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Abstract

The blood-nerve barrier (BNB) formed by tight junction-forming endoneurial microvessels located
in the innermost compartment of peripheral nerves, and the perineurium serve to maintain the
internal microenvironment required for normal signal transduction. The specific molecular
components that define the normal adult human BNB are not fully known. Guided by data derived
from the adult human BNB transcriptome, we evaluated the /n situ expression of 25 junctional
complex, transporter, cell membrane and cytoskeletal proteins in 4 histologically normal adult
sural nerves by indirect fluorescent immunohistochemistry to determine proteins specifically
expressed by restrictive endoneurial microvascular endothelium. Using Ulex Europaeus
Agglutinin-1 expression to detect endothelial cells, we ascertained that the selected proteins were
uniformly expressed in = 90% of endoneurial microvessels. P-glycoprotein (also known as ATP
binding cassette subfamily B member 1, ABCB1) and solute carrier family 1 member 1 (SLC1A1)
demonstrated restricted expression by endoneurial endothelium only, with classic tight junction
protein claudin-5 also expressed on fenestrated epineurial macrovessels, and vascular-specific
adherens junction protein cadherin-5 also expressed by the perineurium. The expression profiles of
the selected proteins provide significant insight into the molecular composition of hormal adult
peripheral nerves. Further work is required to elucidate the human adult BNB molecular signature
in order to better understand its development and devise strategies to restore function in peripheral
neuropathies.
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Introduction

Peripheral nerves and nerve roots are structurally organized into three compartments: the
outermost epineurium through which extrinsic blood vessels called the vasa nervorum
penetrate to give rise to epineurial arteries and arterioles and receive blood from epineurial
venules and veins, the inner perineurium, formed by multiple concentric layers of
specialized epithelioid myofibroblasts that form fascicles and surround the innermost
endoneurium, which consists of myelinated and unmyelinated axons and capillary-like
microvessels. 1-3

Ultrastructural examination of human peripheral nerves has demonstrated that endoneurial
microvessels and the innermost layers of the perineurium form electron-dense intercellular
tight junctions, while epineurial arteries, arterioles, venules and veins, collectively known as
macrovessels, are fenestrated. 3-5 Endoneurial microvessels are in direct communication
with circulating blood, and are considered as the blood-nerve barrier (BNB), while the
perineurium restricts passive diffusion of interstitial fluid from the epineurium into the
endoneurium and vice versa. The restrictive BNB and perineurium serve to maintain the
internal endoneurial microenvironment essential for physiological signal transduction by
myelinated and unmyelinated axons to and from the central nervous system. 1.2

Guided by /n situimmunohistochemical data derived from human peripheral nerves during
development and adulthood, as well as data derived from animal models and other restrictive
tissue barriers /n vitroand in situ, specific molecules have been implicated as essential
functional components of the human BNB. Claudin-5 (CLDN5), zona occludens-1 (ZO-1,
also known as tight junction protein-1 [TJP1]) and the vascular-specific cadherin-5 (CDHS5,
also known as vascular endothelial [VE]-cadherin), are commonly cited as molecular
components of the specialized BNB junctional complex, with alterations implicated in the
pathogenesis of specific peripheral neuropathies. 622 However, data has emerged over the
past decade on the complexity of specialized intercellular tight and adherens junctional
complexes formed by specific claudins and cadherins interacting with adapter molecules
such members of the zona occludens subfamily, catenins and other membrane-associated
junctional proteins which bind directly or indirectly to cytoskeletal proteins and are
responsible for the cellular structural integrity, polarity and the unique biologic functions
during normal physiological states. 7:23-27

Our recent work that established the normal adult human BNB transcriptome based on
transcripts universally expressed by whole exome sequencing of laser capture
microdissected endoneurial microvessels coupled to early- and late-passage primary human
endoneurial endothelial cells, with some /n situvalidation of protein expression on
endoneurial endothelium by indirect immunohistochemistry, ascertained 133 transcripts that
may be involved in the intercellular junctional complex, as well as 509 transporter
transcripts that may be responsible for the influx or efflux of solutes, macromolecules and
xenobiotics by the normal adult human BNB. 24 In order to better understand how the
human BNB develops, is maintained in health and the functional alterations and adaptations
that may occur in disease states such as peripheral neuropathies and traumatic injury, it is
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essential to determine its specific molecular components prior to elucidating biologically
relevant signaling mechanisms.

