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Abstract
The perineurium serves as a selective, metabolically active diffusion barrier in the peripheral nervous system, which is 
composed of perineurial cells joined together by tight junctions (TJs). Not only are these junctions known to play an essential 
role in maintaining cellular polarity and tissue integrity, but also limit the paracellular diffusion of certain molecules and ions, 
whereas loss of TJs barrier function is imperative for tumour growth, invasion and metastasis. Hence, a detailed study on the 
barrier function of perineurial cells may provide insights into the molecular mechanism of perineural invasion (PNI). In this 
study, we aimed to develop an efficient procedure for the establishment of perineurial cell lines as a tool for investigating 
the physiology and pathophysiology of the peripheral nerve barriers. Herein, the isolation, expansion, characterization and 
maintenance of perineurial cell lines under favourable conditions are presented. Furthermore, the analysis of the phenotypic 
features of these perineurial cells as well as the barrier function for the study of PNI are described. Such techniques may 
provide a valuable means for the functional and molecular investigation of perineurial cells, and in particular may elucidate 
the pathogenesis and progression of PNI, and other peripheral nerve disorders.
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Introduction

Perineural invasion (PNI) refers to invasion and metasta-
sis of tumour cells along a nerve or membrane structure 
around nerve fibres. PNI is one of the markers of a malignant 
tumour and a distinctive mechanism of malignant tumour 
metastasis, which often leads to incomplete tumour resection 

and postoperative tumour recurrence and seriously affects 
the prognosis of patients (Chen et al. 2019). Liebig et al. 
first defined PNI as a condition in which a tumour is close to 
nerve fibres and surrounding the periphery of nerve fibres by 
at least 33% or in which tumour cells have invaded into any 
of three layers of connective tissue enveloping nerve fibres; 
this definition also constitutes the pathological diagnostic 
criteria for the occurrence of PNI (Liebig et al. 2009). It 
is known that PNI is a complex process involving multiple 
cytokines and signal pathways resulting from interaction 
with and promotion of tumour cells by the tumour microen-
vironment (Liang et al. 2016). Common types of tumours 
involving perineural invasion include prostate cancer, pan-
creatic cancer, stomach cancer, adenoid cystic carcinoma, 
etc. (Deng et al. 2014; Lubig et al. 2018; Patel et al. 2018; 
Zhang et al. 2018). Tumours with perineural invasion often 
have a poor prognosis; therefore, further study of the mech-
anism of tumour perineural invasion has very important 
clinical value for earlier and more accurate determination 
of whether patients have perineural invasion, or even for 
blocking or reversing the PNI of tumours.

Nerve fibres of the peripheral nervous system gather 
together to form nerves, and the dense connective tissue 
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surrounding a nerve has three layers; i.e. epineurium, peri-
neurium and endoneurium from outside to inside (Reina 
et al. 2000). The cell barrier composed of perineurial cells 
is the first layer of cell barrier structure for defence against 
perineural invasion by tumours. The study of the mechanism 
of interaction between tumours and perineurial cells is of 
great value for further exploration of PNI mechanisms in 
salivary adenoid cystic carcinoma.

Perineurial cells are derived from mesenchymal cells. 
They constitute the perineurium and create a physical 
barrier to maintain the integrity and stability of the nerve’s 
internal environment; they moreover limit entry by bioactive 
proteins, infectious pathogens and haematogenous cells 
(Erlandson 1991). The interaction between tumours and the 
perineurium is of great significance for further exploration 
of the early mechanism of PNI in tumours. However, there 
are few studies of the perineurial barrier at present, and 
a complete system of perineurial cell culture is lacking. 
In vitro studies of the relationship between nerve tumours 
and the perineurium are limited. This study mainly does 
the following: investigates culture methods and conditions 
for perineurial cells; identifies perineurial cells; discusses 
their functional features; develops plans for establishing a 
methodology for separation, culture and identification of 
perineurial cells; and conveys a certain understanding to 
provide reference value for further investigation of the role 
of perineurial cells in tumour perineural invasion.

