
HAL Id: hal-04453742
https://hal.science/hal-04453742v1

Submitted on 13 Feb 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

The immunosuppressant drug Cyclosporin A aggravates
irradiation effects in endothelial cells

François-Xavier Boittin, Kathia Beddek, Hélène Thery, Jérome Pateux, Guillaume
Cosler, Diane Riccobono, Michel Drouet, Régis Bobe

To cite this version:
François-Xavier Boittin, Kathia Beddek, Hélène Thery, Jérome Pateux, Guillaume Cosler, et al.. The im-
munosuppressant drug Cyclosporin A aggravates irradiation effects in endothelial cells. Biochemical and
Biophysical Research Communications, 2022, 602, pp.127-134. ⟨10.1016/j.bbrc.2022.02.096⟩. ⟨hal-04453742⟩

https://hal.science/hal-04453742v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


1 
 

The immunosuppressant drug cyclosporin A aggravates 

irradiation effects in endothelial cells 

 

François-Xavier Boittin
a*, Kathia Beddek

b
, Hélène Thery

a
, Jérome Pateux

a
, Guillaume Cosler

a
, Diane 

Riccobono
a
, Michel Drouet

a
, Régis Bobe

b 

 

a
Département Effets Biologiques des Rayonnements, unité de Radiobiologie, IRBA (Institut de 

Recherche Biomédicale des Armées), Brétigny-sur-Orge, France 

b
INSERM unité mixte de Recherche-Santé 1176, université Paris-Saclay, Le Kremlin-Bicêtre, France. 

 

 

 

 

*Corresponding author 

F-X. Boittin, Département Effets Biologiques des Rayonnements, unité de Radiobiologie, IRBA 

(Institut de Recherche Biomédicale des Armées), Place du Général Valérie André, 91223 Brétigny-

sur-Orge, France (e-mail : francois-xavier.boittin@orange.fr) 

 

Keywords 

Cyclosporine A, endothelial cells, ICAM-1, apoptosis, VE-Cadherin, actin cytoskeleton. 

 

Highlights 

- CsA induces ICAM-1 overexpression through Toll-Like Receptor 4 (TLR4)-dependent NF-κb 

activation 

-CsA triggers apoptosis and rearrangement of the cytoskeleton and adherens junctions composed of 

VE-cadherin    

- CsA aggravates irradiation-induced ICAM-1 overexpression, apoptosis, and rearrangement of the 

cytoskeleton and adherens junctions 
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Abstract 

The immunosuppressant drug Cyclosporin A (CsA) has been widely used to prevent the 

development of Graft-versus-host-disease (GvHD) that can occur after transplantation, 

including allogeneic graft after accidental high-dose irradiation in humans. Here, we show 

that CsA alone stimulates ICAM-1 overexpression in human pulmonary microvascular 

endothelial cells (HPMECs) through Toll Like Receptor 4 (TLR4) and NF-κB activation. In 

HPMECs, CsA treatment significantly worsened the overexpression of ICAM-1 induced by 

high-dose irradiation (15 Gy). This additive effect of CsA was also observed when ICAM-1 

overexpression was induced by another pathway (Ca
2+

 entry) in macrovascular endothelial 

cells. In addition, CsA triggered apoptosis as well as rearrangement of the actin cytoskeleton 

and adherens junctions (VE-Cadherin) in microvascular endothelial monolayers. High dose 

irradiation triggered similar deleterious effects in endothelial monolayers and, again, CsA 

treatment strongly aggravated the effects of irradiation. Altogether, these results suggest that 

post-transplant CsA treatment may exacerbate the deleterious effects of irradiation on the 

endothelium. 
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Introduction 

In the event of a nuclear accident, people may be exposed to high doses of irradiation, which 

can rapidly lead to a complete loss of white blood cells. Emergency treatments of this 

irradiation-induced haematopoietic syndrome include cytokines and growth factors, which 

may be efficient in the case of residual haematopoiesis, but bone marrow/haematopoietic stem 

cell transplantation may be necessary to allow recovery of haematopoiesis [7]. In case of 

allogeneic bone marrow/haematopoietic stem cell transplantation, immunosuppressive 

therapy is required to prevent graft-versus-host disease (GvHD)[5]. Among the available 

immunosuppressants, cyclosporin A (CsA, a calcineurin inhibitor) has been widely used in 

both experimental and clinical conditions to inhibit the release of pro-inflammatory cytokines, 

lymphocyte activation and proliferation, and development of GvHD [1;16]. In case of 

irradiation, CsA has also been used to prevent GvHD after haematopoietic stem cell 

transplantation [9;17].  

