
to be translated into sex-related susceptibility to wheeze pheno-
types, with a predominance of persistent (allergic) wheeze in young
male children (11). As children approach adolescence, sex-specific
influences may be further transformed into biomarkers of higher
allostatic load and allergic asthma in boys (12).

In our continued search for evidence on the fetal program-
ming effects of stress on infant wheeze and atopic disease de-
velopment, it is important to recognize that the postnatal period
is also a critical window for the programming of future health. It
is during infancy that the immune system develops in response to
training from microbes of the infant gut, a biologic system that is
also established during infancy (13). Intriguing evidence from
animal studies indicates that stressful events during infancy
have the capacity to modify the establishment of the human
gut microbiome. Even more intriguing are new findings from
Gonzalez and colleagues that point to the importance of mater-
nal early-life adversity and subsequent cortisol abnormalities
during the postpartum period in contributing to poor mother–
infant interactions and infant stress (14). Fetal programming,
which was initially focused on nutrition as a pathway for future
disease, has since expanded to include psychobiological hy-
potheses on fetal and infant exposure to stress. Studies like
those by Wright and colleagues are invaluable in providing ev-
idence for these hypotheses in relation to wheeze phenotypes.
However, knowing the context of maternal stress is essential to
successful strategies for the primary prevention of wheeze in
children.

Author disclosures are available with the text of this article at www.atsjournals.org.
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B Cells Produce CXCL13 in Lymphoid Neogenesis
during Chronic Obstructive Pulmonary Disease
The New Kid on the Block?

Tertiary lymphoid organs (TLO) or ectopic lymphoid follicles
are lymphoid aggregates with specialized structures that form
under chronic inflammatory processes (1). Their denomination
comes from the resemblance these structures bear with second-
ary lymphoid organs (SLOs), and include the presence of de-
fined B- and T-cell areas, follicular dendritic cells, the promotion of
lymphatic development, and the acquisition of high endothelial
venule properties by blood vessels (1). TLOs, however, differ from
SLOs in that they are not developmentally preprogrammed and
appear after exposure to antigen. TLOs have been described in a
variety of inflammatory and infectious settings, including influenza

(2) and Mycobacterium tuberculosis (3) infections as well as
autoimmune conditions such as rheumatoid arthritis (4), mul-
tiple sclerosis (5), and systemic lupus erythematosus (6). There
is accumulating evidence suggesting that TLOs may be in-
volved in local immune responses that may occur under in-
flammatory conditions. As such, development of TLOs often
correlates with disease aggravation and promotion of autore-
active T- and B-cell activation in autoimmune conditions (1).
However, in some infectious diseases, as is the case in tuberculosis
(7), their presence may be associated with development of protec-
tive immune responses and improved pathogen control.

Chronic obstructive pulmonary disease (COPD) is a progres-
sive, not fully reversible inflammatory respiratory disorder char-
acterized by limitation of airflow in the lung, including obstructive
bronchitis and emphysema (8). Although the main etiological factor
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is smoking, coal dust exposure and a1-antitrypsin deficiency have
also been associated with COPD development (9). In patients with
COPD (10) and in mouse models (11), previous reports have de-
scribed the presence of lymphoid follicles in the lung; however, the
precise mechanisms mediating lymphoid follicle development in the
COPD lung remain unknown. In this issue of the Journal, Litsiou
and colleagues (pp. 1194–1202) seek to address the role of CXCL13
in TLOs during COPD in the human lung (12). Although other
studies have demonstrated a role for CXCL13 and lymphotoxin
(LT) in lymphoid neogenesis in a mouse model of COPD (11),
the current study is one of the first studies to examine the dynam-
ics of CXCL13 expression in samples from patients with COPD.
Here, the authors report elevated levels of CXCL13 in the lung
follicles of patients with COPD and show a positive correlation
between the area occupied by lymphoid follicles and lung
CXCL13 levels. Interestingly, no correlation was seen between
lung CXCL13 levels and the levels of proinflammatory cytokines
such as TNFa and IL-8, cytokines used as a measure of severity of
lung inflammation. Importantly, and unlike other pathologies
where follicular dendritic cells, macrophages, and monocytes are
the main producers of CXCL13 (13), B cells were identified as
themain source of CXCL13 in COPD lung samples. B cells produced
LT, exhibited the highest expression levels of LTbR, and were che-
motactic toward CXCL13 gradients. CXCL13, in turn, increased the
expression of membrane-bound LT in B cells, further stimulating
CXCL13 production and establishing a positive feedback loop that
perpetuates lymphoid follicle formation (Figure 1).

Thus, the findings described in this article add clinical rele-
vance to findings from the COPDmouse model, and suggest that
mechanisms leading to ectopic lymphoid follicle formation are
possibly conserved across species. Namely, LT overexpression
in different organs has been shown to up-regulate the expression
of the homeostatic chemokines CXCL13 and CCL21, which pro-
mote the development of organized B- and T-cell zones, and
CCL19, which favors lymphocyte and dendritic cell migration
(13). In this article, B cells were identified as the main source
of CXCL13 in lung samples from patients with stage 2 COPD
who underwent surgery and exhibited moderate to severe

persistent inflammation and established lymphoid follicles.
The described feedback loop involving CXCL13 and LT may
thus occur at a later phase of lymphoid neogenesis, and likely
feeds into the innate mechanisms that initiate the early stages of
lung inflammation. Mouse studies have identified that innate cells,
including macrophages, neutrophils, and dendritic cells, are the
first cells to be recruited to the lung after cigarette smoke exposure
(14). Innate immune cells thus respond to proinflammatory mole-
cules induced by cigarette smoke, including the up-regulation of IL-
17 production through stimulation by the aryl hydrocarbon receptor
(15). One such response is likely the IL-17–driven increase of CXCL13
production (16), through either LT-dependent or -independent
pathways. Elucidating the kinetics of lymphoid follicle forma-
tion and the cytokines and chemokines responsible for their
induction and maintenance will provide valuable information
to understand the biology and clinical progression of COPD.