Guided by our /n situhuman BNB transcriptome data, we evaluated the expression of 25
proteins in 4 adult sural nerve biopsies with no discernible histopathological evidence of
disease by fluorescent light microscopy to determine which proteins are restricted to the
tight junction-forming endoneurial microvascular endothelium and more comprehensively
characterize the molecular composition of the normal adult human BNB.

Materials and Methods

Indirect fluorescent immunohistochemistry

Four de-identified histologically normal adult sural nerve biopsy specimens (two men and
two women, ages 56-65) embedded in Optimum Cutting Temperature® compound and
stored at —80°C were utilized for this study. The study was approved by the University of
Alabama at Birmingham Institutional Review Board, with an exemption obtained to use
archived pathological specimens for research (Protocol Number X140321012). 10 um-thick
axial sections were cut from each sural nerve sample after thermal equilibration at -15°C
using a Cryostar Nx50 cryostat (Thermo Fisher Scientific, Waltham, MA). Axial cryostat
sections were mounted on Superfrost Plus™ microscope slides (catalog # 4951PLUS4,
Thermo Fisher Scientific) and maintained at —20°C prior to processing. Twenty-five
proteins, including junctional complex (tight, adherens, gap), specialized transporters,
cytoskeletal and cell membrane proteins were selected for investigation, guided by the
recently elucidated human BNB transcriptome. 24

Sections were fixed and permeabilized in acetone at —20°C, washed with 1X phosphate-
buffered saline (PBS), air dried for 5 minutes, then blocked with 10% normal goat serum
(NGS) in 1X PBS for thirty minutes. Without washing, slides from each adult sural nerve
were incubated with a specific primary antibody in 2% NGS in 1X PBS for one hour at
room temperature. The list of primary antibodies used, their sources and concentrations are
shown on Table 1. After washing the slides with 1X PBS, all of the slides were incubated
with fluoresceinated Ulex Europaeus Agglutinin-1 (the most sensitive detector of human
endothelial cells; a lectin that binds to a-fucose residues on vascular endothelium; 8:28.29
UEA-1 FITC [catalog #L.9006, Sigma, 10 ug/mL]) to detect the vascular endothelium, and
the following secondary antibodies depending on the host species and immunoglobulin
subclass of the primary used, in 2% NGS in 1X PBS for one hour at room temperature in the
dark: goat anti-mouse 1gG (H + L) Alexa Fluor® 594 conjugate (catalog #A-11005, Life
technologies: 4 pg/mL) and goat anti-rabbit 19G (H + L) Alexa Fluor® 594 conjugate
(catalog #A-11037, Life technologies: 4 pg/mL). Following washes with 1X PBS, all
sections were stained with 0.45 uM 4, 6-diamidino-2-phenylindole (DAPI) for 5 min to
detect nuclei and mounted with ProLong® Gold antifade mounting medium (catalog
#P36934, Life technologies) prior to image acquisition
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Image acquisition

