive control APCs as they should effectively activate T cells.
Purified Type II cells or BMDCs were incubated with OVA pep-
tide and TH-hybridomas, specific for the OVA peptide. After 24 h,
IL-2 concentrations were measured by ELISA as an indicator of T
cell activation. As shown in Fig. 3A, negligible levels of IL-2 were
secreted from T cells incubated with the Type II cells or by T cells
incubated with OVA alone in the absence of any APCs (no APC).
In contrast, in the presence of OVA, BMDCs stimulated secretion
of high concentrations of IL-2 by the T cells.

To confirm further the inability of Type II pneumocytes to ef-
fectively stimulate T cell activation, we tested whether Type II
cells could activate allogeneic CD4� T cells. Type II cells or
BMDCs were incubated with allogeneic CD4� T cells for 3 days,
after which time [3H]thymidine was added. After �24 h, cells
were harvested and [3H]thymidine incorporation was measured as
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FIGURE 4. Although IFN-� treatment of Type II cells increased MHC II, Type II cells were still poor stimulators of T cell activation. A, Type II cells
were isolated from SP-C GFP mice treated for 3 days with IFN-� (in black) or saline (in gray). Isolated cells were analyzed for expression of MHC II, CD80,
and CD86 (open histograms). Isotype (for MHC II) or autofluorescence (for CD80 and CD86) controls are shown as filled histograms. B, 105 T cell
hybridomas were incubated with 2 � 105 IFN-� or saline treated Type II cells (TII) or BMDCs for 24 h. Then, IL-2 was measured in the supernatants by
ELISA. C, 105 T cells were incubated with allogeneic IFN-� or saline treated Type II cells or BMDCs for 3 days. Then, tritiated thymidine was added and
the cells were incubated for another 24 h. Incorporated radioactivity was measured as indicator of T cell activation and proliferation. B, Shown is a
representative experiment of three independent experiments done in duplicate. C, Results are indicative of two independent experiments done in triplicate.
Values are mean of triplicate � SE.
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an indicator of T cell activation and proliferation. Fig. 3B shows
that Type II cells were poor stimulators of alloreactivity in T cells,
whereas BMDCs were potent stimulators of allogeneic T cell pro-
liferation, even at low APC to T cell ratios. Together, the data
show that Type II cells are incapable of stimulating detectable T
cell activation.

Type II pneumocytes from IFN-�-stimulated mice are still poor
stimulators of T cell activation

IFN-� has been shown to up-regulate expression of MHC II on
Type II cells (7). To determine whether the inability of Type II
cells to effectively activate T cells is due to insufficient MHC II
expression, the Type II cells were tested for their ability to stim-
ulate T cells after their MHC II levels were up-regulated by i.v.
injection of IFN-� over a course of 3 days. Fig. 4A shows that upon
IFN-� treatment, MHC II expression was increased on the surface
of Type II cells, but CD80 and CD86 expression was still unde-
tectable. Furthermore, after IFN-� treatment, Type II cells were
still poor stimulators of T cell activation (Fig. 4B). Regardless of
treatment, the Type II cells stimulated negligible levels of IL-2
production by the T cells compared with the negative control with

T cells and OVA alone (no APC). Type II cells from IFN-� or
saline control-treated mice were also tested for their capacity to
activate allogeneic CD4� T cells. Consistent with the previous
data, IFN-�-induced up-regulation of MHC II did not affect the
ability of Type II cells to activate the allogeneic T cells (Fig. 4C).
Together, these data demonstrate that the level of MHC II expres-
sion does not affect the Type II cell’s ability to activate T cells,
which is consistent with the evidence that they do not possess the
proper costimulatory molecules necessary for complete T cell ac-
tivation (10, 17, 18).

