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TRPV4 channel mediates the increase of pulmonary microvascular endothelial
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Abstract: The purpose of the present study was to investigate the effect of transient receptor potential vanilloid 4 (TRPV4) channel
on the permeability of pulmonary microvascular endothelial cells (PMVECs) in rats with chronic hypoxia-induced pulmonary hyper-
tension (CHPH), so as to clarify the mechanism of vascular endothelial dysfunction during the occurrence of pulmonary hypertension
(PH). CHPH rat model was established by exposure to chronic hypoxia (CH) for 21 days. Primary PMVECs were cultured by adherent
tissue blocks at the edge of the lung. The permeability coefficient of primary cultured PMVECs was detected by fluorescein
isothiocyanate (FITC)-dextran. The structure of tight junction (TJ) was observed by transmission electron microscope. The expression
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of TRPV4 and TJ-related proteins, such as, Occludin, Claudin-5, ZO-1 were examined by real-time fluorescence quantitative PCR and
Western blotting. The intracellular calcium concentration ([Ca®"];) in PMVECs and its effect on PMVECs permeability were observed
after the intervention of TRPV4 specific agonist GSK1016790A (GSK, 10 nmol/L) and specific inhibitor HC-067047 (HC, 1 umol/L,
0.5 pmol/L). The results showed that the CHPH model was successfully established in rats treated with CH for 21 days. In CHPH rats,
the structure of TJ was destroyed, the function of PMVECs barrier was decreased, the intercellular permeability was increased, the
expression of TJ-related proteins were significantly decreased and the expression of TRPV4 was significantly increased (P < 0.01).
The amplitude of [Ca*"]; in PMVECs of CHPH rats was significantly increased after activation of TRPV4. The inhibition ratio of HC
on [Ca™; in PMVECs of CHPH rats was significantly higher than that in normal PMVECs. TRPV4 specific inhibitor HC reversed the
increase of PMVECs permeability and increased the expression of three TJ-related proteins in CHPH rats (P < 0.01, P < 0.05). These
results suggest that TRPV4 channel can induce endothelial dysfunction by increasing the [Ca’], resulting in the destruction of TJ

structure and the decrease of TJ-related proteins expression on PMVECs in CHPH rats.
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Table 1. Oligonucleotide primers for real-time PCR

Gene Oligonucleotide primers (5'-3") Product (bp)

Claudin-5 Sense TTGGAAGGGGCTGTGGAT 177
Antisense GGAAAACTGAACTCTGGACGC

Occludin Sense GGACTGTTCAGAGCTCCGTC 132
Antisense GTGAGCACTAGCAAGTTGGC

Z0-1 Sense ATCCCACAAGGAGCCATTCC 145
Antisense TCACAGTGTGGCAAGCGTAG

TRPV4 Sense AAGCCGATATAGGGCGACAG 217
Antisense GAAAGACCCCGATCTTGCCA

GAPDH Sense ACAGCAACAGGGTGGTGGAC 252
Antisense TTTGAGGGTGCAGCGAACTT
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Fig. 1. Validation of pulmonary hypertension in rats treated by exposure to chronic hypoxia (CH) for 3 weeks. 4, B: The average
values of right ventricular systolic pressure (RVSP, 4) and right ventricular mass index (RVMI, B) of control (CON) and CH rats. C, D:
Representative tracings of right ventricular pressure (RVP) recorded from a CON rat (C) and a CH rat (D). Mean = SD, n=9, "P<0.01

vs CON group.
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Fig. 2. The culture and identification of rat pulmonary microvascular endothelial cells (PMVECs). Primary PMVECs were cultured
by adherent tissue blocks at the edge of the lung. 4—C: The cell morphology cultured after 2 (4), 3 (B), and 8 days (C) of tissue block
attachment. Scale bar, 100 pm. D, E, and F: Cultured cells were identified by immunofluorescence staining of CD31 (D) and vWF (E)
polyclonal antibodies as vascular endothelial cells, and by FITC-BSI binding assay as PMVECs (F). Scale bar, 50 um.
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Fig. 3. Construction of rat pulmonary microvascular endothelial cells (PMVECs) monolayer model and comparison of permeability.
A: The transendothelial electrical resistance (TER) value of PMVECs monolayer model in control (CON) and chronic hypoxia (CH)
groups. B: The tracer molecule (FITC) from the upper to the lower chamber during the last 1 hours of incubation was measured in
CON and CH groups. Mean + SD, n=11-14, “P < 0.01 vs CON group.

CON

4. BTV ZECHPH K FPMVECs I %% % #(tight junction, TJ)Z5 1448 (b

Fig. 4. Transmission electron microscopy (TEM) image of tight junctions (TJ) in PMVECs of control (CON) and chronic hypoxia (CH)
groups. The tight connection position between PMVECs is shown in the white round frame; the white square is the enlargement of the
TJ structure. TJ structure of CON group was completed, while the structure of CH group was destructed at various degrees. Scale bar,

500 nm.
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Fig. 5. The mRNA expression of TRPV4 (4) and TJ-related proteins Occludin (B), Claudin-5 (C), ZO-1 (D) in PMVECs of control
(CON) and chronic hypoxia (CH) groups. Mean + SD, n =7 each; ‘P < 0.05, "P<0.01 vs CON group.
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Fig. 6. Representative immunoblots showing the expression of TRPV4 (4) and TJ-related proteins Occludin (B) and ZO-1 (C) in
PMVECs of control (CON) and chronic hypoxia (CH) groups. Mean + SD, 1 = 7 each; P < 0.05 vs CON group.
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