However, in addition to its ability to prevent GvHD, CsA can induce endothelial dysfunction 

through multiple pathways including increased membrane expression of adhesion molecules 

and destabilisation of inter-endothelial junctions made of VE-Cadherin [4;13;14;21;22].  

In addition to the haematopoietic syndrome, high dose irradiation is also known to induce 

endothelial dysfunction, including increased expression of adhesion molecules on the 

endothelial cell membrane (ICAM-1, V-CAM-1, P- and E-selectin), destabilisation of inter-

endothelial junctions and endothelial cell apoptosis [11;15;19;20;25]. All of these effects of 

irradiation promote white blood cell migration into tissues, inflammation, development of 

oedema and can ultimately lead to hypoxia, alteration of tissues and organ failure [10;26].  

As mentioned earlier, the deleterious vascular effects of CsA have been documented, but its 

effects on high-dose irradiated endothelial cells remain to be tested. 



4 
 

Here, we investigated the effect of CsA treatment on cultured human pulmonary 

microvascular endothelial cells (HPMECs) irradiated at high-dose. CsA alone triggered 

ICAM-1 overexpression through TLR4 and NF-κB activation, apoptosis and alterations of the 

actin cytoskeleton and VE-Cadherin adherens junctions in endothelial cells. We then show 

that CsA significantly exacerbates all the deleterious effects of irradiation on endothelial cells, 

including overexpression of membrane ICAM-1, apoptosis and rearrangement of the actin 

cytoskeleton and adherens junctions. Therefore, our results suggest that the use of an 

alternative immunosuppressant may be preferable after irradiation at high dose. 
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Materials and methods 

Material 

The immunosuppressive drug Cyclosporin A (CsA), the Toll-Like Receptor 4 (TLR4) 

inhibitors (M62812 and Tak242) and the NF-κB inhibitor BAY11-7085 were purchased from 

Tocris (Bristol, UK), while the TRPV4 agonist GSK1016790A was from Abcam (Cambridge, 

UK). The FITC-conjugated mouse anti-VE-Cadherin (CD144) antibody (clone 55-7H1, cat n° 

580411) was from BD Pharmingen while Phalloidin 547 (FP-AZ0330) was from FluoProbes, 

Interchim, (Montluçon, France). DAPI Fluoromount-G
TM 

mounting medium (cat n° 0100-20) 

was obtained from Southern biotech (Birmingham, AL 35209, USA). For flow cytometry 

analysis, all antibodies (BB515 mouse anti-human CD54 (ICAM-1, cat n° 564685), BUV737 

mouse anti-human CD106 (VCAM-1, cat n° 565418), PE mouse anti-human CD62P (P-

Selectin, cat n° 555524), APC mouse anti-human CD62E (E-Selectin, cat n° 551144)) and the 

FITC Annexin V/Propidium Iodide apoptosis detection kit were purchased from BD 

Biosciences.  

Culture, irradiation and treatments of endothelial cells 

Human pulmonary microvascular endothelial (HPMECs (Promocell, Switzerland)) were 

cultured in T25 flasks, 6-well plates (for cytometry measurements) or in 8-chamber Lab-Tek 

slides (for immunostainings) coated with attachment factor (Gibco). HPMECs were allowed 

to grow and reach confluence in endothelial cell growth medium MV2 (Promocell, 

Switzerland) containing endothelial cell growth medium supplement MV2 (Promocell, 

Switzerland) and Gentamicin/amphotericin (Gibco).  

