
Red light stimulates vasodilation through extracellular vesicle 
trafficking

Dorothee Weihrauch2, Agnes Keszler1, Brian Lindemer1, John Krolikowski2, Nicole L. 
Lohr1,3,4,*

1Department of Medicine- Division of Cardiovascular Medicine

2Department of Anesthesiology

3Cardiovascular Center, Medical College of Wisconsin

4Clement J Zablocki VA Medical Center

Abstract

Red light (670 nm) promotes ex vivo dilation of blood vessels in a nitric oxide (NO) dependent, 

but eNOS independent manner by secreting a quasi-stable and transferable vasoactive substance 

with the characteristics of S-nitrosothiols (RSNO) from the endothelium. In the present work we 

establish that 670 nm light mediated vasodilation occurs in vivo and is physiologically stable. 

Light exposure depletes intracellular S-nitroso protein while concomitantly increasing 

extracellular RNSO, suggesting vesicular pathways are involved. Furthermore, we demonstrate 

this RSNO vasodilator is embedded in extracellular vesicles (EV). The action of red light on 

vesicular trafficking appears to increase expression of endosome associated membrane protein 

CD63 in bovine aortic endothelial cells, enhance endosome localization in the endothelium, and 

induce exit of RSNO containing EVs from murine facialis arteries. We suggest a mechanism by 

which the concerted actions of 670 nm light initiate formation of RSNO containing EVs which 

exit the endothelium and trigger relaxation of smooth muscle cells.
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Introduction

Red light therapies represent a targeted, non-invasive treatment for a plethora of diseases 

connected with inflammation and wound healing, yet also hold significant potential to 

improve serious neurological and cardiovascular conditions (1, 2). However, its therapeutic 

application for complex disease is restrained by the broad characterization of red light’s 

actions and the incomplete understanding of its mechanisms. Original mechanisms 

suggested the mitochondrion to be the primary target of 670 nm light treatment with 

resulting modulation of downstream energetic pathways (3). One putative mechanism 

involves nitric oxide (NO) mediated regulation of the mitochondrial complex IV 

(cytochrome c oxidase) by competing with oxygen for the same binding site and altering 

electron flow (4). However, our previous work suggests that red light can promptly liberate 

NO from precursor molecules, such as nitrosyl hemoglobin and myoglobin (HbNO, and 

MbNO), S-nitrosothiols (RSNO), and dinitrosyl iron complexes (DNIC) without the 

intermediacy of mitochondria, to regulate vasodilation (5–8). We have confirmed the 

etiology of the 670 nm light’s action is not related to temperature increases.

We have also established that 670 nm light exposure leads to dilation of pre-constricted 

murine facialis arteries in an eNOS independent but NO dependent manner. Interestingly, the 

dilation by 670 nm light induced the release of a quasi-stable vasoactive substance, most 

probably RSNO that could be transferred to and dilate a naїve vessel. This unusual finding 

led to a hypothesis that the vasoactive RSNO substance is enveloped in extracellular vesicles 

whose release may be stimulated by red light. Vesicles are lipid bilayer enclosed cytosol 

particles containing proteins and other cellular material formed within and exit cells by 

various stimuli (9–11). Indeed, we detected an increased number of vesicles and a higher 

concentration of S-nitroso proteins in the vessel bath after red light exposure compared to 

control. In a cellular model, we found that the red light stimulates exocytosis and depletes S-

nitroso protein level. Here we suggest a mechanism by which 670 nm light triggers RSNO 

containing vesicle production in the endothelium followed by exocytosis.

Materials and Methods

Materials

Anti-S-nitrosocysteine antibody was purchased from Abcam (Cambridge, MA) and 

lysosomal associated membrane protein 3 (CD63) was purchased from Santa Cruz 

Biotechnologies (Santa Cruz, CA). The styryl dye N - (3- Trimethylammoniumpropyl) – 4 - 

(6 - (4- (Dimthylamino) phenyl) hexatrienyl) Pyridium Dibromide (FM5–95) was purchased 

from ThermoFisher (Waltham, MA). All other materials used were Sigma-Aldrich (St. 