Methods

Cell Culture

RSC96 (iCell Bioscience Inc, Shanghai, China), a rat 
Schwann cell line, was cultured in DMEM (Gibco, Carls-
bad, CA, USA) medium containing 10% foetal bovine 
serum (FBS). SACC-83 (From Prof. Jingsong Li of Depart-
ment of Oral and Maxillofacial Surgery, SUN YAT-SEN 
MEMORIAL HOSPITAL, SUN YAT-SEN UNIVER-
SITY), an adenoid cystic carcinoma cell line, was cultured 
in RPMI 1640 medium (Gibco, Carlsbad, CA, USA) con-
taining 10% FBS (Gibco, Carlsbad, CA, USA). Regarding 

the primary culture of perineurial cells, the Institutional 
Animal Care and Use Committee of Southern Medical Uni-
versity approved this study. Three-week-old Sprague–Daw-
ley rats were deeply anesthetized with an intraperitoneal 
injection of 100 mg/kg ketamine and 15 mg/kg xylazine, 
until the absence of a deep tendon reflex (no foot or paw 
withdrawal in response to pinching). Each rat was sacri-
ficed by cervical dislocation and disinfected by immer-
sion in 75% alcohol, and then decapitated and fixed in the 
prone position. The spinal cord was removed by severing 
the spinal canal with microscissors, exposing the dorsal 
root ganglion (DRG) (Fig. 1). The DRG was rinsed with 
PBS and digested by trypsin (30 min), then the supernatant 
was removed and the DRG tissue was digested by trypsin 
again (30 min) after centrifugation (300 g, 3 min). After 
digestion, cells were dispersed by repeated pipetting with 
a 1-mL pipette and then cultured in a Petri dish for 3 h 
(37 °C, 5% CO2). Finally, the supernatant, tissue mass 
and non-adherent cells were removed, and adherent cells 
were cultured in DMEM (DMEM medium containing 10% 
foetal bovine serum) or Basal Epithelial Medium (BEM; 
consisted of a 3:1 mixture of Ham’s F12 and DMEM sup-
plemented with 2.5% FBS, 10 ng/mL Epidermal Growth 
Factor, 0.4 μg/mL Hydrocortisone and 0.5 μg/mL insulin) 
or ECM (Sciencell, San Diego, California, USA) mediums, 
respectively. All cultures were supplemented with 100 UI/
mL penicillin and 100 μg/mL streptomycin and placed in 
an incubator (37 °C, 5% CO2). Cell growth was observed 
under a microscope.

Immunocytochemistry

The second generation of perineurial cells were harvested, 
prepared into cell suspension after digestion by trypsin and 
inoculated into a 24-well plate with a slide in advance. After 
cells reached 50% of the slide, they were fixed with 4% para-
formaldehyde. Hydrogen peroxide (30%) and methanol were 
mixed at a ratio of 1:50, dropped on the slide surface and 
incubated at 37 °C for 20 min to inactivate endogenous per-
oxidase. Confining liquid was added and blocked at room 
temperature for 20 min. Cells were incubated with rabbit 
anti-human OCLN (Abcam, Cambridge, England), CLDN1 
(Abcam, Cambridge, England), GLUT1 (Abcam, Cam-
bridge, England), EMA (Cell Signaling Technology, Bev-
erly, MA, USA), S-100 (Cell Signaling Technology, Beverly, 
MA, USA) and CD57 (Cell Signaling Technology, Beverly, 
MA, USA) antibodies (1:50 dilution) overnight at 4 °C and 
washed three times with PBS. Cells were then incubated 
with HRP-conjugated or Alexa Fluor 594-conjugated goat 
anti-rabbit IgG (1:1000 dilution) at room temperature for 
1 h. HRP activity was detected by diaminobenzidine tet-
rahydrochloride (DAB) staining, and immunofluorescence 
staining was performed to stain nuclei using 1 mg/L DAPI. 