Human umbilical vein endothelial cells (HUVECs, Gibco) were also allowed to grow and 

reach confluence in T25 flasks or 6-well plates (for cytometry measurements) coated with 
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attachment factor (Gibco). Medium 200 containing low serum growth supplement and 

Gentamicin/amphotericin (Gibco) was used to cultivate HUVECs. For both HPMECs and 

HUVECs, cells from passage 3 to 6 were used in experiments. 

Confluent HPMECs were irradiated at 15 Gy (dose-rate of 0,68 Gy/min) using an X-irradiator 

(SARRP (Xstrahl, UK). High accuracy dosimetry was performed using small pieces of 

Gafchromic paper, as previously described [6].  

In some experiments, HPMECs were treated with CsA 24 h after being irradiated, as indicated 

in the figures. In experiments from Fig. 1 and 2C, HPMECs were treated with CsA for 24 h 

before measurements, while TLR4 or NF-κB inhibitors were added 10 min before treatment 

with CsA. 

Immunostaining 

HPMECs cultured in 8-chamber Lab-Tek slides were washed with DPBS, fixed with 

paraformaldehyde 2 % for 15 min and permeabilized with Triton X-100 (0.2 %) for 3 min at 

room temperature. Before being stained, HPMECs were incubated with 5 % bovine serum 

albumin in DPBS for 1 h at room temperature, in order to prevent non-specific labelling. 

HPMECs were then stained with FITC-conjugated mouse anti-CD144 (VE-Cadherin) 

antibody (1:5) and Phalloidin 547 (1:250) for 45 min at room temperature [3]. After extensive 

washing, coverslips were mounted on glass slides using DAPI Fluoromount-G
TM

. An 

OLYMPUS IX2-SLP microscope equipped with a Hamamatsu Orca-Flash4.0 V2 camera and 

NIS Elements Nikon software (version 4.51.00) was used to acquire images. All acquisition 

parameters were kept the same for all conditions in each experiment (laser power, exposition 

time).  

Apoptosis assay 
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As described before, a FITC Annexin V/Propidium Iodide apoptosis detection kit (BD 

Biosciences) was used to measure apoptosis and necrosis in HPMECs [3]. Cells cultured in 6-

well plates were detached and washed twice with cold PBS. HPMECs were then resuspended 

in binding buffer (100 μl) and incubated with 5 μl FITC Annexin V and 5 μl Propidium Iodide 

(PI) for 15 min at 20 °C in the dark. After further addition of binding buffer, apoptosis of 

HPMECs was rapidly analysed by flow cytometry using a Becton Dickinson LSR II 

cytometer. FlowJo software was used to perform analysis, enabling to calculate the % of 

apoptotic cells (PI+, FITC Annexin V+).  

Measurements of endothelial cell surface expression of adhesion molecules 

Membrane expression of adhesion molecules (ICAM-1, VCAM-1, P-selectin and E-selectin). 

was measured by flow cytometry for HPMECs and HUVECs, as described previously [3]. 

Briefly, cells cultured in 6-well plates, were detached, washed and fixed with PBS containing 

1 % paraformaldehyde. Cells were then washed and stained (30 min) with a four colours 

antibody panel composed of BB515 mouse anti-human CD54 (ICAM-1), BUV737 mouse 

anti-human CD106 (VCAM-1), PE mouse anti human CD62P (P-selectin) and APC mouse 

anti-human CD62E (E-selectin). After extensive washing with PBS, cell staining was 

analysed by flow cytometry using a Becton Dickinson LSR II cytometer. An anti-Mouse Ig, 

κ/Negative control compensation particles set (BD Biosciences) was used to set 

compensations in each experiment. FlowJo software was used to analyse all data, using 

Median Fluorescence Intensity (MFI) values to compare cell surface expression of ICAM-1, 

P-selectin, E-selectin and VCAM-1 in control and after cell irradiation/treatment. 

Statistical analysis 

Data are expressed as means +/- SEM. Statistical significance was evaluated with ANOVA 

tests, using GraphPad Prism software (San Diego, CA).  
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Results  

Cyclosporin A increases the membrane expression level of ICAM-1 in human 

pulmonary microvascular endothelial cells.  