Louis, MO) products. LED light sources with power supply were purchased from Quantum 

Devices Inc., Barneveld, WI and NIR Technologies, Waukesha, WI. Power output was 

determined with X97 Optometer (Gigahertz Optic Gbmh, Turkenfeld, Germany).

Laser Doppler Perfusion Imaging

C57BL/6 mice (25.2 ± 0.3 g, n = 8) were purchased from Jackson Laboratories. All 

experimental procedures and protocols used in this investigation were reviewed and 
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approved by the Animal Care and Use Committee of the Medical College of Wisconsin. 

Furthermore, all procedures and protocols conformed to the Guiding Principles in the Care 
and Use of Animals of the American Physiologic Society and were in accordance with the 

Guide for the Care and Use of Laboratory Animals. For laser Doppler measurement mice 

were anesthetized with 1.25% isoflurane-O2. Rectal temperature was maintained at 37.0 ± 

0.5°C. The hair on the hindlimb and thigh region of the posterior side of the mouse was 

removed. Hindlimb perfusion was assessed noninvasively in the plantar foot (index of the 

overall leg perfusion) before and immediately after red light treatment (670 nm) by scanning 

laser-Doppler (model LDI2-IR; Moor Instruments, Wilmington, DE). The left thigh received 

no light and served as control for each animal, the right thigh was treated with 0, 25, 50, and 

100 mW/cm2 of 670 nm light for 15 minutes resulting in overall fluence of 0, 22.5, 45, and 

90 J/cm2 of energy. A fiberoptic cable, which narrowly directed the light beam to the thigh, 

was utilized for light delivery. The fluence range was determined by previous performed 

studies (5,12). The distance between the light source and the skin was 1 inch. Doppler 

perfusion of the plantar foot was assessed within anatomically defined regions of interest, 

consisting of the hind paw margins. The change in Doppler Intensity Units pre- and post-

red-light treatment was first determined in each paw. The difference between the red light 

treated paw and the control paw was then determined.

Pressure myography to assess vasodilation

Segments of facialis arteries (160–260 μm ID) from C57Bl6/J mice were transferred to a 

water-jacketed perfusion chamber and cannulated with two glass micropipettes (tip diameter 

≈30 μm) at their in-situ length. The arteries were bathed in the PSS-equilibrated solution 

maintained at pH 7.4 and 37 °C. The micropipettes were connected to a reservoir filled with 

physiological saline solution and the arteries were pressurized to 60 mmHg. The internal 

diameter of the arteries was measured with a video system composed of a stereomicroscope 

(Olympus CK 40), a charge-coupled device camera (Panasonic GP-MF 602), a video 

monitor (Panasonic WV-BM 1410), and a video measuring apparatus (Boeckeler VIA-100).

After a 1-hour equilibration period, the arteries were pre-constricted by ∼50% of their 

resting diameter with a thromboxane A2 analog, U-46619. To test the ability of U46619 to 

achieve stable blood vessel diameters through the end of a 30 min period, we measured 

diameters in a separate group up to 45 min after steady state. Diameters did not change 

during this test period. The blood vessels were placed in the dark and once steady-state 

contraction was obtained, they were treated with 10 mW/cm2 of 670 nm light (NIR 

Technologies, Waukesha, WI) for 10 minutes. Control samples were treated in the same way 

as above but remained in the dark for 10 minutes instead of being treated with 670 nm light. 

For stability experiments, the bath was removed and kept at 37°C for 30 minutes. It was then 

placed on a second naïve vessel.

Exosome tracking

The bath was removed and centrifuged at 2,000 g for 10 minutes at 4°C. The supernatant 

was then spun again in an ultracentrifuge at 55,000 g for 1 hour at 4°C. The remaining pellet 

was resuspended in 500 μL of PBS. Exosomes were counted and sized by Nanoparticle 

Tracking Analysis (NanoSight NS300, Malvern Instruments Ltd. Malvern, UK).
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Cell culture

Bovine Aortic Endothelial Cells (BAECs) (Cell Applications Inc., San Diego, California) 

were cultured under standard conditions using media containing RPMI (ThermoFisher; 

Waltham, MA), 20% FBS (ATCC; Manassas, VA), 2 mM L-Glutamine, and 0.5% Pen/Strep. 