Results

Processed slides were viewed and images captured with the 4X, 10X, and 40X objective
lenses using a Nikon Eclipse Ci-S Upright epifluorescent microscope with a D5-Qi2 camera
(Nikon Instruments Inc., Melville, NY). The Nikon NIS-Elements software was utilized for
image processing and co-localization of the specific proteins with endoneurial microvascular
endothelial cells that form the BNB using a defined range of “look up table” (LUT)
adjustments to reflect observed signal intensities during microscopy in a non-destructive
manner to image data, taking into account variations in background signal and fluorescent
intensities. LUT values were as follows: DAPI: 4000-8000, UEA-1: 1000-3000, ABCB1:
650-1550, gamma-1 actin (ACTG1): 700-2000, aquaporin 1 (AQP1): 700-2000, caldesmon
1 (CALD1): 600-1500, caveolin 1 (CAV1): 700-3000, cell surface adhesion glycoprotein,
CD44: 500-900, tetraspanin family member, CD63: 600-1500, CDH5: 500-800, cadherin-6
(CDH®6): 700-1300, claudin-4 (CLDN4): 750-1500, CLDN5: 800-2300, alpha-1 catenin
(CTNNAL): 700-1500, endothelial cell adhesion molecule (ESAM): 1100-2200, filamin A
(FLNA): 800-4000, gap junction protein alpha 1 (GJA1): 700-2000, crumbs cell polarity
complex, LIN7A: 700-1700, multiple PDZ domain crumbs cell polarity complex component
(MPDZ): 500-900, myosin X (MY010): 400-700, protocadherin 1 (PCDH1): 500-800,
SLC1A1: 400-700, solute carrier family 16 member 1 (SLC16A1): 700-1500, solute carrier
family 19 Member 2 (SLC19A2): 500-700, TJP1: 500-1500, vezatin (VEZT): 500-800 and
zyxin (ZYX): 1700-3000.

Co-localization was determined as a yellow or orange color (dependent on relative
fluorescent intensity of the selected protein bound to its fluorescent secondary antibody in
red) with green-staining endoneurial microvascular endothelial cells (based on UEA-1 FITC
intensity). Co-localization with epineurial macrovessels (UEA-1 FITC-positive
macrovascular endothelium) was determined as described above. Co-localization of proteins
with non-endothelial cells/ tissues within peripheral nerves (UEA-1 FITC-negative) was
determined based on the expected morphologic staining profiles guided by prior published
experience. %:25.30-34

Indirect fluorescent immunohistochemistry demonstrated protein expression in = 90% of the
endoneurial microvessels identified in the 4 adult sural nerve biopsies (range 90-100%),
verifying uniform /n situ expression of the selected proteins consistent with the previously
published transcriptome data (Table 2). The mean /n situ transcript expression levels in laser
capture microdissected endoneurial microvessels for each gene studied (based on Fragments
Per Kilobase of fragments per Million) have been previously published. 24 Sequencing data
have also been published and are freely accessible via the National Center for Biotechnology
Information Gene Expression Omnibus (GEO) series accession number GSE107574: https://
www.nchi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE107574

Endoneurial microvessel restricted proteins

ABCB1 (also known as P-glycoprotein, a major efflux transporter) and SLC1A1 (also
known as excitatory amino acid transporter-3 that actively transports glutamate across
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plasma membranes) 24:3%:36 were the only proteins restricted to endoneurial microvessel
endothelium (Fig. 1), implying crucial roles in normal human BNB function.

Restrictive junctional complex and specialized transporter proteins

LIN7A (a major determinant of cell polarity and asymmetric membrane channel and
receptor distribution, Fig. 2A-D) was expressed by endoneurial endothelium and large
diameter axons, implying an important restrictive structural role at the BNB that is also
biologically relevant in axons. CDH5 (adherens junction protein, Fig. 2E-H) and CLDN4
(tight junction protein, Fig. 21-L) were expressed by endoneurial endothelium and the
perineurium only, implying important roles in forming specialized restrictive intercellular
junctional complexes. VEZT (adherens junction transmembrane protein, Fig. 2M-P)
demonstrated expression by the BNB, perineurium and axons. This suggests a role in the
restrictive intercellular junctional complex, as well as the structural integrity of axons in
peripheral nerves. SLC16A1 (monocarboxylate transporter-1, a known lactate transporter,
Fig. 2Q-T) and SLC19A2 (thiamine [vitamin B1] transporter, Fig. 2U-X) were both
expressed by endoneurial endothelium and the perineurium, as well as Schwann cells
(SLC16A1) or leukocytes (SLC19A2), implying specialized BNB transporter functions
shared with other cell types. Alternatively, these cells may utilize lactate, thiamine or both as
essential nutrients required for normal biological functions.