Confluent HPMECs were incubated for 24 h with CsA (1, 10 and 30 µM). After 24 h of 

incubation, cells were detached, fixed and membrane expression levels of adhesion molecules 

(ICAM-1, VCAM-1, E-selectin, P-selectin) were measured by flow cytometry. The 

membrane expression level of ICAM-1 was significantly increased after 24 h of CsA 

exposure at concentrations ≥ 10 µM, as indicated by significant increases in ICAM-1 MFI 

(Fig. 1A). In contrast, the membrane expression levels of other adhesion molecules (VCAM-

1, P-selectin and E-selectin) remained unchanged after 24 h of incubation with CsA, even at 

the highest concentration tested (Fig. 1A).   

ICAM-1 gene expression is mainly controlled by the transcription factor NF-κB [27]. To 

investigate whether the CsA-induced increase in ICAM-1 membrane expression is indeed 

related to NF-κB activation, we tested the effect of BAY11-7085, a potent inhibitor of NF-κB 

activity [12]. As shown in Fig. 1B, pre-incubation of HPMECs with BAY11-7085 (10 µM) 

abolished the effect of CsA on ICAM-1 membrane expression, indicating that it relies on NF-

κB activation. Moreover, pre-treatment of HPMECs with the potent Toll-Like Receptor 4 

(TLR4) inhibitors M62812 or Tak242 significantly reduced CsA-induced ICAM-1 

overexpression, suggesting that the CsA-induced NF-κB activation may be achieved through 

TLR4 activation by CsA (Fig. 1B) [18;23]. 

Cyclosporin A aggravates irradiation-induced overexpression of membrane ICAM-1 in 

pulmonary microvascular endothelial cells 
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HPMECs were irradiated at high dose (15 Gy, X-irradiation) and CsA was added to the cell 

culture medium 24 h after irradiation. Measurements were then performed 48 h after 

irradiation. The results in the Fig. 2A indicate that irradiation induced overexpression of 

ICAM-1, and also that the addition of CsA (at concentrations ≥ 10 µM) to irradiated HPMECs 

triggered a significant increase in ICAM-1 expression compared to cells that had only been 

irradiated (Fig. 2A). In contrast, the plasma membrane expression of the other adhesion 

molecules investigated (E- and P-selectin, VCAM-1) was not significantly affected by 

irradiation or CsA (Fig. 2A). These experiments therefore suggest that the enhanced increase 

in ICAM-1 membrane expression observed in irradiated HPMECs exposed to CsA relies on 

the additive effects of CsA and irradiation.  

Cyclosporin A increases the membrane ICAM-1 overexpression induced by cytosolic 

Ca
2+

 increases related to Ca
2+

 entry through TRP channels in macrovascular endothelial 

cells 

As shown for HPMECs, only the membrane expression level of ICAM-1 was significantly 

increased in macrovascular endothelial cells (HUVECs) after 24 h exposure to CSA at 

concentrations ≥ 10 µM (Fig. 2B). We have recently shown that Ca
2+

 entry through Transient 

Receptor Vanilloid 4 channels (TRPV4) significantly increased the membrane expression 

level of ICAM-1 in macrovascular endothelial cells [3]. Here, preincubation of HUVECs with 

30 nM GSK1016790A (a potent TRPV4 agonist [3]) induced an ICAM-1 overexpression that 

was significantly increased in the presence of CSA at concentrations ≥ 10 µM (Fig. 2B). 

These results indicate that an additive effect of CsA and the TRP channel agonist 

(GSK1016790A) is involved in ICAM-1 overexpression. 