All plates and slides were treated with 2% gelatin prior to seeding. All experiments were 

performed using passages P5–P9. Cells were plated on 100 mm TPP cell culture dishes 

(Midwest Scientific, Valley Park, MO) and 4 chamber cell culture slides (CELLTREAT 

Scientific Products, Pepperell, MA).

Immunofluorescence

Immunofluorescence was performed on BAECs and extracellular vesicles harvested from 

the vessel bath. We compared 670nm irradiation to a no light control. Cultured cells were 

irradiated in media at 670 nm, 6 J/cm2. Resuspended extracellular vesicle pellets of vessel 

bath fluid were mounted to slides using Cytospin centrifugation. Cytospin was performed at 

4°C, for 5 minutes at 5000 g. Slides and Cytospin were post-fixed in 4% PFA. Cells were 

permeabilized in 0.5% Triton X for 5 minutes at room temperature. Samples were incubated 

with the primary antibodies for SNO-cys (1:75 dilution), CD63 (1:50 dilution) and von 

Willebrand Factor (vWF,1:50) at 37°C for 30 minutes. After a series of washes with 

phosphate buffered saline, samples were stained with the according Alexa 488 conjugated 

secondary antibodies (either anti mouse or rabbit IgG, 1:1000 dilution, SCBT, Santa Cruz, 

CA). DAPI (1:1000 dilution) was used for nuclear staining of cells. To visualize intra and 

extracellular vesicles FM5–95 (1:50 dilution) was applied for 5 minutes at room 

temperature. Slides were mounted with Shur/Mount medium (Triangle Biomedical Sciences, 

Durham, NC) and cover slipped. Omitting the secondary antibody served as the negative 

control. Images were captured and quantified with a fluorescent Nikon Eclipse Ti2 

microscope using NIKON Element software. For analysis, the pixel intensity of each cell or 

extracellular vesicle cluster were determined after compensating for background 

fluorescence by thresholding on minimal fluorescence. The threshold was maintained the 

same for each antibody labeling throughout experimental repetitions to minimize variability.

Ozone-based chemiluminescence

Cellular RSNO was detected with NO analyzer (Sievers Model 280i) in a reducing medium 

prepared daily from KI and I2 in glacial acetic acid and double distilled water. BAECs were 

lysed in 50 mM potassium phosphate/1 mM diethylenetriamine pentaacetic acid and 50 mM 

N-ethylmaleimide. Nitrite was removed from the samples with sulfanilamide (100 mM in 2 

N HCl, 10% vol/vol). RSNO was quantified based on the detector response for known 

amounts of S-nitrosoglutathione.

Statistics

A Student’s one-tailed t-test was used for statistics, and p ≤ 0.05 was considered statistically 

significant, and all data are reported as mean ± standard error (SE) unless otherwise 

indicated.
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Results

670 nm light vasodilation occurs in vivo and is physiologically stable

Previously we observed 670 nm energy mediates a NO-dependent, but eNOS independent 

dilation of ex vivo murine facial arteries and cannot be attributed to heat from the applied 

red-light source (5–8). Although red light’s actions have been described in vivo with respect 

to collateral growth and ischemic preconditioning (12, 8), in vivo vasodilation has not been 

tested. Here we found a significant increase in paw blood flow (Figure 1A) after 22.5 J of 

670 nm treatment to the thigh (180.1 VIU ± SD 38.7) vs. control (27.9 VIU ± SD17.8, 

p<.005). Also noted, the increases in blood flow were irrespective of total fluence, with 

saturation achieved at 22.5 J. These findings support the hypothesis that light energy can 

penetrate the skin to produce significant increases in blood flow.