Fig. 1   Perineurial cells in primary culture and verification. a The 
position of dorsal root ganglion (DRG) is indicated by arrow. b Cell 
morphology of perineurial cells was observed under inverted micro-
scope: Primary perineurial cells showed a flat, polygonal appearance 
(A: × 40; B: × 100); The first-generation (P1) perineurial cells were 
more slender than the primary cells (C: × 40; D: × 100). c Identifi-
cation of perineurial cells by immunocytochemical staining under 
light microscope (× 400): perineurial cells were positive for CLDN1 
(A), GLUT1 (B), EMA (C) and negative for CD57 (D), S-100 (E). d 
Identification of perineurial cells by flow cytometry: perineurial cells 
were positive for CD29 and negative for CD31, CD34

◂
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Cells were then imaged under an optical or a fluorescent 
microscope.

MTT Assay

DMEM, BEM and ECM mediums were used in primary 
culture to culture perineurial cells. Perineurial cells in 
logarithmic growth phase were inoculated into a 96-well 
plate at a density of 5 × 103/mL. DMEM, BEM and ECM 
mediums were adopted separately and incubated at 37 °C 
and 5% CO2, using days as a unit. MTT staining solution was 
added for 7 consecutive days. The supernatant was drawn 
up after continuous culture for 4 h; DMSO was added and 
the preparation was shaken thoroughly on a shaker. The 
absorbance value was measured with a microplate reader at 
570 nm wavelength. Each well was repeated at least three 
times; cell proliferation curves were drawn according to the 
obtained OD values.

Flow Cytometry

Logarithmic perineurial cells cultured in DMEM, BEM 
and ECM mediums were prepared into cell suspensions, 
centrifuged and resuspended, washed twice with PBS 
with the supernatant discarded, fixed with 70% ethanol at 
4 °C overnight, washed twice with PBS to remove ethanol, 
incubated at 37 °C for 30 min and by 10 μL of RNase at 37 
℃ for 20 min, stained with PI staining solution and analysed 
by flow cytometry.

Cell Tubule Formation Assay

A pre-cooled pipette tip was used to spread Matrigel on ice 
in a 96-well plate at 50 μL per well; the plate was placed 
in a 37 °C, 5% CO2 incubator for 1 h and cell suspension 
was added (2 × 104 cells/well). After 6 h, 12 h, 18 h, 24 h 
and 36 h, the tubular arrangement of cells and the number 
and integrity of tubular structures were observed under a 
microscope and photographed.

Electron Microscope

The second generation of perineurial cells were harvested, 
prepared into cell suspension and inoculated into a 24-well 
plate with a slide in advance. After cells reached 50% of 
the slide, they were postfixed with 2.5% glutaraldehyde for 
2 h, washed with 0.1 M phosphate-buffered saline and then 
exposed to 1% osmium tetroxide for 2 h. Subsequently, they 
were washed several times with PBS, dehydrated using an 
alcohol gradient and embedded in Epon resin. Randomly 
selected, ultrathin sections were stained with uranyl acetate 

and lead citrate and then examined using a transmission 
electron microscope (H-7650, HITACHI, Tokyo, Japan).

Transmembrane Electrical Resistance 
Measurements

Perineurial cells and RSC96 were, respectively, seeded onto 
collagen-coated 12-mm-diameter polycarbonate Transwell 
permeable support cell culture inserts (0.4 pore size). Then, 
cells were cultured for 24 h until the formation of tight 
monolayers. The resistance values were measured with a 
resistance metre at 24 h, 48 h and 72 h.