Cyclosporin A induces apoptosis in microvascular endothelial cells  
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HPMECs were incubated with CsA alone (1, 10 and 30 µM) and apoptosis was evaluated 24 

h after CsA addition, using a FITC Annexin V/Propidium Iodide apoptosis detection kit. Even 

at the lowest concentration tested (1 µM), CsA triggered significant apoptosis in HPMEC 

monolayers (Fig. 3A and B). In contrast to what was observed for ICAM-1 overexpression, 

CsA-induced apoptosis was not inhibited by blocking TLR4 receptors with M62812 or 

Tak242 (Fig. 3C) [18;23]. Apoptosis was even significantly higher with M62812 treatment, 

suggesting that TLR4 blockade may promote apoptosis in HPMECs (Fig. 3C). 

Cyclosporin A aggravates irradiation-induced apoptosis in microvascular endothelial 

cells  

High-dose irradiation (15 Gy) triggered significant apoptosis of HPMECs when measured 72 

h after irradiation, as indicated by the significant increases in the apoptotic cell fraction (Fig 

3D). When a low CsA concentration (1 µM) was added 24 h after irradiation, we observed a 

significant increase of the apoptotic fraction of HPMECs (Fig. 3D). Therefore, even low 

concentrations of CsA aggravate irradiation-induced apoptosis of HPMECs.  

Effects of Cyclosporin A and irradiation on the cytoskeleton and adherens junctions in 

HPMECs 

To investigate the effects of CsA and irradiation on the actin cytoskeleton and adherens 

junction in HPMECs, cells were stained with Phalloidin and anti-VE-Cadherin antibody. 

While actin appeared to be predominantly localised near the plasma membrane in control 

cells, high concentrations of CsA (10 and 30 µM) induced an obvious rearrangement of the 

cytoskeleton, with a marked increase of peripheral intracellular F-Actin associated with the 

formation of Phalloidin-stained F-Actin stress fibres (Fig. 4). In addition, VE-Cadherin 

staining at plasma membrane appeared more winding after exposure of HPMECs to high 
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concentrations of CsA (30 µM), indicating a rearrangement of plasma membrane VE-

Cadherin (Fig. 4).  

High-dose irradiation (15 Gy) also triggered a rearrangement of the actin cytoskeleton with 

the formation of stress fibres, as high intensity F-Actin staining was more frequently observed 

near the plasma membrane and in the cell cytosol. However, in contrast to CsA treatment, no 

obvious alteration of VE-Cadherin staining was observed after irradiation with this protocol.  

In HMPECs irradiated at 15 Gy and exposed to CsA, the formation of actin stress fibres and a 

VE-Cadherin rearrangement were observed, but these effects were enhanced when compared 

to cells exposed to CsA alone (Fig. 4). Indeed, even for the lowest CsA concentration tested 

(1 µM), the formation of actin stress fibres was increased in irradiated cells. Moreover, 

extensive intercellular gaps were highly visible in HMPECs irradiated at 15 Gy and exposed 

to CsA (10 and 30 µM), indicating that many cells in the endothelial monolayer were no 

longer joined (arrows in Fig. 4). Overall, these results indicate that the effects of CsA on the 

cytoskeleton and adherens junctions are additional to those of irradiation and also that CsA 

significantly aggravates the effect of irradiation on endothelial monolayers.  
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Discussion 

Here, we investigated the effect of CsA, a widely used immunosuppressant, on human 

microvascular pulmonary endothelial cells exposed to high-dose X-ray. 

We first show that exposure to CsA alone increased the membrane expression of ICAM-1 in 

both microvascular (HPMECs) and macrovascular (HUVECs) endothelial cells [2;4;21]. This 

effect of CsA was significantly reduced by potent inhibitors of both NF-κB and TLR4 

receptors, suggesting that the stimulation of ICAM-1 expression by CsA includes TLR4-

dependent activation of NF-κB in HPMECs, consistent with a recent study in murine 

endothelial cells [21].  

High-dose irradiation of HPMECs (15 Gy) also triggered increased membrane expression of 

ICAM-1 and post-irradiation treatment of irradiated HPMECs with CsA significantly 

increased the stimulatory effect of high-dose X-irradiation on ICAM-1 expression. In fact, the 

effects of CsA and irradiation appeared to be additive with respect to ICAM-1 membrane 

expression. This additive effect of CsA was also observed when ICAM-1 expression was 

induced by a completely different mechanism (Ca
2+

 entry through TRPV4 channels) in 

another endothelial cell type (HUVECs), suggesting that it may occur regardless of the 

pathway triggering ICAM-1 overexpression [3].   

