©
2019 2022

Role of meningeal lymphatics for traumatic brain injury
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The meningeal Iymﬁhatics (ML) transport cerebrospinal fluid and brain tissue
fluid to the deep anterior cervical lymph nodes via the shallow and deep cervical lymphatics. To
capture ML vessel damage in traumatic brain injury (TBI), we used a mouse model of TBI and analyzed
changes in mRNA and protein expression in meningeal lymphatic endothelial cells (MLECs) collected by
cell sorter from the meninges after creation of brain injury.
The number of MLECs was significantly decreased in the injured group compared to the sham group. The
mRNA expression of LYVEL, which is specifically expressed in LECs, in MLECs was significantly
decreased in the injured group. On the other hand,mRNA and protein expression of FLT4 and NRP2,
which are involved in lymphangiogenesis, in MLECs was significantly increased in the injured group.
The results confirmed the impairment and neogenesis of MLECs in traumatic brain injury, suggesting
their involvement in the pathogenesis of meningeal lymphangiopathy.
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Fig 1. Surgery for the CCI mouse model. (a) In the injury group, the skull was removed, and a rounded metal tip was used to directly impact the brain.
(b) For the sham group, resection of the external table and upper part of the internal table of the skull was performed using a drill. (¢) The rounded
metal tip was pushed into the bone flaps manually to transmit the pressure to the brain via the bone flaps in the sham group.

3 ( ) CD45 CD31 podoplanin (PDPN)
(CD45

CD31 PDPN

Ty

" LYVET

..&ﬁu L o
cD45 ~ CD31

Fig 2. Isolation of meningeal lymphatic endothelial cells (LECs) via flow cytometry. Representative dot and contour plots showing the gating
strategy used to isolate LECs via flow cytometry from the meninges of mice with traumatic brain injury and the sham mice. The cell count graph shows
the number of cells, which were gated by CD45-CD31+PDPN+, labeled with the anti-LYVE1 antibody.
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Fig 8. Lymphangiogenesis pathway gene of the protein-protein interaction (PPI) network obtained using Cytoscape with the Search Tool for the
Retrieval of Interacting Genes (STRING) plug-in. (a) The PPI network for all lymphangiogenesis pathway genes is shown. The PPI network of genes
regulating or regulated by (b) Vegfc, (¢) Fit4, and (d) Nrp2. Near red color indicates upregulation, and near black color indicates downregulation; the
larger the circle, the larger the value of interaction degree. (n = 3 for each group).
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Fig 9. Microarray, RT-PCR and ELISA data for meningeal LECs from mice with injury and sham mice 3 days after injury. (a) The mRNA
expression levels of Nrp2 (left Y-axis), Flt4 (right Y-axis), and Lyvel (right Y-axis) were determined using microarrays. The mRNA expression levels of
(b) Nrp2, (¢) Fit4, and (d) Lyvel were normalized to those of that of Hprt, Ppia, and S100b using RT-PCR. The protein expression levels of (¢) NRP2 and
(f) FLT4 in meningeal LECs, as determined using ELISA, were compared between the injury group and the sham group 3 days after injury. (*p < 0.05
between injury and sham group, n = 3 for each group, as assessed using microarrays, n = 5 for each group, as assessed using RT-PCR and ELISA).



Shimada Ryo Tatara Yuki Kibayashi Kazuhiko 17

G(_ene expression in meningeal lymphatic endothelial cells following traumatic brain injury in 2022

mice

PLOS ONE 0273892
DOI

10.1371/journal .pone.0273892

90

2021

Changes in gene expression in meningeal lymphatic vessels in mice with traumatic brain injury

44

2021

46

2023




107

2023