Cell Monolayer Permeability Assays

Permeability across cell monolayers was measured using 
gelatin-coated Transwell units. Perineurial cells and RSC96 
were separately plated and then cultured for 24 h until the 
formation of tight monolayers. Then, FITC-labelled dextran 
(1 mg/mL of fluorescein isothiocyanate-dextran, molecular 
mass: 10 kDa; Sigma-Aldrich, USA) was added to the top of 
each chamber. After 30-min treatment with FITC-dextran, 
100 μL of each receiver plate well solution was collected, 
and fluorescence was evaluated using a SpectraMax M5 
multifunctional microplate reader. The fluorescence due to 
FITC-dextran was determined using the Gen5 program at an 
excitation wavelength of 485 nm and an emission wavelength 
of 527 nm. Values are expressed as fluorescence arbitrary 
units (a.u). The experiment was repeated three times.

Boyden Chamber Assay

Perineurial cells and RSC96 were separately plated and 
cultured as above until tight monolayers formed. Then, 
SACC-83 cells were labelled with calcein (500  nM), 
following the manufacturer’s instructions. Calcein-AM 
labelled SACC-83 cells were added to each monolayer at 
a density of 1.5 × 105 cells/dish. After 12 h of migration, 
cells in each upper chamber were removed with cotton 
swabs. SACC-83 cells which crossed the membrane of each 
Transwell unit were counted in five different visual fields 
under an IX71 fluorescence microscope equipped with a 
20X objective. The experiment was repeated three times.

Statistical Analysis

Assay data were statistically plotted with GraphPad Prism 
5.0, and related data analysis was performed with SPSS 19.0 
statistical software. Pairwise comparisons of data between 
groups were performed using the independent sample t test. 
The statistical significance for resistance data analysis and 
permeability assays was determined by one-way analysis 
of variance (ANOVA), followed by multiple pairwise 
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comparisons with Tukey’s post hoc tests. Differences were 
considered statistically significant at P < 0.05.

Results

Culture and Identification of Perineurial Cells

After 3  days of primary culture, the distribution of 
perineurial cells was observed with an inverted microscope. 
Cells appeared flat and polygonal (Fig. 1b), which was 
consistent with the morphological features of endothelial 
cells. One week later (after cell passage), the first-generation 
(P1) perineurial cells were more slender than primary cells 
(Fig. 1b), and cells were tightly connected into a sheet. 
Immunocytochemical staining results (Fig.  1c) showed 
that CLDN1, GLUT1 and EMA from the primary culture 
perineurial cells were positively expressed, the cytoplasm 
was brown and the staining was darker. CLDN1, GLUT1 
and EMA were used as identification indexes for perineurial 
cells. Additionally, the expression of S-100 and CD57 was 
negative, distinguishing these cells from Schwann cells. 
In conclusion, these primary cultured cells were proven 
to be perineurial cells (Hirose et al. 2003; Peltonen et al. 
1987). Flow cytometry results (Fig. 1d) showed negative 
expression of endothelial cell markers CD31 and CD34 in 
these cells, which indicated that although the morphology 
of perineurial cells was similar to that of endothelial cells, 
it was not identical to endothelial cells. The mesenchymal 
marker CD29 was positively expressed, suggesting that 
perineurial cells may be derived from mesenchymal cells.

To select the most suitable medium, DMEM, BEM and 
ECM mediums were separately used to culture perineurial 
cells. It can be seen from the figure (Fig. 2a) that after 3 days 
of primary culture, the ECM medium contained the great-
est number of cells. Morphology of cells in ECM and BEM 
mediums was clearer than for those in DMEM medium, and 
cells were arranged more closely and were polygonal. Cells 
in DMEM medium were relatively slender, loosely arranged 
and the number of cells was relatively low. After passage, 
the number and morphology of cells cultured in different 
mediums also differed. The cell arrangement in BEM and 
DMEM mediums was relatively loose compared to that in 
the ECM medium, and numbers were also low.