Vascular-specific endothelial cell proteins

CLDNS5, ESAM, MPDZ and CDH6 were expressed by both BNB-forming endoneurial
microvessel and fenestrated epineurial macrovessel endothelium (Fig. 3), implying that these
proteins are vascular-specific endothelial cell markers that do not confer tight-junction
restrictive barrier properties in normal human adult nerves, but may serve as important
membrane structural components. CDH6, a member of the cadherin superfamily that serves
as a major component of adherens junctions, was also expressed on large diameter axons
(Fig. 3I-L), suggesting a structural role in axonal integrity.

Specialized vascular endothelial and epithelial cell proteins

CAV1, GJAL, TJPL, ZYX and CTNNAL were expressed by endoneurial microvessels,
epineurial macrovessels and the perineurium (Fig. 4), implying that these proteins can be
considered as vascular endothelial and specialized epithelial cell markers in peripheral
nerves. CAV1 and GJA1 could serve as mediators of caveolae-dependent transcytosis and
intercellular molecular transport respectively while TIP1, ZYX and CTNNAL serve as
important membrane-associated adapter proteins needed for the structural integrity of the
intercellular junctional complex in restrictive (BNB and perineurium) and nonrestrictive
(endoneurial macrovessels) biological interfaces in normal adult peripheral nerves.

Membrane and cytoskeletal proteins

PCDH1 (protocadherin-1, a member of the subfamily of cadherin-associated molecules with
high expression in neural tissues) 37 was expressed by the BNB, as well as epineurial
macrovessels, perineurium and Schwann cells (Fig. 5A-D), implying an important role in
maintaining membrane integrity in peripheral nerves. CD44 (Fig. 5E-H), ACTG1 (Fig. 51-
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L), CALDL1 (Fig. 5M-P) and MYO10 (Fig. 5Q-T) were expressed by the BNB, epineurial
macrovessels, perineurium and axons, implying general roles in maintaining membrane and
cytoskeletal integrity in peripheral nerves. The pattern of MYO10 expression also suggests a
structural role in clusters of unmyelinated axons, also known as Remak bundles, while the
other proteins were detected in large diameter myelinated axons.

Non-specific cellular function proteins

AQP1, FLNA and CD63 (Fig. 6) were expressed by the BNB, epineurial macrovessels,
perineurium and pericytes, implying general roles in normal cellular function within adult
peripheral nerves, with CD63 also expressed by Schwann cells.

Discussion

This study provides an attempt to elucidate the essential molecular components of the
normal human adult BNB /n situ, guided by prior transcriptome data, with particular focus
on the intercellular junctional complex that confers specialized restrictive barrier properties.
We determined that ABCB1 and SLC1A1 were the only proteins selectively expressed by
endoneurial microvascular endothelium, implying that these transporters are essential
components of the adult human BNB required for endoneurial homeostasis. The expression
of LIN7A, CDH5, CLDN4 and VEZT by the BNB and perineurium suggest that these
molecules are essential components of specialized restrictive intercellular junctional
complexes in healthy adult peripheral nerves, while SLC16A1 and SLC19A2 are essential
specialized nutrient transporters required for normal adult peripheral nerve function. Our
data imply that CDH5 is not vascular endothelial-specific in human peripheral nerves, but is
an important component of adherens junctions in specialized restrictive barriers. CLDN4
requires further evaluation as a specific component of restrictive tight junctions in human
peripheral nerves based on this study.

CLDNS5, a molecule commonly implicated as a critical molecular component of vascular
endothelial tight junctions, 8:913.17.38 was also expressed by fenestrated epineurial
macrovessels, as previously published in pathologic human sural nerve biopsies.18 This
suggests that CLDNS5, along with ESAM, MPDZ and CDH6, are molecular markers of
vascular endothelial cell membranes in normal adult peripheral nerves and are not associated
with the restrictive intercellular junctional barrier functions. This is in contrast to inferences
made about human BNB function 7 vitroand in situ. 1318.20 |n support of our hypothesis
that CLDNS5 is not an essential component of the restrictive BNB, our recently published
study evaluating the role of glial-derived neurotrophic factor (GDNF)-mediated restoration
of murine sciatic nerve endoneurial microvessel large macromolecular (horseradish
peroxidase) impermeability following non-transecting crush injury in normal, heterozygous
and tamoxifen-inducible conditional GDNF knockout mice failed to demonstrate a
relationship between CLDNS5 expression and loss or restoration of BNB function. 2°