Furthermore, both low concentrations of CsA and high-dose irradiation triggered significant 

apoptosis in HPMEC cultures and, as was the case for ICAM-1 expression, the pro-apoptotic 
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effect of CsA adds to that of irradiation regarding apoptosis of HPMECs. Finally, CsA 

significantly altered the actin cytoskeleton and adherens junctions, as evidenced by the 

formation of actin stress fibres and the rearrangement of VE-cadherin adherens junctions. 

Rearrangement of the actin cytoskeleton was also observed upon irradiation, with the 

formation of actin stress fibres. The effects of CsA on the cytoskeleton, adherens junctions 

and monolayer integrity were enhanced in irradiated HPMECs, indicating that CsA also 

significantly worsens the effect of irradiation on endothelial monolayers. 

Overall, our results indicate that CsA alone induces ICAM-1 overexpression, apoptosis, actin 

stress fibre formation and adherens junction rearrangement, but more importantly that most of 

these deleterious effects are additional to those of irradiation and observed for CsA 

concentrations in the micromolar range, which corresponds to the CsA peak blood 

concentration in patients treated with this immunosuppressant [8]. 

Upon irradiation, leucocyte migration through the endothelium is facilitated by 

overexpression of ICAM-1, endothelial cell apoptosis and deregulation/rearrangement of the 

adherens junction, which ultimately promotes the development of excessive inflammation 

[10;11;15;19;20;25;26]. As CsA enhances all these effects, this suggests that post-irradiation 

treatment with CsA may significantly worsen the pro-inflammatory effects of irradiation, 

leading to increased tissue alteration and organ damages. In line with this hypothesis, it has 

recently been demonstrated in NOD scid gamma mice that CsA treatment combined with 

irradiation is hepatotoxic and even lethal [24]. Therefore, the additive deleterious effects of 

CsA on irradiated endothelial cells that we describe in the present work may partly explain the 

in vivo observations of these authors.  

Conclusion 
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CsA has been widely used to prevent GvHD after transplantation, including bone 

marrow/haematopoietic stem cell transplantation required to restore haematopoiesis after to 

high-dose radiation exposure [1;9;16;17]. Therefore, the results presented here suggest that in 

case of bone marrow/haematopoietic stem cell graft/transplantation after accidental high-dose 

irradiation, the use of CsA as an immunosuppressant may aggravate the deleterious effect of 

irradiation on the endothelium, which could ultimately worsen inflammation, oedema and 

long-term tissue alterations caused by high-dose irradiation. Alternative immunosuppressant 

treatments may then be considered after bone marrow/haematopoietic stem cell 

graft/transplantation in case of irradiation. 
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Figure legends 

Fig. 1. Effect of CsA on the surface expression of ICAM-1, VCAM-1, E-selectin and P-

selectin in HPMECs. Membrane expression of adhesion molecules (ICAM-1, E-selectin, P-

selectin and VCAM-1) was measured using flow cytometry 24 h after addition of CsA to the 

culture medium of HPMECs. A: Left: merged histograms of ICAM-1 staining for control 

HPMECs and cells treated with CsA at 1, 10 and 30 µM for 24 h. Right: Averaged normalised 
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MFI values obtained for ICAM-1, E-selectin, P-selectin and VCAM-1 in CsA-treated 

HPMECs. Data on graphs represent compiled data from 9 experiments (* P <0.05, *** P 

<0.001). B: Left: merged histograms of ICAM-1 staining for control HPMECs and CsA-

treated-cells (10 µM, 24 h) with or without BAY11-7085 (10 µM) or M62812 (30 µM). 

Right: Averaged normalised MFI for ICAM-1 in CsA-stimulated HPMECs (10 µM, 24h) 

treated or not with BAY11-7085 (10 µM), M62812 (30 µM) or Tak242 (1, 10 and 30 µM). 