Proliferative Capacity of Perineurial Cells Cultured 
in Different Mediums

MTT was used to detect changes in the proliferative capacity 
of perineurial cells cultured in different mediums, and the 
results showed that the OD value of the ECM group was 
significantly higher than that of the DMEM group and the 
BEM group over time (P < 0.01). Additionally, the BEM 

group had a higher OD value than did the DMEM group 
(P < 0.01) (Fig. 2b). Flow cytometry was adopted to detect 
the cell cycle of perineurial cells cultured in different 
mediums (Fig. 2c). The results showed that the percentage 
of cells in either G2 or S phase in the ECM group was 
significantly higher than in the BEM and DMEM groups, 
and the percentage of cells in either G2 or S phase in the 
BEM group was significantly higher than in the DMEM 
group (P < 0.05). It is suggested that, compared with DMEM 
medium and BEM medium, the cell proliferation capacity 
of perineurial cells was significantly enhanced when cells 
were cultured with ECM medium. In addition, compared 
with DMEM medium, BEM medium showed stronger 
proliferation capacity of perineurial cells.

Perineurial Cells had the Capacity to form Tubules 
In Vitro

Interestingly, it was found that when cultured cells were 
sparse, perineurial cells were arranged into a cobweb-like 
structure, forming a single cavity-like structure (Fig. 3a). 
Combining the features of perineurial cells that could sur-
round the nerve tract, it was speculated that perineurial 
cells had the capacity to form tubules. A tubule-forming 
assay showed that perineurial cells had the capacity to form 
tubules (Fig. 3b). Lumina began to form at 6 h and gradually 
expanded and developed at 12–24 h. They began to shrink 
after 24 h until becoming almost completely filled with pro-
liferating cells at 36 h.

Perineurial Cells Exhibit Barrier Capacity

Transmission electron microscopy (Fig. 4a) showed that 
tight junctions (TJs) were formed between perineurial cells 
and were complete, and the desmosome structure could be 
seen. The cell immunofluorescence chemistry experiment 
(Fig. 4b) showed that OCLN was positively expressed in 
perineurial cells and mainly distributed around the cell mem-
branes, with perineurial cells arranged closely. To verify the 
barrier functioning of perineurial cells, a transmembrane 
electrical resistance experiment, cell monolayer perme-
ability assay and Boyden chamber assay were performed to 
compare perineurial cells with their adjacent Schwann cells.

Electrical resistance is a measure of the barrier property 
of the epithelium, where decreased resistance indicates an 
increase in permeability. The transmembrane electrical 
resistance experiment showed that the resistance value of 
the barrier formed by perineurial cells was significantly 
higher than that of the Schwann cell group (Fig. 4c). The cell 
monolayer permeability assay (Fig. 4d) showed that the OD 
value of perineurial cells was significantly lower than that 
of the Schwann cell group, indicating that macromolecular 
substances that penetrated the cell barrier were significantly 



812	 Cellular and Molecular Neurobiology (2022) 42:807–816

1 3



813Cellular and Molecular Neurobiology (2022) 42:807–816	

1 3

less than for the Schwann cells. The Boyden chamber assay 
(Fig. 4e) showed that the number of metastatic SACC-83 
cells labelled with calcein-AM in the Schwann cell group 
was significantly higher than in the perineurial cells group. 
Therefore, it may be inferred that among the various layers 
of the nerve, perineurial cells are the main player in the 
nerve barrier function.

Discussion

PNI is one of the main features of many tumours, as well as 
a key pathological feature of many malignancies, including 
head–neck carcinoma, pancreatic cancer, colon cancer, rectal 
cancer, prostate cancer and gastric cancer. It is called the 
fourth pathway of tumour metastasis. The other three are 
direct invasion of surrounding tissues, lymphatic metastasis 
and haematogenous metastasis (Amit et al. 2016). PNI is 
closely related to survival rate and recurrence rate in cancer 
patients, and directly affects the prognosis of patients. For 
many malignant tumours, the occurrence of perineural 
invasion is often a sign of poor prognosis and reduced 
chance of survival (Gasparini et al. 2019; Kraus et al. 2019; 
Nozawa et al. 2019).