The role of TLOs in COPD and its impact on disease progres-
sion remains controversial. It is possible that lymphoid follicle for-
mation is associated with the development of protective responses
against infectious agents in COPD, evidenced by the suspension of
the clinical trial involving the use of rituximab (a human/mouse
monoclonal antibody directed against the CD20 antigen) for
COPD treatment due to increased infectious complications (14).
Other studies, however, associate lymphoid follicle formation in
COPD to the development of pathogenic autoantibodies and the
persistence of inflammation (14). Indeed, the number of lymphoid
follicles present in small airways is increased in patients with se-
vere COPD when compared with those with mild COPD or
healthy control subjects. It would be interesting to determine
whether smoking cessation induces the regression of these struc-
tures or if they contribute to the continued inflammation and lung
damage seen in patients with COPD who have fully stopped
smoking. B cell populations present in ectopic lymphoid follicles
in COPD have been shown to be oligoclonal, suggesting that
antigen-specific responses may be involved in lymphoid neogenesis
(14). Elucidating the antigen specificity of these B cells will shed
further light on the still-debated etiological factors leading to
COPD.

Figure 1. A role for CXCL13 in

a feedback loop that promotes

the maintenance of chronic
obstructive pulmonary disease

(COPD) lymphoid follicles.

Lymphoid follicles with defined

B- and T-cell areas, a network of
follicular dendritic cells, and in-

filtrating dendritic cells andmac-

rophages have been described
in COPD. In these structures,

CXCL13 production is instru-

mental for guiding T- and B-cell

migration. CXCL13 signaling
stimulates membrane-bound

lymphotoxin expression by B

cells, which in turn stimulates

CXCL13 production by these
cells. This positive feedback

mechanism contributes to the

recruitment of additional cells
to lung follicles and likely pro-

motes tertiary lymphoid organ

permanence in patients with

COPD. DC ¼ dendritic cell;
FDC ¼ follicular dendritic cell;

LT ¼ lymphotoxin.
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In summary, defining the mechanisms leading to lymphoid
follicle formation in different stages of COPD, as well as the
characteristics of the cells recruited and the reversibility of
the process, will contribute to the global understanding of the
nature of the antigenic signals that perpetuate inflammation and
development of TLOs in COPD. Importantly, gaining knowledge
on these processes may suggest novel therapeutic avenues, includ-
ing the use of CXCL13 antagonists, for the treatment of COPD.
The continued use of relevant animal models and validation in hu-
man samples from patients is required to address these questions
and progress the field forward.
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Intensive Care Unit Research and Informed
Consent: Still a Conundrum

In this issue of the Journal, Burns and colleagues (pp. 1212–
1218) from the highly productive Canadian Critical Care Trials
Group tackle further the subtleties of and challenges to con-
ducting research in intensive care patients due to the require-
ment to obtain informed consent (1). They report findings
from a 1-month (2009) prospective observational study of 452
“eligibility events” in 291 patients in 23 Canadian intensive care
units (ICUs). This study explored consent procedures (alterna-
tives) and rates (obtained or denied), time intervals, and moti-
vations of decision makers. Although informed consent was
rarely explicitly denied (8.6%), the not entirely unexpected
results demonstrate that less than one-half of all opportunities
to recruit eligible patients were successful. Unfortunately, in the
ICU setting, room for improvement of consent procurement
appears scant. This is why this article is so valuable; it analyzes
the current situation and identifies several potentially modifiable
barriers to recruitment of ICU patients. These include the stan-
dard ban on coenrollment and short windows for recruitment.

Much has been said and published on the barriers to conduct-
ing clinical trials in the setting of intensive care. Patients are gen-
erally unconscious or lack capacity to make decisions, and are at
high risk of dying. Families are understandably stressed. Time

windows for inclusion are short or very short. Despite all these
impediments, ICU doctors are successfully conducting research,
the intimate contact with severe diseases, suffering, and death
providing strong incentives. Other less noble reasons may also
play a role. These include financial and nonfinancial conflicts
of interest (2), related to the prominent role of publication of
research in advancing academic careers, as was first emphasized
by H. K. Beecher (3). We claim that it would be unethical not to
conduct investigations in this high-risk population to attempt to
improve outcome. However, present laws and lawmakers do not
help. “Adaptations” to individual and initial consent (waiving
or deferral) became possible for emergency research in the U.S.
Code only in 1996 (4) and in the United Kingdom nearly
10 years later (5). As for the European directive of 2001 (6), it
completely omitted the issue; the current proposal by the Eu-
ropean Commission for a new regulation of clinical trials (7)
proposes to fix this bizarre omission, but it will be effective at
best in 2016! Moreover, if the current proposal is voted as it
stands, only authorized drugs will be permitted to undergo clin-
ical trial, thus banning innovative therapy for research for the
most devastating diseases. The situation is no better for patients
who are unable to consent due to cognitive impairment—whether
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