Data on graphs represent compiled data from 8 experiments (** P <0.01, *** P <0.001).  

Fig. 2. Effect of CsA treatment on irradiation- or Ca
2+

 entry-induced ICAM-1 

membrane expression.  Membrane expression of adhesion molecules (ICAM-1, E-selectin, 

P-selectin and VCAM-1) was determined by flow cytometry 48 h after 15 Gy-irradiation of 

HPMECs while CsA was added to the culture medium 24 h after cell irradiation. A: Top: 

Merged histograms of ICAM-1 staining in control and irradiated HPMECs (15 Gy) treated or 

not with CsA (1, 10 or 30 µM) 24 h after irradiation. Below: Averaged normalised MFI for 

ICAM-1, E-selectin, P-selectin and VCAM-1 stainings in irradiated HPMECs (15 Gy) treated 

or not with CsA (1, 10 and 30 µM) 24 h after irradiation. Effect of CsA alone (1, 10 and 30 

µM) was also measured in these experiments. Data on graphs represent the average of 4 

experiments (* P <0.05, ** P <0.01, *** P <0.001). B: Left: Effect of CsA on the surface 

expression of ICAM-1, E-selectin, P-selectin and VCAM-1 in HUVECs. Membrane 

expressions of ICAM-1, E-selectin, P-selectin and VCAM-1 were measured using flow 

cytometry 24 h after addition of CsA (1, 10 and 30 µM) to the culture medium of HUVECs. 

The graph represents averaged normalised MFI values obtained for ICAM-1, E-selectin, P-

selectin and VCAM-1 in CsA-treated HUVECs. Data on graphs represent compiled data from 

5 experiments (* P <0.05, *** P <0.001). Right: Averaged normalised MFI of ICAM-1 

staining in GSK1016790A (GSK101, 30 nM)-stimulated HUVECs treated or not with CsA (1, 
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10 and 30 µM). Data on graphs represent compiled data from 4 experiments (** P <0.01, *** 

P <0.001).  

Fig. 3. Effect of CsA and high-dose irradiation (15 Gy) on apoptosis of HPMECs. A: 

Flow cytometry analysis of HPMECs apoptosis in control and after incubation with CsA (1, 

10 and 30 µM) for 24 h. Quadrants have been drawn on pictures in order to measure the % of 

apoptotic cells (PI+/Annexin V+) among HPMEC populations. B: Averaged proportion of 

apoptotic cells (PI+/Annexin V+) among HPMEC populations in control and after 24 h 

exposure to CsA (1,10 and 30 µM). Data on graphs represent compiled data from 10 

experiments (* P <0.05, *** P <0.001). C: Averaged proportion of apoptotic cells among 

HPMEC populations in control and after 24 h exposure to CsA (30 µM) with or without 

M62812 (30 µM) or Tak242 (30 µM) pre-treatment. Data on graphs represent the average of 

4 experiments (** P <0.01). D: Left: Flow cytometry analysis of HPMECs apoptosis in 

control and irradiated (15 Gy) cells treated or not with CsA (1µM) 24 h after irradiation. 

Measurements were performed 72 h after irradiation. Quadrants have been drawn on pictures 

in order to measure the % of apoptotic cells (PI+/Annexin-5+) among HPMEC populations. 

Right: Mean averaged proportions of apoptotic cells among HPMEC populations in control 

and irradiated cells (15 Gy) treated or not with CsA (1µM). Measurements were performed 72 

h after irradiation, while CsA was added 24 h after irradiation. Data on graphs represent the 

average of 6 experiments (* P <0.05, ** P <0.01). 

Fig. 4. Effect of CsA and high-dose irradiation (15 Gy) on the actin cytoskeleton and 

adherens junctions. Images represent stainings of F-Actin (red) and VE-Cadherin (green) in 

HPMEC monolayers in control and 24 h after irradiation (15 Gy) and/or CsA (1, 10 and 30 

µM) treatment. Images presented are representative of 3 experiments. White arrows drawn on 

images indicate intercellular gaps. Scale bar: 10 µM.  
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