Of note, PNI occurrence is not the result of a single 
factor. Indeed, its formation is considered to be a continuous 
multistep process and associated with various influencing 
factors. Schwann cells have in recent years received 
increasing attention in relation to PNI process. It has been 
found that these cells can promote the survival of damaged 
nerve cells and regenerate the axons by secreting a variety of 
neurotrophic factors, which themselves have been implicated 
in promoting PNI and cancer invasion. Previous studies have 
shown that Schwann cells can migrate inward to tumours 
before PNI occurs, and promote tumour invasion by directly 
contacting cancer cells and guiding them to migrate toward 
the nerves (Deborde et al. 2016).

The perineural nerves are enclosed by three layers 
of connective tissue from the outside to the inside, 
the epineurium, perineurium and endoneurium. The 

perineurium is the outermost barrier system of nerves with 
cellular structure. It is composed of perineurial cells, which 
form tight junctions and surround the axon in a concentric 
circle with a certain defensive effect against tumour 
perineural invasion (Weerasuriya and Mizisin 2011), while 
the endoneurium surrounds individual axons and Schwann 
cells forming the myelin. Compared with Schwann cells, 
perineurial cells have stronger barrier capacity. They 
are the main player of nervous barrier function and the 
first line of defence against PNI by tumours (Reina et al. 
2003). When tumours invade a nerve, it is possible that the 
secretion of certain substances damages the tight junctions 
between perineurial cells and weakens the resistance 
of the perineurium barrier, thereby facilitating invasion 
of the nerve (Mizisin and Weerasuriya 2011). Studying 
the perineurium barrier will help to further elucidate the 
mechanism of PNI. The basis for studying the relationship 
between the perineurium barrier and tumour perineural 
invasion is first to establish a complete methodology for 
separation, culture and identification of perineurial cells, and 
second, to understand some features of perineurial cells, so 
that the mechanism can be better researched.

When studying the culture conditions of perineurial cells, 
three different culture mediums, ECM, BEM and DMEM, 
were used in order to select the most suitable culture 
medium. Cell cycle and cell reproductive activity in different 
mediums were tested through the MTT cell proliferation 
assay and flow cytometry. ECM is specialized for endothelial 
cells, BEM is suitable for the growth of epithelial cells and 
DMEM is widely suitable for the cultivation of a variety 
of cells, especially for mesenchymal cells. Interestingly, it 
was found that ECM was more suitable for perineurial cells 
than was DMEM, and their growth was best in ECM. Flow 
cytometry confirmed that perineurial cells were derived 
from mesenchymal cells. Therefore, it may be speculated 
that although perineurial cells are derived from neurogenic 
mesenchymal cells, they might be different from other 
mesenchymal cells and exhibit special features (Sasse et al. 
2015).

As for the identification of perineurial cells, some 
researchers previously proposed that CLDN1, GLUT1 and 
EMA were proteins specifically expressed by perineurial 
cells which could be used for the identification of this cell 
type (Izquierdo et al. 2012). Since such cells were cultured 
from the DRG of SD rats, Schwann cells were also present 
in addition to perineurial cells (Deborde and Wong 2017). 
S-100 and CD57 are considered to be specific proteins of 
Schwann cells (Chen et al. 2012), and have been used as 
markers to distinguish perineurial cells from Schwann cells 
(Al-Ghanem et al. 2013).

