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Tertiary Lymphoid Structures Target the Antitumor
Immune Response to Lung Cancer

Lung cancer develops in a complex and dynamic microenvironment
that includes stromal cells, endothelial cells, inflammatory cells, and
lymphocytes that interact with each other and with malignant cells.
Depending on the cell types that are present, the microenvironment
may promote tumor growth, invasion, and metastasis. However, the
microenvironment may also promote successful antitumor immune
responses that retard tumor growth or even lead to tumor rejection.
For example, patients with non–small cell lung carcinoma can be
divided into two groups based on the histological appearance of
tertiary lymphoid structures (TLS) adjacent to tumors in the lung
(1, 2). Those patients with TLS have a strikingly better overall
prognosis and long-term survival than those without (1). Early
studies show that the density of T cells and dendritic cells in the
tumor-associated TLS correlates with better clinical outcomes (1).
Now a follow-up study by Germain and colleagues (pp. 832–844)
in this issue of the Journal (3) shows that the size and density of
B-cell follicles, the size and number of germinal centers, and the
number of antibody-secreting plasma cells in tumor-associated TLS
also correlate with a better clinical outcome. Importantly, B cells
responding in tumor-associated TLS appear to be participating in
the antitumor immune response, as B cells cultured from TLS-
containing biopsies produce tumor antigen–specific antibodies (3).
Thus, there seems to be a functional link between the development of
tumor-associated TLS and a protective response against the tumors.

How might TLS promote antitumor immunity? TLS in the
lung are often termed bronchus-associated lymphoid tissue (BALT)
and are typically observed after pulmonary infection or
inflammation (4). These tissues have a structure similar to that of
conventional lymphoid organs, consisting of large B-cell follicles
surrounded by T-cell areas that also contain dendritic cells (5).
BALT functions like a secondary lymphoid organ and can
independently initiate local B- and T-cell responses (6) and serves

as a reservoir of memory B and T cells (7). Importantly, mice with
BALT are strikingly more resistant than mice without BALT to
pulmonary infection with a variety of infectious agents (6, 8). In
fact, mice that have BALT will easily survive a dose of influenza
or the corona virus associated with severe acute respiratory
syndrome that rapidly kills mice that lack BALT (6, 8). One way
that BALT protects against infectious diseases in the respiratory
tract is by accelerating the immune response. For example,
T cell–dependent antibody responses to influenza and the corona
virus associated with severe acute respiratory syndrome are
generated earlier in mice with BALT than in mice without BALT
(6, 8). Although the current study shows that BALT is associated
with antitumor antibody responses, it is not yet clear whether the
ability to make tumor-specific antibodies correlates with the
protective effect (long-term follow-up studies are ongoing) or even
whether the tumor-specific B cell response is an important immune
effector mechanism against lung cancer.

Nevertheless, given the ability of BALT to accelerate antibody
responses to infectious agents, it seems likely that the beneficial
effect of BALT on the clinical outcome of lung cancer is due to the
stimulation of antitumor immunity of some type. Unfortunately,
a correlation between BALT formation and a better clinical outcome
does not provide much information in the way of mechanism. For
example, one possibility is that some patients had preexisting
BALT in their lungs prior to the onset of lung cancer. Although the
formation of BALT is often initiated by pulmonary infection or
inflammation, once BALT is formed, it can respond to unrelated
infections or antigens (9, 10). Thus, BALT formation may have
been triggered by a prior infection and fortuitously promoted an
antitumor immune response by making the immune system more
sensitive to tumor antigens, accelerating or amplifying a nascent
antitumor immune response, or even altering the accumulation
and placement of T cells in the lung as noted in immune responses
to Mycobacterium tuberculosis (11, 12). Given the current data (3),
it seems that B cells will likely play an important role in antitumor
immunity, perhaps by capturing and presenting tumor antigens toT.D.R. is supported by NIH grants HL069409, AI097357, AI097876, and

AI100127.
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T cells or by generating tumor antigen–specific antibodies that
target tumor antigens to dendritic cells that express receptors for
antibody constant regions (Figure 1). Conversely, the development
of BALT may be triggered by the lung tumors themselves. For
example, some lung tumors may be more immunogenic than
others and the immunogenic tumors may promote BALT
formation as a consequence of antitumor immunity, including the
activity of B cells. Thus, BALT may be either a cause or an
effect of antitumor immune responses, and future studies will need
to distinguish between these possibilities.

How could understanding B-cell immunology help us
clinically? The current dogma suggests that tumor surveillance is
performed by T cells, specifically CD81 T cells. However,
a successful immune response is controlled by a complex interplay
between the primary tumor, T cells, and B cells, with very limited
data concerning B-cell immunology in lung cancer. The data in the
current report (3) allow us to pose a variety of questions that,
when answered, will yield clinically useful answers. For example,
could TLS predict efficacy of therapy? In the current studies, TLS
and their density of follicular B cells and mature dendritic cells
predict a better outcome in patients with early and advanced
disease (3). Therefore, TLS may be a surrogate for treatment
response. Second, could TLS guide therapy through stratification of
patients for optimal outcome? The current study suggests that
assessment of TLS, in addition to typical clinical parameters, may

stratify patients into high- or low-risk populations to predict
outcome, perhaps by identifying individuals at high risk for
recurrence who might benefit from adjuvant therapy, or individuals
who do not need further therapy. Next, could TLS lead us to new
therapeutic paradigms? In animal models of breast cancer, a unique
subset of transforming growth factor-b–producing regulatory
B cells triggers the differentiation of metastasis-promoting Foxp3-
expressing regulatory CD41 T cells that inactivate antitumor
natural killer cells and effector CD81 T cells (13). Therefore,
transforming growth factor-b–producing regulatory B cells (Bregs)
promote metastasis and tumor progression—a role for B cells
apparently opposite of that identified in the current study. Thus,
novel therapeutic approaches should suppress Breg function and
promote the therapeutic activities of B cells. These findings may
also impact drug or immunotherapy development for lung cancer.
If the prognostic value of TLS is confirmed, future prospective
clinical trials may need to stratify outcome based on TLS. Finally,
can we change a TLS-negative tumor to a TLS-positive tumor?
TLR ligands can promote BALT formation in mice (14) and may
be useful to therapeutically alter the immunosuppressive
microenvironment induced by cancer cells and lead to B-cell
accumulation and activation adjacent to tumors in the lung.

In summary, the current study provides intriguing insight into
B cell–mediated antitumor immunology in lung cancer and
suggests novel therapeutic approaches. Key next steps in this field

Figure 1. Role of bronchus-associated lymphoid tissue (BALT) in immunity to lung cancer. B cells in BALT may facilitate antitumor immune responses
by directly acquiring tumor antigens via tumor antigen–specific BCR and presenting processed tumor antigens to T cells. B cells may also produce
tumor antigen–specific antibodies that bind tumor antigens and generate immune complexes that are taken up via FcR on dendritic cells, which then
present processed tumor antigens to T cells. Once activated, T cells may kill tumor cells directly or may recruit inflammatory cells that either kill
tumor cells or impair their growth. Tumor antigen–specific antibodies may also directly target tumor cells for destruction via complement-mediated
or natural killer cell–mediated destruction. The presence of BALT adjacent to the tumor site facilitates antigen capture as well as the interactions between
various immune cells that lead to immune activation and overcome tumor-mediated immune suppression. BCR = B-cell receptor; FcR = receptor for
antibody constant region; NSCLC = non–small cell lung carcinoma.
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will be to identify tumor antigens recognized by B cells and use
this information to develop novel vaccines. n
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www.atsjournals.org.
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