Type II pneumocytes suppress subsequent T cell activation in
an Ag-specific fashion

Because Type II cells express MHC II, but not the costimulatory
molecules CD80 and CD86, we hypothesized that Type II pneu-
mocytes may tolerize T cells. This hypothesis was tested by co-
incubating Type II cells and DO11.10 T lymphocytes with or with-
out OVA peptide for 3 days. The cells were then washed and
BMDCs and fresh OVA peptide were added, and 2 days later, IL-2
concentrations in the supernatants were measured to determine
whether the pretreated T cells could be activated. T cells that were
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FIGURE 5. Type II cells suppress subsequent T cell activation in an Ag-dependent fashion. A, Five � 104 T cells were incubated with 2 � 105 Type
II cells (TII) and/or varying concentrations of OVA (primary activation) for 3 days, then washed. To reactivate, 7.5 � 104 BMDCs and 50 �g/ml fresh
OVA were added, and the cells were cultured for another 2 days. IL-2 was measured from supernatants by ELISA. B, Type II cells dose dependently
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preincubated with OVA peptide and Type II cells and then acti-
vated with BMDCs and additional OVA secreted lower levels of
IL-2 compared with T cells treated under the same conditions with
the exception of the addition of Type II cells (Fig. 5A). The high
levels of IL-2 secreted from the T cells preincubated in absence of
OVA but in the presence of Type II cells demonstrate that the
reduced IL-2 secretion seen in the T cells preincubated in the pres-
ence of OVA and Type II cells is not due to nonspecific suppres-
sion of T cell function due to Type II cell coincubation. Rather, it
demonstrates that the Type II cells are capable of suppressing T
cells in an Ag-specific manner. The level of IL-2 secretion from
the T cells incubated with OVA, Type II cells, and BMDCs above
background IL-2 secretion from T cells incubated with OVA alone
may be due to those T cells that were not suppressed sufficiently
during the initial priming. Fig. 5B shows that the Type II cells
dose-dependently suppress subsequent T cell activation in an Ag-
specific manner. Increasing numbers of Type II cells in the OVA-
prestimulated T cell cocultures resulted in greater suppression. Ad-
ditionally, we analyzed levels of the immunosuppressive cytokine
TGF-� in the supernatants after the preincubation of T cells with
or without Type II cells in the presence or absence of OVA. We
found no significant difference in total TGF-� (active and latent)
concentrations between T cells cocultured with or without Type II
cells (data not shown). Active TGF-� was not detected in any of
the supernatants tested (detection limit �47 pg/ml; data not
shown). These data indicate that TGF-� may not contribute sig-
nificantly to the Type II cell-induced T cell suppression.

Upon induction of tolerance, a T cell is “intrinsically function-
ally inactivated” (11). Thus, to test whether the observed T cell
unresponsiveness requires the continuous presence of Type II
cells, the T cells were removed from the Type II cell coculture on
day 3 and repurified before stimulation with BMDCs and OVA. As
shown in Fig. 6, T cells initially stimulated with Type II cells and
OVA are less responsive upon subsequent activation than T cells
incubated alone with OVA or the T cells that were not preincu-

bated with OVA in the presence or absence of Type II cells. This
finding demonstrates that the Ag-specific Type II cell-induced T
cell suppression is not dependent on constant Type II cell contact
or presence and that the suppression of T cells is not through an
indirect effect of the Type II cells on the BMDCs capacity to stim-
ulate T cells.

Discussion
Because MHC II expression is predominantly found only on pro-
fessional APCs that function to present Ag to T cells, the discovery
that Type II cells constitutively express MHC II suggested that
Type II cells may function in the immune response (7). Currently,
the role of the Type II cell in the immune system is not clearly
understood. In this study, we show that Type II cells isolated from
the naive lung can tolerize T cells to an Ag that serves as a model
of the innocuous Ags to which the lungs are constantly exposed.
We demonstrated that Type II cells suppress T cells from future
activation in an Ag-specific fashion.