Interestingly, it was found that perineurial cells in a 
matrix-free cell culture dish could form a tubular-like struc-
ture. A tubule formation assay was performed subsequently 

Fig. 2   Effect of different media compositions on proliferation of peri-
neurial cells. a Cell morphology and proliferative capacity of perineurial 
cells cultured in different media were observed under inverted micro-
scope (× 100): ECM medium had the largest number of cells. Cell mor-
phology of ECM and BEM mediums was clearer than that of DMEM 
medium, and cells were arranged more closely and polygonal, while cells 
in DMEM medium were relatively slender, loosely arranged, and the 
number of cells was relatively small. b The proliferative capacity of peri-
neurial cells cultured in different media was assessed using MTT assay 
(**P < 0.01): The OD value of ECM group was significantly higher than 
that of DMEM group and BEM group. c The distribution of perineur-
ial cells cultured in different media as percentage in each cell cycle was 
examined by flow cytometry

◂
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to prove that perineurial cells could form tubules in vitro, 
which provided new ideas for exploring in vitro study mod-
els of perineurium formation.

In addition to perineurial cells, there are also Schwann 
cells in each layer of nerve structure. Perineurial cells were 
compared with Schwann cells, and the result showed that 
the barrier capacity of perineurial cells was much higher 
than that of Schwann cells, and Schwann cells had almost 
no barrier function. It is suggested that the barrier function 
of the nerve mainly derives from perineurium, not from 
Schwann cells. OCLN was an important cytoskeleton protein 
that formed tight junctions in cells and was expressed in 
perineurial cells and distributed in the cell membrane, 
suggesting that perineurial cells had tight junctions and 
certain barrier capacity (Pummi et al. 2006). In addition, it 
was observed with electron microscopy that tight junctions 
were formed between perineurial cells and desmosome 
structure was visible, indicating that perineurium has barrier 
capacity and may resist tumour invasion to a certain extent. 

Studying the mechanism of damage to the perineurium has 
significance for further exploration of the mechanism of 
tumour perineural invasion.

At present, some scholars have suggested that tumour 
perineural invasion is related to damage to the perineu-
rium barrier (Liu et al. 2018; Morris et al. 2017). As one 
of the important messengers of the tumour microenviron-
ment (Madeo et al. 2018), what role do exosomes play in the 
tumour microenvironment? According to some of our pre-
vious studies, tumour-derived exosomes act on perineurial 
cells and can damage tight junctions between cells, weaken 
the barrier between cells and thereby promote tumour inva-
sion. However, research on the perineurium is still relatively 
sparse, and the method for culturing perineurial cells has 
not yet been reported. In this article, a reliable method for 
separation, culture and identification of perineurial cells is 
presented, and perineurial cells are verified to have capac-
ity to form tubules. Tight junctions can be formed between 
perineurial cells, creating a barrier function. These findings 

Fig. 3   Tube formation ability 
of perineurial cells. a Observed 
under inverted microscope, 
perineurial cells were arranged 
into a cobweb-like structure, 
forming a single cavity-like 
structure (A: × 100; B: × 200). b 
In vitro tube formation assay of 
perineurial cells (× 40): lumen 
began to form at 6 h (A), and 
gradually expanded and formed 
at 12–24 h (B, C). It began to 
shrink after 24 h until it was 
almost completely filled with 
proliferating cells at 36 h (D)
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provide a specific experimental basis for continued investi-
gation of the mechanism of perineural invasion of tumours.

Although  rat  perineural  fibroblasts, R1710-SC 
(ScienCell, San Diego, California, USA) are currently 
commercially available, until now there has been no direct 
experimental evidence that demonstrates R1710-SC can 
form tight junction structure, as described in the product 
instruction of R1710-SC, as well as references (Ariza 
et  al. 1988; Erlandson 1991; Salzer 1999) cited in this 
instruction and other publications. By contrast, our data 
have demonstrated that the perineurial cells, cultured 
in our optimized conditions, can form tight junction that 
creates an intercellular barrier, as well as have the capacity 
of tube formation in vitro. Hence, the perineurial cells 
cultured by the method mentioned above could be used as 
a good cellular model to investigate the barrier function of 
perineurium in vitro.
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