We previously described light’s mechanism of vasodilation to require an intact endothelium 

and results in the production of a vasodilator substance released into the vessel bath. The 

vasodilator exhibited characteristics of S-nitrosothiols as the vasodilation can be modulated 

by RSNO reducing agent ascorbate (8). Furthermore, the 670 nm light produces enough 

energy to cleave the S-N bond of RSNO liberating nitric oxide. Recognizing the cleavage of 

the S-N bond is relatively fast (7), we tested the overall stability of the vasodilator substance 

contained within the bath solution and its ability to stimulate further vasodilation. We 

exposed murine facial arteries to 670 nm light under previously published conditions and as 

expected light stimulated vasodilation (Figure 1B). After light exposure, the vessel bath was 

maintained at 37°C for 30 minutes before adding the treated bath solution to an unexposed 

vessel. The unexposed vessel significantly dilated in the treated bath solution, suggesting the 

vasodilator produced from red light treatment was viable for prolonged periods at 

physiological temperatures.

Bath solution from 670 nm light treated vessels contains stable quantities of extracellular 
vesicles

The observed stability of the vasodilator in the bath solution suggested the NO precursor 

was protected from degradation and led to consideration of extracellular vesicles as a 

potential mechanism. Initial characterization of particle concentration and size was 

performed on the bath solution obtained after red light treatment of vessels (13). Figure 2A 

shows that the particle concentration increased from 4×107 to 2×108 particle/ml after light 

exposure (n=3). The mean particle size was unchanged between the populations and 

measured 300 nm with a wide range distribution varying from 50 to 700 nm (Figure S1). 

These results suggested more abundant presence of extracellular vesicles within the bath 

after red light treatment. Therefore, initial characterization of these particles was performed 

using markers to identify its cellular origin. There was a significant increase after red light 

treatment vs control in fluorescence intensity of lipid membrane marker lipophilic styryl FM 

5–95 (17.25 vs 1.5), and endothelial marker vWF (6.75 vs 1.25) as well as colocalization of 

both markers (2.75 vs 1), p<0.05. (Figure 2B).
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S-nitrosothiols are present in extracellular vesicles collected from bath solution of 670 nm 
light treated vessels

Since previous work identified increases in RSNO levels within the bath solution after 670 

nm light treatment, it was important to identify whether RSNO was present in the vesicular 

fraction of the bath. Immunofluorescence imaging using an anti-S-nitrosocysteine antibody 

was performed on the vesicular fraction of the bath collected from irradiated and unexposed 

control vessels. An additional control group where the bath was treated with HgCl2 prior to 

immunofluorescence was performed to deplete RSNO, thereby verifying the specificity of 

the anti-S-nitrosocysteine signal. In Figure 3A, immunofluorescent imaging of the control 

bath solution indicates a measurable background fluorescence which is unaltered by HgCl2 

treatment. However, there is a significant increase in S-nitrosocysteine fluorescence (RSNO) 

in the red light treated group (50.23 vs 45.72, p<0.05) which can be reduced with HgCl2 

(44.62, p<0.02), suggesting RSNO is present. Moreover, when merged with the membrane 

marker FM-595 (red), Figure 3A shows an overlapping pattern suggesting the RSNO is 

present within a membrane vesicle.

Since the prevailing hypothesis is red light irradiation releases RSNO from endothelial cells, 

the expectation would be a concomitant decrease in intracellular RSNO after red light 

treatment. To test whether red light depletes cellular RSNO levels, S-nitrosocysteine 

immunofluorescence was tested in cultured endothelial cells (BAEC). Quantification of 

extracellular RSNO after red light treatment in BAEC was performed and indicated a 

significant fraction was present. Figure 3B indicates lower RSNO levels (green 

fluorescence) remained inside the cells after red light exposure (93.48 vs 136.9, p<0.002). 