We also demonstrated that, although Type II cells express MHC
II, they could not effectively activate T cells with specific Ag using
an OVA model or even by alloreactivity. BMDCs were capable of
generating a robust T cell activation using both assays. With in-
creasing concentrations of OVA, BMDCs elicited higher levels of
IL-2 secreted by the T cells. The BMDCs were also capable of
stimulating alloreactivity, even at numbers as low as 3 � 103. At
very high ratios of BMDCs to T cells, incorporated [3H]-thymidine
levels were reduced compared with those measured at lower ratios
of BMDCs to T cells, possibly as a consequence of the high level
of proliferation resulting in medium depletion or acidification.
Comparatively, Type II cells were weak stimulators of T cell ac-
tivation, inducing only low levels of IL-2 secretion or T cell pro-
liferation above the control levels observed with T cells alone. This
inability to potently activate T cells may be explained by the lack
of costimulatory molecule expression on Type II cells. For this
study, the Type II cells were plated directly on plastic with T cells
immediately after isolation. Because Type II cells are often cul-
tured on an extracellular matrix, we also tested whether Type II
cells cultured on a matrix (70/30 by volume) of Matrigel and col-
lagen, as previously described (19), activated T cells by alloreac-
tivity. Consistent with the data in Fig. 3B, the Type II cells cultured
on Matrigel were poor stimulators of T cell activation compared
with BMDCs, inducing only low levels of T cell proliferation
above the controls. Thus, Type II cells, whether plated on plastic
or extracellular matrix, are unable to effectively activate T cells.

Although we showed that Type II cells did not significantly
activate naive T cells in our system, others have shown that Type
II cells are capable of stimulating some effector or memory T cells
(20). These findings are consistent with the possibility that, al-
though Type II cells cannot effectively activate naive T cells, Type
II cells may still be capable of activating some T cells in the ef-
fector phase of an immune response or in a secondary (memory)
immune response because previously activated T cells are less de-
pendent on costimulation. Additionally, Qian et al. (21) showed by
immunohistochemistry that Type II cells from mice and the A549
Type II-like cell line both express ICOSL, which is a costimulatory
molecule that can stimulate activated and memory T cells (22). It
is important to note that, in the study of Qian et al. (21), Type II
cells were not identified by expression of a specific marker (e.g.,
SP-C) and therefore, the identity of the cells as Type II cells cannot
be confirmed as other cells types, especially since alveolar mac-
rophages and other leukocytes, can resemble Type II cells at the
light microscope level. We were unable to detect ICOSL on iso-
lated Type II cells by flow cytometry, but we found that the en-
zyme Dispase used for Type II cell isolation degraded ICOSL,
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repurified, plated at equal numbers (104), and stimulated with 104 BMDCs
and OVA. After 2 days, supernatants were collected and IL-2 was mea-
sured by ELISA. Results are expressed as a mean � SE of three indepen-
dent experiments done in triplicate. �, p � 0.05; ��, p � 0.01 vs T cells
preincubated with Type II cells and OVA.
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suggesting that if ICOSL is expressed by mouse Type II cells, it
may be degraded during the isolation process. However, because
ICOSL does not activate naive T cells due to the lack of its re-
ceptor (ICOS) expression on naive T cells, Type II cells may play
dual roles in the immune response. In the healthy lung, Type II
cells may tolerize naive or resting T cells to the plethora of non-
pathogenic particulates and potential allergens, but in the infected
or inflammed lung, Type II cells may be capable of aiding in the
activation of T cells in the effector phase of the immune response.

