Activated Leukocyte Cell Adhesion Molecule: A Novel Regulator of
Allergic Inflammation in the Airways

Dendritic cells (DCs), the most proficient antigen-presenting cells
of the immune system, are essential for the priming of immune
responses (1). In the lungs, DCs are located at the basolateral
site of the epithelium and continuously sense pathogens and
other danger signals in the environment, traffic to the draining
lymph nodes, and secrete cytokines, guiding the activation and
differentiation of antigen-specific T cells (2). Seminal studies
have uncovered DC-mediated T-cell priming as a prerequisite

for the generation of T-helper cell type 2 (Th2) effector responses
to inhaled allergens and for the development of allergic airway
inflammation (3, 4).

The crosstalk between DCs and T cells is orchestrated by
cognate interactions between receptors and ligands, organized
in structures termed immunological synapses (5, 6). The formation
of synapses is a highly dynamic process, involving the movement
and spatial location of surface molecules (TCR [T-cell receptor]/
MHC [major histocompatibility complex], CD28/B7, LFA-1
[lymphocyte function-associated antigen 1]/ICAM-1 [intercellular
adhesion molecule 1], etc.), cytoskeleton proteins (F-actin and
tubulin), and signal transduction molecules (tyrosine kinases,
protein kinase B, etc.) (5, 6). Activated leukocyte cell adhesion
molecule (ALCAM; also known as CD166) is expressed by several
cell types, including neurons, fibroblasts, endothelial cells, and
keratinocytes (7, 8), and exhibits critical biological functions, such
as leukocyte extravasation, stabilization of the immunological
synapse, T-cell activation, and tumor progression and metastasis
(9-11). ALCAM has also pro-inflammatory functions in a model of
delayed type hypersensitivity (12).

Expanding on these findings, in this issue of the Journal,
Kim and colleagues (pp. 994-1008) investigate the in vivo role of
ALCAM in two mouse models of allergic airway inflammation
(ovalbumin [OVA]- and house dust mite-induced), using
ALCAM /" mice (13). Initially, the authors demonstrate that
ALCAM levels are increased in the BAL fluid and serum and
decreased in the lung tissue in allergic mice compared with
healthy controls. Notably, their findings revealed that ALCAM
deficiency induced a significant amelioration in hallmarks of
experimental asthma, including airway hyperresponsiveness,
pulmonary inflammation, mucus secretion, and total numbers of
infiltrating cells in the BAL fluid. In addition, allergen-specific
Th2-cell responses in the periphery were significantly decreased,
indicative of decreased T-cell activation in ALCAM /™ mice
compared with wild-type littermates. The results by Kim and
colleagues are interesting and novel as they uncover a key role for
ALCAM in allergic airway disease in vivo; still, several questions
remain unanswered. For example, the current studies do
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not distinguish between the in vivo effects of soluble versus
cell-bound ALCAM. This is important, as soluble ALCAM
(sALCAM) has been reported to negatively regulate ALCAM
functions and to inhibit T-cell activation (8, 14). Nevertheless,
considering that ALCAM ™'~ mice, as well as in vivo depletion
with an anti-ALCAM antibody, led to decreased allergen-
driven airway inflammation, one can postulate that both
SALCAM and cell-bound ALCAM have similar immune-
stimulatory properties, and/or the effects of cell-bound
ALCAM are predominant over those of the secreted form
(Figure 1).

The authors went on to investigate the role of ALCAM
in DC-mediated allergen priming in vivo. Their findings revealed
that in vivo transfer of allergen-exposed bone marrow-derived
DCs isolated from ALCAM /™ mice into recipients whose
CD4" T cells bear a TCR that is specific for chicken OVA
323-339 peptide in the context of I-Ab, before OV A sensitization
or challenge, resulted in decreased Th2 cell-associated
inflammation, indicative of the inhibition of DC-induced T-cell
priming. Still, examination of the immunophenotype of lung
CD11c"CD11b"™ DCs in ALCAM '~ mice did not show
discernible differences in the expression of the costimulatory
molecules CD80, CD86, and CD40, suggesting that ALCAM
deficiency affects other DC characteristics. Building on these
results, it would be interesting to investigate whether ALCAM /™
DCs acquire tolerogenic properties, such as expression of
immunoregulatory molecules (PDL-1 [programmed death
ligand 1], IDO [indoleamine 2,3-dioxygenase], IL-10, TGF-3
[transforming growth factor-B], etc.), and drive the generation
and/or expansion of T-regulatory (Treg) cells. Studies by our
group and others have revealed that tolerogenic DCs hinder Th2
allergic responses and instruct Treg cells that restrain allergic
airway inflammation upon transfer in vivo (2, 15). Taken
together, one would expect that the amelioration of airway
inflammation observed in ALCAM '~ mice would be associated
with increased numbers and/or function of Treg cells (Figure 1).
Alternatively, as ALCAM participates in the formation of the
immunological synapse, functional interactions between DCs and
Treg cells may be altered in conditions wherein ALCAM is
absent, leading to reduced Treg-cell responses. Future studies
focusing on Treg cell-mediated responses in ALCAM /™ mice
should help resolve these important questions. Moreover,
comprehensive analyses using high-throughput flow cytometry
and molecular biology assays, including single-cell RNA
sequencing, will provide critical insight into the effects of
ALCAM signaling on DC phenotypic and functional
characteristics.