The decrease of S-nitroso protein quantity in 670 nm light treated cells may be partially due 

to RSNO decomposition besides exocytosis. Mercuric chloride was applied as specificity 

control for RSNO (decrease to 65.24, p<0.005). Figure 3C indicates a significant increase in 

RSNO was detected in the HBSS buffer after red light treatment (1.1±0.2 nM) when 

compared to the unexposed control (0.62±0.13 nM, p<0.05).

The late endosomal marker, CD63, is increased with red light exposure

Since extracellular vesicles are identified within the bath after red light exposure, it was 

necessary to examine the trafficking patterns of intracellular vesicles as a potential 

mechanism for these observations. We examined the late endosomal marker, CD63, and FM 

5–95 dye which binds to lipid containing structures including vesicles. There was a 

significant increase in CD63 fluorescence in the extracellular vesicles in bath collected from 

670 nm light treated vessels (55.98 vs 44.93, p<0.05) (Figure 4A–B). In a cellular model 

(Figure 4C–D), evaluation of the intracellular staining patterns indicated FM 5–95 staining 

in control cells exhibits a perinuclear pattern with granular staining in the cytosol, and loss 

of the cytosolic staining with red light treatment (Figure 4C). Under control conditions, the 

CD63 staining is punctate and homogenous throughout the cell. With 670nm light treatment, 

there is an increased intensity of CD63 fluorescence (57.04 vs 51.61, p<0.05) (Figure 4D) 

and a shift in the pattern toward perinuclear localization. The merged panels accentuate the 

loss of cytosolic FM 5–95 staining in the red light treated cells. These findings suggest that 

670 nm light can alter intracellular vesicle traffic at an early timepoint and is consistent with 

observations that vesicles are present at early timepoints after 670 nm light exposure.
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Discussion

Previously we established endothelial RSNO regulates the red light’s vasodilatory effect and 

depletion of RSNO by ascorbate attenuated the dilation (8). The present findings expand the 

current knowledge regarding red light mediated effects on the vasculature by suggesting 

intracellular RSNO is embedded in extracellular vesicles released by the endothelium. First, 

the vasodilator produced by R/NIR remains effective for at least 30 minutes after it is 

released from the endothelium and before it is added to a naïve vessel (Figure 1). This 

observed chemical stability extends our previous observations and led us to suggest it may 

be protected from degradation by encapsulation in an extracellular vesicle (6). Second, an 

elevated concentration of extracellular vesicles (mean diameter of 300 nm) can be detected 

in bath fluid of murine facial arteries subjected to red light induced dilation than before 

irradiation (Figure 2). Third, more S-nitroso protein can be measured in such bath compared 

to ambient light control (Figure 3A), with a compensatory reduction in the intracellular S-

nitroso protein content (Figure 3B). Finally, markers for endothelial derived vesicles (vWF, 

CD63) are increased in the bath after red light treatment and co-localize with the sterol 

marker FM 5–95 (Figure 4).

Photoactivated vasodilation with NO participation holds a long history, however, the early 

observations were reduced to the action of polychromatic light or typically focused to the 

UV region (14, 15). Lately, the UV light-controlled modulation of NO stores in the skin has 

been studied and found to be RSNO-dependent (16–18). However, clinical applicability of 

NO generation by UV wavelengths is limited by the potentially deleterious effects of DNA 

mutagenesis (18,19). Therefore, the beneficial effects of longer wavelengths have gained 

appreciation (20) and been investigated (1). Although both short and long wavelengths 

induce NO dependent but eNOS independent vasorelaxation (21, 6, 8), the mechanisms 

driving the process are quite different. While electromagnetic energy in the UV range 

directly cleaves nitrite to NO, the photon energy of red light is insufficient for such 

photochemistry thus the mechanism is more complex including the photolysis of iron-

nitrosyl heme proteins, S-nitrosothiols, and dinitrosyl iron complexes. The degree of 

complexity is further elevated by the transferrable nature of light induced vasodilation. More 

interesting is the perceived stability of the 670 nm light mediated bath to induce vasodilation 

in a light naïve vessel after a 30 min incubation at physiological temperature. To date there is 

limited evidence supporting red light mediated exocytosis of vasodilators. Blue and green 

light is reported to induce exocytosis of dividing cells by directly stimulating Opsin 3/4, but 

this pathway targets cGMP without NO or redox mediation, and Opsin does not possess 

vasoreactivity in a 620–750 nm spectral range (22–24). This is the first account of 670 nm 

light facilitating exocytosis, thus acting in a dualistic way by releasing NO from RSNO (7) 

and facilitating RSNO discharge from the endothelium prolonging the vasodilatory 

propensity (6, 8). Our results are aligned with previous hypotheses related to the concept of 