Because stimulation of naive T cells requires Ag in the context
of MHC II in the presence of costimulatory molecules, we hypoth-
esized that Type II cells, which do not express detectable levels of
CD80 or CD86, tolerize T cells. Our data show that Type II cells
isolated from the normal lung suppress subsequent T cell activa-
tion in an Ag-dependent manner, which is indicative of tolerance.
In addition, Type II cells dose-dependently suppressed future T
cell activation in an Ag-dependent fashion. There is also some
detectable Ag-independent suppression by the Type II cells, al-
though this may be attributable to medium acidification and de-
pletion of medium nutrients caused by rapid T cell proliferation
that occurred in the presence of the higher numbers of Type II cells
and BMDCs. The suppression of T cells by Type II cells did not
require the continuous presence of Type II cells, because upon the
removal of the Type II cells, the T cells were still hyporesponsive
to subsequent activation with BMDCs. This intrinsically sup-
pressed state is a hallmark of tolerance (11). The T cells that were
initially incubated with Type II cells and OVA secreted signifi-
cantly less IL-2 compared with the T cells incubated alone with
OVA or the T cells that were not preincubated with OVA in the
presence or absence of Type II cells. The highest levels of IL-2
secretion were seen in the condition with the T cells that were
initially primed alone with OVA, which may be due to the activation
of these T cells during the initial OVA incubation by the few con-
taminating APCs in the purified T cell preparation, because the puri-
fied T cells were generally only �95–98% pure.

Although we found that Type II cells do not express detectable
levels of CD80 or CD86, they do express high levels of ICAM-1.
The expression of the accessory molecule, ICAM-1, along with
MHC II in the absence of CD28 costimulation has been shown to
be sufficient to induce tolerance in naive T cells (23). Thus, Type
II cells appear to possess the necessary molecules for inducing
tolerance in naive T cells. Moreover, a recent study provided ev-
idence that not only effector T cells but also naive T cells migrate
through nonlymphoid organs, especially the lung, and proposed
that the purpose of the migration may be for peripheral tolerance
induction (24). Seen in this aspect, it is intriguing to speculate that
Type II cells may participate in the induction of peripheral
tolerance.

In addition to analyzing the expression of costimulatory molecules
on Type II cells, we also tested for the expression of the inhibitory
ligands PD-L1 and PD-L2, because the PD-1-PD-L inhibitory sig-
naling pathway is implicated in suppressing T cell responses and
promoting T cell tolerance (25). The expression of PD-L1 and
PD-L2 has not been reported on Type II cells in vivo or on primary
Type II cells, although it has been reported that PD-L1 and very
low levels of PD-L2 are expressed on the A549 cell line (26). We
were not able to detect PD-L1 or PD-L2 expression on isolated
Type II cells, however we found that the enzyme Dispase used for
Type II cell isolation degraded PD-L1 and PD-L2 suggesting that
if they were expressed by mouse Type II cells, they may be de-
graded during the isolation process. Because analysis of Type II
cell function in vitro requires that the cells be isolated by en-
zymatic digestion, we cannot exclude the possibility that Type
II cells in situ express PD-L1 or PD-L2. Nevertheless, our data

do support the conclusion that the Type II cell tolerizing mech-
anism we have observed in vitro is independent of PD-L1 or
PD-L2.

OVA peptide was used for our Ag presentation assays to cir-
cumvent the problems with determining Ag processing efficiency
in Type II cells in vitro. Although we did not demonstrate that
Type II cells have the capacity to process Ag for presentation,
others have shown that Type II cells have the ability to take up and
process Ag. In A549 cells, a Type II-like cell line, Ag uptake and
trafficking was shown to follow a class II endocytic pathway in
which Ag colocalized with intracellular MHC II (27). In vivo up-
take of HRP by rat type II cells has also been demonstrated (28).
We additionally confirmed that Type II cells in vivo could inter-
nalize OVA protein. Finally, Debbabi et al. (20) showed that Ag
processing was necessary for the Type II cells to stimulate the
preactivated T cells using an Ag pulse-fix method. Type II cells
pulsed with protein Ags before fixing were capable of stimulating
the T cells, but those fixed before being incubated with Ags could
not stimulate the T cells.