In that study, CLDNS5 expression was retained on all sciatic nerve endoneurial microvessels
shortly after crush injury (similar to the Sham surgery control nerves) at a time when vessels
were horseradish peroxidase-permeable. CLDN5 expression was unchanged during BNB
recovery (complete by 14 days post-injury) in mice with normal upregulated GDNF
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expression (wildtype and heterozygous mice), with no differences seen in the age-and sex-
matched conditional GDNF knockout mice with abrogated GDNF expression and delayed
BNB recovery. 2° These observations were also consistent with a previously published 7
vitrohuman BNB study that did not conclusively demonstrate upregulation of CLDN5 or
tyrosine phosphorylation of CLDNS5 associated with GDNF-mediated restoration of
restrictive barrier properties following injury.

TJP1 is also commonly cited as an essential adapter molecule associated with vascular
endothelial tight junctions. 892338 Our data demonstrated expression by fenestrated
epineurial macrovascular endothelial cells and the perineurium, in addition to endoneurial
microvascular endothelial cells. This suggests that this molecule, as well as CAV1, GJAL,
ZY X and CTNNAL are essential structural components of vascular endothelial and
specialized epithelial cell membranes required for normal adult peripheral nerve function,
and do not directly confer restrictive barrier properties. PCDH1, a member of the
protocadherin family of proteins that interact with cadherins, 37 was also expressed on these
vascular endothelial and perineurial cells, as well as Schwann cells (which also form
autotypic junctions), 22 suggesting expression in peripheral nerves at restrictive and
nonrestrictive intercellular membranes.

Our previous /n vitrohuman BNB study demonstrated low hydraulic conductivity consistent
with the notion that the BNB tightly regulates water flux in and out of the endoneurium in
order to strictly maintain ionic concentrations essential for physiologic action potential
conduction. 39 Based on this study, AQP1 may serve as a generalized channel for water
transport in multiple peripheral nerve cell types required for normal metabolism and
physiology, rather than a regulator of water influx or efflux across the BNB and
perineurium.

This study provides essential new information on the molecular composition of human
endoneurial vascular endothelium with some insight into specific transporters and junctional
complex proteins that potentially contribute to forming the restrictive BNB, guided by data
derived from the human BNB transcriptome. It is important to recognize that most of the
proteins studied are expressed outside of the BNB in peripheral nerves, and that “classic”
markers of vascular endothelial tight and adherens junctions, CLDN5 and CDHS5, were not
restricted to human adult endoneurial microvascular endothelium /n situ, emphasizing the
need for further study to elucidate the specific molecular components of the uniquely
restrictive human adult BNB intercellular junctional complex and its specialized
transporters. Guided by the extensive transcript data present in the human BNB
transcriptome,24 comparative 7 situ studies with the human blood-brain barrier are feasible
S0 as to ascertain unique human BNB characteristics.

An /n situ molecular characterization study using immunohistochemistry is limited by tissue
quality and its preservation, method of fixation, relative antigen expression and antibody
specificity. Uniform molecular expression in = 90% of detected endoneurial microvessels in
4 histologically normal adult sural nerve biopsy specimens provides a high degree of
confidence on the anatomical localization of the chosen proteins at the BNB. Molecular
expression of specific proteins by the perineurium, epineurial macrovessels, axons, Schwann
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cells, pericytes and leukocytes was ascertained based on the typical anatomical localization
and appearance of these microstructures or cells in normal peripheral nerves, rather than
specific co-localization studies as the purpose of the study was primarily to determine the
molecular composition of the normal adult human BNB /n situ. Further verification would
be needed before performing /in vitro or in vivo functional studies in animal models, taking
into account interspecies vascular endothelial cell heterogeneity. 40-4°

