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S1PR1, an endothelial-immune influencer
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Lymphatic dysfunction has been associated with tertiary lymphoid structure (TLS) formation in the mesentery. However, our
understanding of TLS formation is mainly focused on inflammatory signaling. Here, Geng et al. (https://doi.org/10.1084/jem.
20241799) show that lymphatic endothelial cell (LEC) SIP/S1PR1 signaling plays a role in mesenteric TLS formation in the
absence of subclinical inflammation and, importantly, is a key regulator of lymphatic valve development.

Tertiary lymphoid structures (TLSs) can
have multiple roles in immune system re-
sponse, and their prognostic relevance is
context dependent (Zhao et al., 2024). For
example, in most cancers, TLSs are linked to a
positive prognosis, whereas in autoimmune
diseases, they are not. The immune cell
composition of TLSs varies according to their
maturation state, ranging from small B cell
aggregates to fully developed mature TLSs
with high endothelial venules (HEVs) and
germinal centers, which are structurally
and functionally similar to B cell follicles in
secondary lymphoid organs (SLOs) (Barone
et al., 2016; Sautés-Fridman et al., 2016).
SLOs in the body are connected by lymphatic
vessels (LVs), which are important for SLO
development (Bovay et al., 2018). One key
feature of LVs is their intraluminal lymphatic
valves, which help prevent lymph backflow
and are crucial for proper lymphatic function.
The study by Geng and colleagues demon-
strates that the lymphatic-specific deletion of
sphingosine 1-phosphate receptor-1 (S1PR1)
hinders the development of lymphatic valves
and ultimately results in the formation of
TLSs in the ileum (Geng et al., 2025).

The main source of lymph SIP is from the
lymphatic endothelial cells (LEC), and S1P/
SIPRI signaling pathway is implicated in
immune cell egress from SLOs and lym-
phangiogenesis (Weigel et al., 2023; Yoon
et al., 2008). SIPRI is also among the many
factors that are indispensable for LV function
(Geng et al., 2017; Geng et al., 2020), but its
role in lymphatic valve development was not
clear. Moreover, whether the lymphatic

valves are important to TLS formation is still
not well-defined. In the current study, Geng
et al. show that S1PR1 is necessary for post-
natal lymphatic valve development and
function, as its deletion in LECs specifically
leads to fewer and more leaky lymphatic
valves in the ileum-draining mesenteric LVs.
SIPR1 acts through the regulation of FOXC2
and CX37, critical molecules in proper valve
formation. In SIPRI!ALEC mice, the ileum
drainage is defective and leads to the
formation of TLSs in pre-collecting and
collecting LVs. The activation of the S1P/
S1PR1 pathways is shown to occur in an
autocrine manner, where LEC-derived
S1P orchestrates both lymphatic valve
development and TLS formation. Thus,
the take-home messages from this study
are that the S1P/S1PIR signaling pathway
is necessary for lymphatic valve devel-
opment, and its continuous activation is
needed to prevent TLSs from forming in
the ileum (Geng et al., 2025).

The lymphatic system plays critical roles
in both the maintenance of tissue fluid bal-
ance and in the transport of antigen and
immune cells to organize immune re-
sponses. The phenotype caused by the de-
letion of S1PR1 from LECs highlights both of
these functions and shows that they are in-
terrelated. As lymphatic system biology is
becoming more comprehensively studied
than ever before, the role of LVs in multiple
disease processes is coming to light. The role
of properly functioning LVs has become
clear in resolving inflammatory diseases,
aiding in the recovery from myocardial
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infarction, and in preventing the buildup of
waste products in the brain that are as-
sociated with neurodegenerative diseases
(Petrova and Koh, 2020). Further, the role of
the lymphatic system in driving cancer pro-
gression is well established (Lei et al., 2024).
In spite of a clear need, we still do not have
any therapeutics that target the lymphatic
system to help in treating these conditions.
Lymphatic dysfunction can arise from
many pathologies in the LVs, from the alter-
ation of initial LV endothelial cells that cause
them to be “zippered” closed and unable to
absorb interstitial fluid, to the inability of
lymphatic muscle cells to drive lymph flow.
In this study, the lymphatic S1P/S1PR1 path-
way is shown to be a key regulator of lym-
phatic valve development, and shows that
with abnormal LV formation, lymphatic
function is impaired. As there are different
root causes of lymphatic dysfunction in dif-
ferent disease settings, there will not be a
single therapeutic strategy to correct lym-
phatic dysfunction. Thus, there is a need to
develop tools to identify the type of lymphatic

1Edwin L. Steele Laboratories, Department of Radiation Oncology, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA.

Correspondence to Timothy P. Padera: tpadera@mgh.harvard.edu.

© 2025 Mahfoud and Padera. This article is distributed under the terms as described at https://rupress.org/pages/terms102024/.