In this report, we demonstrate that Type II cells express MHC II
but do not express CD80 or CD86. It is important to note, though,
that there are conflicting studies in the literature regarding Type II
cell expression of CD80 and/or CD86. For example, Zissel et al.
(29) found by flow cytometry that CD80 and CD86 were expressed
on human Type II cells from tumor-free lung sections from tumor
patients. However, the parameters for defining percent positive for
CD80 or CD86 was not defined and it appears that nonspecific
binding was not assessed using isotype controls. In contrast, a
study by Cunningham et al. (9), which also used isolated primary
human Type II cells but included nonspecific Ab controls, found
no CD80 or CD86 expressed on human Type II cells by flow
cytometry. Other studies reporting the expression of CD80 and/or
CD86 on Type II cells did not use primary isolates of Type II cells,
but rather used the carcinoma-derived A549 cell line (30, 31),
which is sometimes used as a Type II-like cell line but is not truly
representative of Type II cells of the alveolar space (32). Other
reports used cultures of respiratory epithelial cells that may contain
Type II cells, but also likely includes other epithelial cells that may
confound their results (31). Thus, it is important to consider these
issues when comparing our studies with those referenced above.

To validate further our data showing the expression of MHC II
and lack of CD80 and CD86, we confirmed that the enzymatic
isolation method used for obtaining primary Type II cells has no
effect on the cell surface expression of CD80 and CD86. We in-
cubated splenocytes or BMDCs with Dispase enzyme for 1 or 2 h
and analyzed them for cell surface protein expression of a variety
of markers by flow cytometry. We found that although Dispase
treatment resulted in the complete loss of cell surface ICOSL and
a greater than 80% loss of cell surface PD-L1 and 2 (as discussed
above), it only minimally affected surface expression of CD80,
CD86, CD54, and CD40 (data not shown). MHC II was reduced to
a slightly greater extent (30–40% reduction). Thus, the lack of
CD80 or CD86 on primary Type II cells does not appear to be a
consequence of the enzymatic isolation method.

Positioned in the alveolus at the barrier between the outside
gases and the body’s vital blood supply, Type II alveolar epithelial
cells are at the optimal position for defending the lungs and body
from the continuous barrage of pathogenic and nonpathogenic in-
haled Ags. During a pulmonary infection, Type II cells may be
able to help defend the lungs from pathogenic Ags by stimulating
T cells in the effector phase of the immune response. We propose
that in the healthy lung, Type II cells protect the lungs from un-
necessary inflammation by tolerizing T cells to the numerous po-
tentially innocuous Ags to which the lungs are daily exposed.
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Thus, studying this mechanism of suppression may aid in the un-
derstanding of pulmonary inflammatory diseases, such as allergies
or asthma, which may occur when there is a break in tolerance.

Acknowledgments
We thank Robert Nielsen for technical assistance in confocal microscopy,
Dr. Farshid Guilak in Orthopaedic Surgery (Duke University Medical Cen-
ter) for use of his Zeiss Axiovert 100M confocal microscope, Olenka
Dunin-Borkowski and Magdalena Zernicka-Goetz (Gurdon Institute, Cam-
bridge) for DNA constructs, and Dr. Mike Cook, Lynn Martinek, and the
Duke University Comprehensive Cancer Flow Cytometry facility for flu-
orescence activated cell sorting (FACS).

Disclosures
The authors have no financial conflict of interest.

References
1. Wright, J. R. 2005. Immunoregulatory functions of surfactant proteins. Nat. Rev.

Immunol. 5: 58–68.
2. Fehrenbach, H. 2001. Alveolar epithelial type II cell: defender of the alveolus

revisited. Respir. Res. 2: 33–46.
3. Singh, G., S. L. Katyal, W. E. Brown, D. L. Collins, and R. J. Mason. 1988.

Pulmonary lysozyme: a secretory protein of type II pneumocytes in the rat. Am.
Rev. Respir. Dis. 138: 1261–1267.