This study does not determine the precise subcellular protein localization in human
endoneurial microvascular endothelial cells. Immunogold electron microscopy and super
resolution microscopy 4649 provide avenues to more precisely determine the i situ
subcellular localization of specific molecules restricted to the human BNB, particularly
components of the restrictive intercellular junctional complex such as CLDN4, or determine
the luminal or abluminal localization of transporters such as SLC1AL1 prior to functional
studies. This is an important future direction. Due to junctional dysregulation in cultured
endothelial cells and the molecular and phenotypic heterogeneity between microvascular
endothelial cells from different tissues and species, 8:2440-45 careful selection of highly
conserved intercellular junctional complex components and transporters is needed to
determine the signaling mechanisms implicated in human BNB formation during
development, maintenance of function in normal healthy physiologic states, and ascertain
the alterations and adaptations that occur in disease states such as peripheral neuropathy of
different etiologies, as well as traumatic peripheral nerve injury.
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Figure 1. Blood-nerve barrier-restricted proteins
Representative indirect fluorescent digital photomicrographs of cryostat axial sections of

normal adult sural nerves show UEA-1-positive endothelial cells (green; A and E) with
proteins ABCB1 and SLC1A1 (red; B and F respectively) demonstrating restricted
expression by endoneurial microvascular endothelium on merged images (yellow; C and G
respectively), further demonstrated at higher magnification (yellow/orange; D and H
respectively). This suggests that these proteins have restricted BNB functions. White arrows
demonstrate positively staining endoneurial microvessels. Blue (DAPI) staining indicates
nuclei. Scale bar 500 pm for A-C and E-G, and 125 um for D and H.
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LIN7A

Figure 2. Restrictive junctional complex and transporter proteins
Representative indirect fluorescent digital photomicrographs of cryostat axial sections of

normal adult sural nerves show UEA-1-positive endothelial cells (green; A, E, I, M, Q, U)
with expression of LIN7A, CDH5, CLDN4, VEZT, SLC16A1 and SLC19A2 (red; B, F, J,
N, R, V respectively) restricted to endoneurial microvessels shown in the merged images at
lower and higher magnifications (yellow/ orange). LIN7A expression by endoneurial
microvessels is apparent only at higher magnification (D). These proteins are expressed by
the restrictive BNB and shared with other selected cell types suggesting specialized roles in
the restrictive junctional complex formation (LIN7A, CDH5, CLDN4 and VEZT) or
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specialized nutrient transporters (SLC16A1 and SLC19A2) within normal adult peripheral
nerves, as determined by known morphological profiles /n situ. White arrows demonstrate
positively staining endoneurial microvascular endothelium. Blue (DAPI) staining indicates
nuclei. Scale bar 500 um for A-C, E-G, I-K, M-O, Q-S and U-W, and 125 um for D, H, L, P,
T and X.
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Figure 3. Endothelial cell-specific proteins
Representative indirect fluorescent digital photomicrographs of cryostat axial sections of

normal adult sural nerves show UEA-1-positive endothelial cells (green; A, E, I, M) with
expression of CLDN5, ESAM, MPDZ and CDH6 (red; B, F, J, N respectively) restricted to
endoneurial microvessels and fenestrated epineurial macrovessels shown in the merged
images at lower and higher magnifications (yellow/ orange). CDHS6 is also expressed by
large diameter axons (M-P). Expression of these proteins by both endoneurial microvascular
and epineurial macrovascular endothelium suggests endothelial-specific, non-restrictive
barrier functions at the normal adult human BNB. White arrows demonstrate positively
staining endoneurial microvessels. Blue (DAPI) staining indicates nuclei. Scale bar 500 um
for A-C, E-G, I-K, M-0, and 125 um for D, H, L and P.
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Figure 4. Endothelial and specialized epithelial-specific proteins

Representative indirect fluorescent digital photomicrographs of cryostat axial sections of
normal adult sural nerves show UEA-1-positive endothelial cells (green; A, E, I, M, Q) with
expression of CAV1, GJA1, TIP1, ZYX and CTNNAL (red; B, F, J, N, R respectively)
restricted to endoneurial microvessels, fenestrated epineurial macrovessels and the
perineurium, shown in the merged images at lower and higher magnifications (yellow/
orange for endothelial cells). Expression of these proteins by both microvascular and
macrovascular endothelial cells and the perineurium suggests non-restrictive barrier, but
specialized endothelial and epithelial cell functions in the normal adult human peripheral
nerves. White arrows demonstrate positively staining endoneurial microvessels. Blue (DAPI)
staining indicates nuclei. Scale bar 500 um for A-C, E-G, I-K, M-0O, and Q-S and 125 ym
forD,H,L,PandT.
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Figure5. Peripheral nerve cell-specific structural proteins
Representative indirect fluorescent digital photomicrographs of cryostat axial sections of

