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Lymph nodes provide an

ideal microenvironment for
communication

The lymph node (LN), a secondary lym-
phoid organ, plays an integral role in the
immune functions of the body. In addition
to T cells, B cells, DCs, macrophages, and
plasma cells, the LN contains specialized
stromal cells including blood endothelial
cells (BECs), lymphatic endothelial cells
(LECs), follicular DCs (FDCs), marginal
reticular cells (MRCs), integrin o7* peri-
cytes (IAPs), and fibroblastic reticular cells
(FRCs) (1, 2). LNs provide an ideal micro-
environment for communication between
immune cells and serve as a central site for
recruiting naive T cells from the blood, pro-
moting naive T cell survival, providing an
environment for T cell differentiation for
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The lymph node (LN) is an intriguing site not only for inducing protective
effector immunity but also for inducing tolerance against peripherally
encountered antigens such as tissue-specific self-antigens that are
regionally drained and through draining lymph nodes (DLNs). The

dual functions of DLNs in immunity are attributable at least in part to
fibroblastic reticular cells (FRCs), which are a major population of the
nonhematopoietic compartment in the LN. In this issue of the JCI, Li,

Zhao, and colleagues investigated DLNs in the transplantation setting. The
authors demonstrated that, following skin transplantation, the donor mast
cell-mediated senescence in FRCs was associated with collagen 1 deposition
in DLNs. Systemic administration to mice of FRCs that were expanded ex
vivo decreased DLN fibrosis and strengthened the effect of anti-CD40L in
prolonging heart allograft survival. These data implicate the DLN as a target
forimmunomodulatory therapy of transplant rejection.

effector roles or tolerance, and influencing
the homing properties of memory T cells (3).

FRCs are a major population of the
nonhematopoietic compartment in LNs
and comprise 20%-50% of stromal cells
(2). FRCs organize the LN microarchi-
tecture and produce extracellular matrix
(ECM) components to create the conduit
network, which rapidly transports sol-
uble antigens and signaling molecules
deep into the LN parenchyma and directs
T and B cell trafficking using chemokine
secretion. FRCs are constantly in con-
tact with naive T cells and DCs while
these cells are migrating along the net-
work and scanning for antigen-specific
affinity (1). FRCs not only support the
structure for immune cell interaction but
also exhibit several fascinating immuno-
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regulatory properties (4-6). FRCs are
concentrated in the paracortical region
(T cell zone) of the LN and are endowed
with several functions that regulate the
activity of T lymphocytes. When a naive
T cell becomes activated in the LN by a
DC under regulation by FRCs, the T cell
will either mount an effector response
or will become tolerant to avoid autoim-
munity (7, 8). The intimate contact with
immune cells puts FRCs at the front line
of the immune response, where they
fundamentally regulate adaptive immu-
nity. Emerging data suggest that normal
functioning of the FRC network is essen-
tial to immunological health. Loss of
FRCs results in 60%-70% depletion of T
cells, B cells, DCs, and macrophages and
impairs systemic immune responses to
virus infection (9). Viral pathology drives
FRC-mediated LN fibrosis resulting in
immunodeficiency (10). There are few
studies of FRCs in the transplant setting.

In this issue of the JCI, Li, Zhao, and
colleagues (11) demonstrated that the
donor mast cell-mediated senescence
in FRCs occurs through an interaction
between LIGHT (also called TNF super-
family member 14 [TNFSF14]) and HVEM
(the herpes virus entry mediator, a mem-
ber of the TNF receptor superfamily).
LIGHT-HVEM interaction was associated
with collagen 1 deposition in draining
LNs (DLNs) following skin transplanta-
tion. Senescence in FRCs resulted in mas-
sive production of collagen 1 and a proin-
flammatory milieu within the DLN. When
Li , Zhao, and colleagues systemically
administered FRCs that were expanded
ex vivo to mice, DLN fibrosis decreased
and anti-CD40L more effectively pro-
longed heart allograft survival. This
finding provides insight into DLN-medi-
ated alloimmunity and is an important
step toward a better understanding of
FRC-mediated immunomodulation. Sev-
eral issues are worth highlighting.
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Immunoregulatory function of
FRCs in LNs

Despite supporting naive T cell migration
and proliferation in the LN, FRCs also play
an essential role in regulating T cell-medi-
ated immune responses. FRCs contribute
to T cell tolerance in 2 major ways. First,
FRCs serve as antigen-presenting cells
and can directly present tissue-specific
self-antigens to CD8* T cells for tolerance
induction (12). Presentation of peripheral
tissue-restricted antigens by FRCs pre-
vents autoimmunity in animal models by
directly deleting autoreactive T cell clones
(4). Direct infection of FRCs was associat-
ed with an inability to clear the virus and
the acquisition of an exhausted phenotype
in responding CD8" T cells (13). Second,
FRCs support Tregs: OVA-expressing FRCs
were found to promote OVA-specific Tregs
in a K14-OVA mouse model (14). Li, Zhao,
and colleagues (11) found that addition of
healthy FRCs in DLNs increased Foxp3*
Tregs, indicating the importance of FRCs
in regulating alloimmunity.