RSNO and NO mediated stores within the endothelium. It was Ignarro (25) who 

hypothesized the acidic environment of the lysosome would stabilize RSNO. Moreover, it 

was shown that L-NAME treated animals exhibit use-dependent loss of vasodilation with 

repetitive stimulation by acetylcholine and bradykinin, which suggests the presence of 

preformed NO pools exist within the endothelium (26).
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Our studies are an initial characterization of 670 nm light generated extracellular vesicles 

according to their origin and composition using cultured BAECs as a model. Here we 

propose that 670 nm light induces endothelial formation of RSNO containing vesicles 

followed by exocytosis. Extracellular vesicles are cell derived membranous compartments 

with complex and variable composition and can be internalized by cells or docked on the 

surface, thus being capable to trigger various signaling events. They are classified by size 

with overlaps between groups: exosomes (30–150 nm), nanovesicles (30–100 nm), 

microvesicles (100–1000 nm), and apoptotic bodies (500–3000 nm) (9, 14, 27). Particle 

analysis of the bath solution using Nanosight yielded a mean diameter of 300 nm, which 

would favor microvesicles, however there was a significant distribution of particles (50–700 

nm) reflecting the heterogenous nature of the bath. In these initial studies, direct 

visualization of the particles revealed some clumping which may increase the observed 

mean diameters. Given the heterogeneity of the samples we sought to further specify the 

cellular origin of the vesicles by using endothelial markers and common trafficking 

pathways.

Endocytic vesicles form by involution of the plasma membrane and are directed into the 

cytosol. Their material after being recycled in the lysosome exits the cell (28). Early phases 

of endocytosis can be studied using FM dyes (29), therefore we used them to characterize 

early actions of red light on vesicle transport. 670 nm light treatment redistributed vesicle 

staining patterns away from the cytosol and favoring the perinuclear region of the cell. We 

cannot exclude this loss of cytosolic staining is due to exocytosis. One well characterized 

pathway for vesicular trafficking through the plasma membrane utilizes the tetraspanin 

protein, CD63 (30–32). Significant increases of late endosome and lysosome associated 

membrane protein CD63 expression was detected in irradiated cells and vessel treated bath 

when compared to controls (Figures 4B & D).

It is important to recognize and discuss the limitations of this study. The results are 

descriptive due to the limited sample collected from the microvessel bath. The collection of 

extracellular vesicles occurs from the abluminal side, which prevents direct identification of 

the vessel endothelium as the source. Previously we have shown the transference of the 

vasodilator requires the endothelium, as bath transfer experiments performed with denuded 

vessels do not elicit vasodilation (6). Finally, the issue of light generating heat as a 

confounder, however, we have previously demonstrated that the heat from the LED light 

source per se did not cause meaningful vasodilation (7).

In conclusion, we suggest an overall mechanism of the red light-initiated exocytosis of 

vasodilatory substances from the endothelium (Figure 5). Red light (670 nm) facilitates 

endocytosis and NO release from cytosolic RSNO (7). Vesicles containing abundant RSNO 

and NO exit the endothelium and elicit relaxation of smooth muscle cells with a concerted 

action of those two species supporting that RSNO mediated vasodilation may need RSNO 

independent NO as recently reported (33). Detailed examination of specific pathways, 

investigation of other key participants in endocytosis and exocytosis, and fine tuning the 

proposed mechanism are subject of current investigations.
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Abbreviation

eNOS endothelial nitric oxide synthase

EV extracellular vesicle

HbNO nitrosyl hemoglobin

MbNO nitrosyl myoglobin

DNIC dinitrosyl iron complexes

RSNO S-nitrosothiols

PBS phosphate buffer saline

HBSS Hank’s Balanced Salt Solution

BAECs Bovine Aortic Endothelial Cells

oxyHb oxyhemoglobin

SE standard error
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Highlights

• Red light (670 nm) generates a stable vasodilator from arteries.