4. Strunk, R. C., D. M. Eidlen, and R. J. Mason. 1988. Pulmonary alveolar type II
epithelial cells synthesize and secrete proteins of the classical and alternative
complement pathways. J. Clin. Invest. 81: 1419–1426.

5. Mason, R. J. 2006. Biology of alveolar type II cells. Respirology 11 (Suppl.):
S12–S15.

6. Vanderbilt, J. N., E. M. Mager, L. Allen, T. Sawa, J. Wiener-Kronish,
R. Gonzalez, and L. G. Dobbs. 2003. CXC chemokines and their receptors are
expressed in type II cells and upregulated following lung injury. Am. J. Respir.
Cell Mol. Biol. 29: 661–668.

7. Harbeck, R. J., N. W. Gegen, D. Struhar, and R. Mason. 1988. Class II molecules
on rat alveolar type II epithelial cells. Cell. Immunol. 111: 139–147.

8. Cunningham, A. C., D. S. Milne, J. Wilkes, J. H. Dark, T. D. Tetley, and
J. A. Kirby. 1994. Constitutive expression of MHC and adhesion molecules by
alveolar epithelial cells (type II pneumocytes) isolated from human lung and
comparison with immunocytochemical findings. J. Cell Sci. 107: 443–449.

9. Cunningham, A. C., J. G. Zhang, J. V. Moy, S. Ali, and J. A. Kirby. 1997. A
comparison of the antigen-presenting capabilities of class II MHC-expressing
human lung epithelial and endothelial cells. Immunology 91: 458–463.

10. Appleman, L. J., and V. A. Boussiotis. 2003. T cell anergy and costimulation.
Immunol. Rev. 192: 161–180.

11. Schwartz, R. H. 2003. T cell anergy. Annu. Rev. Immunol. 21: 305–334.
12. Glasser, S. W., T. R. Korfhagen, S. E. Wert, M. D. Bruno, K. M. McWilliams,

D. K. Vorbroker, and J. A. Whitsett. 1991. Genetic element from human surfac-
tant protein SP-C gene confers bronchiolar-alveolar cell specificity in transgenic
mice. Am. J. Physiol. 261: L349–L356.

13. Corti, M., A. R. Brody, and J. H. Harrison. 1996. Isolation and primary culture
of murine alveolar type II cells. Am. J. Respir. Cell Mol. Biol. 14: 309–315.

14. Inaba, K., M. Inaba, N. Romani, H. Aya, M. Deguchi, S. Ikehara, S. Muramatsu,
and R. M. Steinman. 1992. Generation of large numbers of dendritic cells from
mouse bone marrow cultures supplemented with granulocyte/macrophage colo-
ny-stimulating factor. J. Exp. Med. 176: 1693–1702.

15. Brinker, K. G., E. Martin, P. Borron, E. Mostaghel, C. Doyle, C. V. Harding, and
J. R. Wright. 2001. Surfactant protein D enhances bacterial antigen presentation
by bone marrow-derived dendritic cells. Am. J. Physiol. 281: L1453–L1463.

16. Altmann, D. M., N. Hogg, J. Trowsdale, and D. Wilkinson. 1989. Cotransfection
of ICAM-1 and HLA-DR reconstitutes human antigen-presenting cell function in
mouse L cells. Nature 338: 512–514.

17. Mueller, D. L., M. K. Jenkins, and R. H. Schwartz. 1989. Clonal expansion
versus functional clonal inactivation: a costimulatory signalling pathway deter-
mines the outcome of T cell antigen receptor occupancy. Annu. Rev. Immunol. 7:
445–480.

18. Harding, F. A., J. G. McArthur, J. A. Gross, D. H. Raulet, and J. P. Allison. 1992.
CD28-mediated signalling co-stimulates murine T cells and prevents induction of
anergy in T-cell clones. Nature 356: 607–609.

19. Rice, W. R., J. J. Conkright, C. L. Na, M. Ikegami, J. M. Shannon, and
T. E. Weaver. 2002. Maintenance of the mouse type II cell phenotype in vitro.
Am. J. Physiol. 283: L256–L264.