Senescence impairs
immunoregulatory function

of FRCs

Senescence is a state of permanent cell
growth arrest without accompanying
cell death in the response to sustained
stress over longer periods of time. Senes-
cence can be induced by unrepaired DNA
damage or other cellular stresses. Pro-
duction of inflammatory cytokines and
chemokines is essential for the induction
and maintenance of senescence. Maarouf
et al. (15) reported that repetitive renal
ischemia-reperfusion injury was associ-
ated with senescence of FRCs, fibrosis
of the kidney LN, and renal scarring,
which were ameliorated by adminis-
tration of healthy FRCs. Li, Zhao, and
colleagues (11) found that donor mast
cells from allografts migrated into DLNs
2 hours after transplantation and that
these mast cells induced senescence in
FRCs, probably through a proinflamma-
tory milieu and LIGHT-HVEM interac-
tion. Senescence in FRCs increased the
expression of ECM genes and IL-6, the
key cytokine linked to the senescence-
associated secretory phenotype (SASP).
The authors observed that persistence
of proinflammatory cytokines due to
senescence in FRCs resulted in collagen 1
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Figure 1. Model for donor mast cell-mediated senescence of FRCs. Li, Zhao, and colleagues showed
that following transplantation, collagen 1 was deposited in DLNs and fibrosis ensued. Donor mast
cells induced senescence of FRCs through LIGHT-HVEM interaction (11). Healthy FRCs deleted activat-
ed CD8* T cells and supported Foxp3* Tregs to promote tolerance. Systemic administration of FRCs
increased Foxp3* Tregs and promoted tolerance (11). TCR, T cell receptor.

deposition and fibrosis in the DLN. DLN
fibrosis impaired the microarchitecture
and immunoregulatory function of FRCs,
whereas administration of healthy FRCs
reduced the proportion of senescent
FRCs, increased Foxp3* Tregs in DLNS,
and prolonged cardiac allograft survival
following transplantation. Thus, senes-
cence in FRCs impairs their immunoreg-
ulatory function, whereas administration
of healthy FRCs may restore this FRC
function in the DLN (Figure 1).

Allogeneic mast cells,
senescence in FRCs, and DLN
fibrosis

Mast cells are present in connective tissues
throughout the body and serve multiple
functions including effecting or regulat-
ing allergic responses, innate and adaptive
immunity, autoimmunity, and inflam-
mation. Mast cells serve as mediators
of fibrosis and effector cell recruitment
through chemokine production in dermal
chronic graft-versus-host disease follow-
ing bone marrow transplantation (16). Li,
Zhao, and colleagues (11) demonstrated
that ischemia and oxidative stress in mice
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increased the expression of mast cell pro-
teases (MMCP-2, mMCP-4, and mMCP-
6), VEGF, FGF-2, and IL-6. VEGF could
support lymphatic expansion, FGF-2 could
stimulate FRCs, and IL-6 could create a
proinflammatory milieu in the DLN and
promote senescence, respectively. Cell
culture studies further demonstrated that
supernatant collected from a mast cell line
treated with hydrogen peroxide increased
the expression of collagen 1, TGF-B1, and
SMAD?2 by FRCs and promoted lymphan-
giogenesis in vitro using SVEC4-10. How-
ever, collagen 1 deposition in the DLNs of
the syngeneic transplant recipients was
considerably lower than in those of the
allogeneic transplant recipients (11). It
seems that allogeneic mast cells are more
potent for enhancing senescence in FRCs
and DLN fibrosis, an observation that war-
rants further investigation.

Targeting donor mast cells and
FRCs in the DLN

The report from Li, Zhao, and colleagues
(11) suggested a few therapeutic strategies to
treat transplant rejection. Their data under-
score the role of LNs as a second site of T
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cell education after the thymus, which only
eliminates harmful autoreactive cells. The
LNs undertake the subtle job of directing
the T cells against harmful antigens or allo-
antigens, but also retain a role of restrain-
ing overresponsiveness. This directing/
restraining process might be more import-
ant for allograft rejection than sensitization
by circulating host cells within allograft
tissue. Moreover, as these data suggest, LN
biology may be a better place to seek options
for therapeutic immunosuppression.

Deletion of mast cells from a donor graft
or blocking mast cell migration may prevent
collagen 1 deposition in DLNs. Preventing
senescence in FRCs by blocking LIGHT-
HVEM interaction may optimally suppress
the immune system. Antifibrotic medica-
tions may also help to prevent DLN fibrosis.
Regardless, administration of healthy FRCs
and reducing the proportion of senescent
FRCs in the DLN seem a practical way to
maintain immunoregulatory functions of
FRCs following transplantation.
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