• Endothelial derived extracellular vesicles increase after light treatment.

• S-Nitrosothiols increase within endothelial derived vesicles after light 

treatment.
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Figure 1. Vasodilatory effect of red light.
A: Laser doppler measurement of blood flow in hind limb of C57BI/6 mice. 670 nm light 

was applied at increasing intensities (25, 50, 100 mW/cm2) for 15 min. The flow was 

measured as a difference between the irradiated limb and the other (control) limb of each 

animal. Upper: Representative image. Lower: Quantification. Values are mean±SE, 

*p<0.005, **p<0.001 vs. Control B: Red light induces exertion of stable vasodilatory agent 

from pre-constricted murine facialis arteries. Red light (670 nm, 6 J/cm2) induced dilation of 

primary blood vessel as measured by pressure myography. The bath buffer was collected, 

and after 30 min transferred to dilate a second naïve vessel..
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Figure 2. Red light induced exocytosis from pre-constricted murine facialis arteries.
Red light (670 nm, 6 J/cm2) induced dilation of blood vessel measured by pressure 

myography. The bath buffer was collected, centrifuged, and pelleted. (A): Extracellular 

vesicles in the reconstructed pellet were characterized using NanoSight particle tracking 

analyzer. (B): Endothelial origin was characterized by vesicle marker FM 5–95 and its co-

localization with endothelial marker vWF. Values are mean±SE, *p<0.05 vs. Control.
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Figure 3. Red light mediated S-nitrosoprotein release from blood vessels and from BAECs.
(A) Red light (670 nm, 6 J/cm2) induced dilation of blood vessel. The bath buffer was 

collected, centrifuged, pelleted. S-nitrosoprotein formation was detected with anti-S-

nitrosocysteine antibody (green), and its co-localization with FM 5–95 membrane marker 

dye (red) was recognized. *p<0.05 vs. Control, #p<0.02 vs. Light. (B): BAECs were exposed 

to light (670 nm, 6 J/cm2) and S-nitrosoprotein formation was detected with anti-S-

nitrosocysteine antibody (green). DAPI staining marks the nuclei (blue). *p<0.002 vs. 

Control, #p<0.005 vs. Light. Mercuric chloride was applied as specificity control for RSNO. 

(C): BAECs were irradiated in HBSS (670 nm, 6 J/cm2), and medium were collected. Up: 

Representative chemiluminescence trace. Down: Quantification with S-nitrosoglutathione 
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standard. RSNO level increase in light treated sample was significant compared to HBSS 

control (&p<0.02) and ambient light control ($p<0.05). Values are mean±SE.
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Figure 4. Red light effect on vesicle trafficking.
(A,B): Red light (670 nm, 6 J/cm2) induced dilation of blood vessel, and the bath buffer was 

collected, centrifuged, and pelleted. Increase of late endosomal marker CD 63 (green), and 

its co-localization with FM 5–95 membrane marker (red) were recognized. (C, D): BAECs 

were exposed to light (670 nm, 6 J/cm2). Vesicle formation was detected with 

immunofluorescence. Green: antibody of CD 63 endosome marker; red: FM 5–95; 

membrane marker dye. Blue: nucleus DAPI staining. Values are mean±SE, *p<0.05.
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Figure 5. Mechanism of red light mediated exocytosis leading to vasodilation.
Red light (670 nm) triggers endosome formation and subsequent exocytosis. The light also 

induces NO release from cytosolic RSNO. Protein RSNO and NO accumulate in vesicles 

which exit the endothelium and elicit dilation of smooth muscle cells.
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