Kim and colleagues also report that ALCAM deficiency
decreases the trafficking of DCs and T cells in the airways, pointing
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Figure 1. (A) Activated leukocyte cell adhesion molecule (ALCAM)*"* dendritic cells (DCs), prime naive T cells in the presence of allergen, partly
through the binding of ALCAM on DCs to CD6 on T cells. This leads to T-cell differentiation toward T-helper cell type 2 (Th2). On allergen challenge,
ALCAM-CDES interactions enhance Th2 effector responses, leading to the development of allergic airway inflammation. (B) In parallel, ADAM17
expression is elevated in lung tissue-resident cells and cleaves DC-bound ALCAM, releasing its soluble form (SALCAM). The outcome of the interactions
of CD6 on the surface of Th2 cells with SALCAM remains elusive. (C) ALCAM ™'~ DCs do not adequately prime T-cell responses, and thus, on
allergen challenge, defective Th2 responses fail to induce allergic airway inflammation. ALCAM ™~ DCs may also promote the generation of
regulatory T cells, suppressive against overactive allergic responses in the airways. Hematoxylin and eosin photos adapted from Reference 13.
ADAM17 = a disintegrin and metalloproteinase 17; MHC Il = major histocompatibility complex Il; TCR = T-cell receptor; Tnaive = naive T cells;

Treg = regulatory T cells.

to this as a mechanism underlying dampened airway inflammation.
Additional investigation is, however, required to delineate

the precise role of ALCAM in Th2-cell differentiation in vivo.
Notably, in a therapeutic setting, the authors showed that in vivo
administration of an ALCAM neutralizing antibody restrained
clinical features of allergic airway inflammation, highlighting
ALCAM as a potential new therapeutic target for allergic

asthma. These findings, however, should be considered with
caution. Given that ALCAM participates in fundamental biological
processes, including T-cell activation (10, 11), a key question

that arises is how ALCAM signaling can be inhibited in vivo
without inducing overt immune suppression, leading to serious
complications, such as chronic infections and/or cancer. In

fact, decreased ALCAM levels have been linked to malignancy
and poor prognosis in patients with breast cancer (16, 17).

In this context, administration of anti-ALCAM antibody

and/or inhibitors locally in the affected airways may provide
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significant therapeutic benefit and should be investigated in
future studies.

In line with the data on the mouse experimental
models, Kim and colleagues discovered increased ALCAM
levels in the serum and sputum in children with asthma. In
addition, they identified an ALCAM variant that confers
protection against asthmatic disease. Although these findings
seem very promising, it is too soon to suggest ALCAM as a novel
biomarker for allergic asthma. The challenge now is to
validate these findings in a larger cohort of patients, including
adults, and to consolidate the significance of the ALCAM
variant in disease protection. In closing, Kim and colleagues
have conducted an ambitious and well-designed study that
constitutes an important contribution to our current
knowledge of the role of ALCAM in DC-Th2-cell
interactions with potentially important ramifications for
human asthma. @
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How Long Should We Be Vigilant after a Hospitalization for a Chronic
Obstructive Pulmonary Disease Exacerbation?

The prognosis after a hospitalization for a chronic obstructive
pulmonary disease (COPD) exacerbation is of substantial interest
to patients, caregivers, clinicians, policymakers, and other
stakeholders. In the United States, the mean 30-day all-cause risk
of readmission after a hospitalization for a COPD exacerbation

is about 20%, but the risk can vary between 17% and 28%

across different hospitals (1). Likewise, the risk for death after a
hospitalization for a COPD exacerbation is about 9% at 30 days, but
can vary between 6% and 14% (2). Multiple factors contribute to the
variability in the 30-day risks for readmissions and death, including
the need for ventilatory support for respiratory failure, use of home
oxygen, presence of coexisting conditions, patient’s social support
and other socioeconomic factors, patient self-management skills and
behaviors, quality of inpatient care, and accessibility to high-quality
postdischarge care (3-7). In response to these observations in the
United States and similar findings in other countries, policymakers
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have sought to reduce the short-term risk for adverse outcomes by
promoting the delivery of transitional care services tailored to the
populations that hospitals serve (8, 9).

Some studies have also examined the longer-term risks of
a readmission and death after a hospitalization for a COPD
exacerbation. Five studies in Europe (100-757 patients per study
in the Netherlands, Spain, and United Kingdom) suggest that the
all-cause risk for death at 1 year is 22-36%, or at least double
the risk observed at 30 days (10-14). The corresponding risks of
1-year outcomes in the United States, however, are not as well
understood. In this issue of the Journal, Lindenauer and colleagues
(pp. 1009-1017) fill this important knowledge gap (15). Lindenauer
and colleagues analyzed the risks of all-cause readmission and
death after more than 2.3 million hospitalizations among U.S.
Medicare beneficiaries who were at least 65 years old and compared
their findings with age-, sex-, and race-adjusted risks in a general
population of more than 23 million U.S. Medicare beneficiaries.

There are several notable findings. First, the 1-year cumulative
risks of readmission and death after a hospitalization for a COPD
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