normal adult sural nerves show UEA-1-positive endothelial cells (green; A, E, I, M, Q) with
expression of PCDH1, CD44, ACTG1, CALD1 and MYO10 (red; B, F, J, N, R respectively)
on endoneurial microvessels, fenestrated epineurial macrovessels, perineurium and Schwann
cells (PCDH1) and axons (CD44, ACTG1, CALD1 and MYQ10), shown in the merged
images at lower and higher magnifications (yellow/ orange for endothelial cells). Expression
of these proteins by these cell types implies roles in maintaining the structural integrity of
peripheral nerve specific cells in normal adult nerves. White arrows demonstrate positively
staining endoneurial microvessels. Blue (DAPI) staining indicates nuclei. Scale bar 500 um
for A-C, E-G, I-K, M-0, and Q-S and 125 ym for D, H, L, P and T.
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Figure 6. Generalized cellular proteins
Representative indirect fluorescent digital photomicrographs of cryostat axial sections of

normal adult sural nerves show UEA-1-positive endothelium (green; A,E, 1) with proteins
AQP1, FLNA and CD63 (red; B, F, J respectively) demonstrating expression by micro- and
macrovascular endothelial cells, the perineurium and pericytes on merged images at lower
and higher magnifications (yellow/orange for endothelial cells). AQP1-negative endoneurial
microvessels with retained pericyte expression (white arrowheads; D) are seen in a single
normal adult sural nerve (Sural Nerve 2, see Table 2). CD63 is also expressed by Schwann
cells (I-L). White arrows demonstrate positively staining endoneurial microvessels. Blue
(DAPI) staining indicates nuclei. Scale bar 500 um for A-C, E-G and I-K, and 125 um for D,
Hand L.
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List of primary antibodies used to characterize normal adult sural nerves.

Page 19

The primary antibody list to detect selected proteins in normal peripheral nerves based on data obtained from
the human BNB transcriptome includes detailed information of the antibodies, including final concentrations

used for indirect fluorescent immunohistochemistry.