20. Debbabi, H., S. Ghosh, A. B. Kamath, J. Alt, D. E. Demello, S. Dunsmore, and
S. M. Behar. 2005. Primary type II alveolar epithelial cells present microbial
antigens to antigen-specific CD4� T cells. Am. J. Physiol. 289: L274–L279.

21. Qian, X., K. Agematsu, G. J. Freeman, Y. Tagawa, K. Sugane, and T. Hayashi.
2006. The ICOS-ligand B7–H2, expressed on human type II alveolar epithelial
cells, plays a role in the pulmonary host defense system. Eur. J. Immunol. 36:
906–918.

22. Sharpe, A. H., and G. J. Freeman. 2002. The B7-CD28 superfamily. Nat. Rev.
Immunol. 2: 116–126.

23. Ragazzo, J. L., M. E. Ozaki, L. Karlsson, P. A. Peterson, and S. R. Webb. 2001.
Costimulation via lymphocyte function-associated antigen 1 in the absence of
CD28 ligation promotes anergy of naive CD4� T cells. Proc. Natl. Acad. Sci.
USA 98: 241–246.

24. Cose, S., C. Brammer, K. M. Khanna, D. Masopust, and L. Lefrancois. 2006.
Evidence that a significant number of naive T cells enter non-lymphoid organs as
part of a normal migratory pathway. Eur. J. Immunol. 36: 1423–1433.

25. Keir, M. E., L. M. Francisco, and A. H. Sharpe. 2007. PD-1 and its ligands in
T-cell immunity. Curr. Opin. Immunol. 19: 309–314.

26. Stanciu, L. A., C. M. Bellettato, V. Laza-Stanca, A. J. Coyle, A. Papi, and
S. L. Johnston. 2006. Expression of programmed death-1 ligand (PD-L) 1, PD-
L2, B7–H3, and inducible costimulator ligand on human respiratory tract epithe-
lial cells and regulation by respiratory syncytial virus and type 1 and 2 cytokines.
J. Infect. Dis. 193: 404–412.

27. Salik, E., M. Tyorkin, S. Mohan, I. George, K. Becker, E. Oei, T. Kalb, and
K. Sperber. 1999. Antigen trafficking and accessory cell function in respiratory
epithelial cells. Am. J. Respir. Cell Mol. Biol. 21: 365–379.

28. Gregson, R. L., N. A. Edmondson, and B. Plesch. 1982. Preferential uptake of
soluble antigen by respiratory tract epithelium overlying bronchus-associated
lymphoid tissue in the rat. Adv. Exp. Med. Biol. 149: 499–505.

29. Zissel, G., M. Ernst, K. Rabe, T. Papadopoulos, H. Magnussen, M. Schlaak, and
J. Muller-Quernheim. 2000. Human alveolar epithelial cells type II are capable of
regulating T-cell activity. J. Investig. Med. 48: 66–75.

30. Vaschetto, R., J. Grinstein, L. Del Sorbo, A. A. Khine, S. Voglis, E. Tullis,
A. S. Slutsky, and H. Zhang. 2007. Role of human neutrophil peptides in the
initial interaction between lung epithelial cells and CD4� lymphocytes. J. Leu-
kocyte Biol. 81: 1022–1031.

31. Oei, E., T. Kalb, P. Beuria, M. Allez, A. Nakazawa, M. Azuma, M. Timony,
Z. Stuart, H. Chen, and K. Sperber. 2004. Accessory cell function of airway
epithelial cells. Am. J. Physiol. 287: L318–L331.

32. Mason, R. J., and M. C. Williams. 1980. Phospholipid composition and ultra-
structure of A549 cells and other cultured pulmonary epithelial cells of presumed
type II cell origin. Biochim. Biophys. Acta 617: 36–50.

888 TYPE II CELLS TOLERIZE T CELLS