Rockefeller University Press

J. Exp. Med. 2025 Vol. 222 No. 9 €20251056

'i) Check for updates

https://doi.org/10.1084/jem.20251056

620z JequiedeQ L0 uo 3senb Aq 4pd-95015202 Wel/2912v61/950152028/6/2zz/HPd-eoie/wal/Bi0 ssaidnyj/:dny wouy papeojumoq

lof3


https://orcid.org/0000-0002-7420-2110
https://orcid.org/0000-0002-3453-9384
https://doi.org/10.1084/jem.20241799
https://doi.org/10.1084/jem.20241799
mailto:tpadera@mgh.harvard.edu
https://rupress.org/pages/terms102024/
https://doi.org/10.1084/jem.20251056
http://crossmark.crossref.org/dialog/?doi=10.1084/jem.20251056&domain=pdf

A ) {
Qanta

Normal lymphatic
valve development

and lymph drainage B cells

{ZIEM | Journal of Experimental Medicine

Lymphatic
Valve

Tertiary lymphoid
structures (TLSs)

([ @
\\ qf/ic}/ 5
- 4

Dendritic cells (DCs)

High endothelial
venules (HEVs)

Small
intestine
mesentery

S1priiaLec

Defective ileal
lymphatic valve
development and
lymph drainage
+

N 4

TLSs formation

Schematic illustration of Geng et al. (2025) key findings. SIPR1 plays a role in lymphatic valve devel-
opment by regulating FOXC2 and CX37. S1PR1 deletion in LECs disrupts lymphatic valve development
and function, and leads to the formation of TLSs in the mesenteries. Created in BioRender.

dysfunction involved in a disease process and
therapeutic strategies to correct the under-
lying lymphatic dysfunction. The work pre-
sented in Geng et al. shows that SIPRI is a
potential target to improve lymphatic func-
tion and points to possible strategies to in-
duce or block TLS formation in cancer or
autoimmune diseases, respectively. The
ability to translate these findings is helped by
the fact that there are already Food and Drug
Administration-approved S1PR1 inhibitors
available.

TLSs are known to arise upon chronic
inflammation. Several studies have shown
that early events of TLS formation occur
similarly to the formation of SLOs, where
lymphoid tissue inducers orchestrate the
process with the help of lymphoid tissue or-
ganizers (Barone et al., 2016). However, what
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role the vasculature plays and which types of
vessels are required is still not clear. In the
work of Geng et al., dysfunctional lymphatic
valves are shown to lead to mesenteric TLS
formation in an initially non-inflamed situa-
tion. The formation of TLSs in the absence of
inflammation shows that inflammatory sig-
naling is not a prerequisite for the initiation
of TLS formation, which is also true for SLO
formation during development. It is possible
that TLSs formed in the absence of inflam-
mation might have different properties and
potential to generate immune responses
compared with TLSs that form in inflamma-
tory conditions or cancer. Impaired lym-
phatic function might limit the ability of
antigen and antigen-presenting cells to reach
a lymph node, so in these circumstances,
TLSs might begin to form to provide more

local and accessible lymphoid tissue to pre-
vent pathogenic infections.

Understanding the different types of TLSs
and their mechanisms of formation might
further allow the beneficial regulation of TLS
in cancer. TLS classification generally relies
on the immune cell composition, yet the
presence of stromal cells and specialized
vessels called HEVS is equally important. TLS
classification is relevant for their function
and prognosis in several cancers. Moreover,
the spatial distribution of TLSs in tumors also
affects response to immune therapy, such as
in colorectal and hepatic cancer (Sautes-
Fridman et al., 2019). HEVs are an impor-
tant conduit for immune cells, and their
presence is associated with fully mature
TLSs. However, there are many unanswered
questions. Does the presence or absence of
LVs also affect the immune cell composition
of the TLS? Does tumor-associated lym-
phangiogenesis correlate with the presence
or absence of TLS? In contrast to most tumors,
the presence of TLSs in other diseases is un-
derappreciated. For example, in atheroscle-
rosis, the presence of TLS signifies severe
inflammation (Milasan et al., 2015). More-
over, proper lymphatic drainage of choles-
terol near the artery is shown to be
atheroprotective (Martel et al., 2013). The
current new knowledge from Geng et al. that
SIPRI inhibition leads to TLS formation fur-
ther shows the importance of the lymphatic
system in disease and opens possible doors
for studying this pathway in atherosclerosis-
associated TLS formation.

TLSs are emerging as important modi-
fiers of immune responses, sometimes ben-
eficial and at other times exacerbating
pathology. TLSs also offer new therapeutic
opportunities to modify disease. By con-
tinuing to expand our understanding of the
mechanisms of TLS formation and their ac-
tivity in various disease states, therapies
that modify TLS will become a nearer real-
ity. The work presented in Geng et al. is
another significant step in the process of
using TLS to influence disease outcomes.
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