Gene Protein Name Antibody Catalog Host/I sotype, Final
Symbol Source Number Stock Concentration Concentration
ABCB1 P-glycoprotein Life Technologies MA5-13854 | Mouse / 1gG1, 0.2 mg/mL 4 ug/mL
ACTG1 Gamma-1 actin Life Technologies PA5-13467 Rabbit / 1gG, 2 mg/mL 40 pg/mL
AQP1 Aquxaporin 1 Santa Cruz sc-25287 Mouse/ 1gG1 (kappa light chain), 4 ug/mL
Biotechnology 200 pg/mL
CALD1 Caldesmon 1 Abcam ab68878 Rabbit/ Polyclonal 1gG, 0.3 mg/mL 1 pg/mL
CAV1 Caveolin 1 Santa Cruz sc-53564 Mouse/ IgG2b (kappa light chain), 4 pg/mL
Biotechnology 200 pg/mL
CD44 Cell surface adhesion Santa Cruz sc-7297 Mouse/ 1gG1 (kappa light chain), 4 ug/mL
glycoprotein Biotechnology 200 pg/mL
CD63 Tetraspanin family Santa Cruz sc-5275 Mouse/ 1gG2a (kappa light chain), 4 ug/mL
member Biotechnology 200 pg/mL
CDH5 Cadherin 5 Santa Cruz sc-9989 Mouse/ 1gG1 (kappa light chain), 4 ug/mL
Biotechnology 200 pg/mL
CDH6 Cadherin 6 Life Technologies MAZ1-06305 | Mouse/1gG1, 1 mg/mL 20 pg/mL
CLDN4 Claudin 4 Life Technologies 36-4800 Rabbit / 1gG, 0.25 mg/mL 2.5 pg/mL
CLDN5 Claudin 5 Life Technologies 35-2500 Mouse / 1gG1, 0.5mg/mL 10 pg/mL
CTNNAL | Alpha-1 catenin Life Technologies 13-9700 Mouse / 1gG1 kappa, 0.5 mg/mL 2 pg/mL
ESAM Endothelial cell adhesion R&D Systems MAB4204 Mouse/ 19gG2b, 0.5 mg/mL 10 pg/mL
molecule
FLNA Filamin A Santa Cruz sc-17749 Mouse/ IgG2a (kappa light chain), 4 pg/mL
Biotechnology 200 pg/mL
GJAl Gap junction protein alpha | Life Technologies 13-8300 Mouse / 1gG1, 0.5 mg/mL 10 pg/mL
1
LIN7A Lin 7A, crumbs cell Life Technologies PA5-30871 Rabbit / 1gG, 1 mg/mL 20 pg/mL
polarity complex
MPDZ Multiple PDZ domain Sigma-Aldrich HPA020255 | Rabbit/ Polyclonal IgG, 0.1 mg/mL 2 pg/mL
crumbs cell polarity
complex component
MYO10 Myosin X Life Technologies PA5-55019 Rabbit / 1gG, 0.3 mg/mL 6 pg/mL
PCDH1 Protocadherin 1 Life Technologies PA5-35091 Rabbit / 1gG, 0.47 mg/mL 9.4 ug/mL
SLC1A1 Glutamate transporter Cell Signaling 14501 Rabbit/IgG, 160 mg/mL 320 pg/mL
Technology
SLC16A1 | Monocarboxylate Santa Cruz sc-365501 Mouse/ 1gG1 (kappa light chain), 4 ug/mL
transporter 1 Biotechnology 200 pg/mL
SLC19A2 | Thiamine transporter Life Technologies PA5-53456 Rabbit / 1gG, 0.1 mg/mL 2 pg/mL
TJP1 Zona occludens-1 Life Technologies 61-7300 Rabbit / 1gG, 0.25 mg/mL 2.5 pug/mL
VEZT Vezatin Life Technologies PA5-52115 Rabbit / 19gG, 100 pL, 0.3 mg/mL 6 pg/mL
ZYX Zyxin Life Technologies PA1-25162 Rabbit / 1gG, 13.3 mg/mL 133 pug/mL

J Peripher Nerv Syst. Author manuscript; available in PMC 2020 June 04.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ouyang et al.

Table 2.
Quantitative expression of selected proteins by normal adult sural nerve endoneurial
microvascular endothelium.
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Numbers depict the percentages of UEA-1-positive endoneurial microvessels expressing the indicated protein
in each complete axial sural nerve cross-section analyzed by indirect fluorescent immunohistochemistry for

each normal adult (Sural Nerve 1-4). The selected proteins are expressed in = 90% of endoneurial

microvessels with the Sural Nerve 2 demonstrating the most variability in endoneurial microvessel protein

expression for unknown reasons. CTNNAL is the only protein not expressed on 100% of endoneurial
microvessels in any of these specimens. These observations suggest some endoneurial endothelial cell

heterogeneity that require further investigation.

Protein Gene | Sural Nervel | Sural Nerve2 | Sural Nerve3 | Sural Nerve4
Symbol

ABCB1 100 100 100 100
ACTG1 100 100 100 100
AQP1 100 90 100 100
CALD1 100 100 100 100
CAV1 100 100 100 100
CD44 100 100 100 100
CD63 100 100 100 100
CDH5 100 93 100 100
CDH6 100 97 97 96
CLDN4 100 94 100 100
CLDN5S 100 100 100 100
CTNNAL 94 91 93 94
ESAM 100 100 100 100
FLNA 100 100 100 100
GJAL 100 100 100 100
LIN7A 100 100 100 100
MPDZ 100 100 100 100
MYO10 100 100 100 100
PCDH1 97 91 100 100
SLC1Al 92 100 97 100
SLC16A1 96 100 100 100
SLC19A2 100 100 100 100
TJP1 100 100 100 100
VEZT 100 100 100 100
ZYX 100 100 100 100
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