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Abstract: During the inflammatory response, there is a process of leukocyte extravasation that involves the 

migration of these cells from the bloodstream towards target tissues through their adherence to vascular 

endothelium. Leukocyte extravasation is coordinated and regulated by the expression of a variety of 
glycoproteins implicated in cell-cell interactions. Cell adhesion molecules (CAMs) mediate interactions 

between blood cells and endothelial cells that can occur in all segments of the microvasculature as a response 

to inflammation under certain conditions such as overexposure to ionizing radiation. On the other hand, the beta 

integrin family of proteins interacts with the associated ligand (intercellular adhesion molecules) in the vascular 

endothelium. This transient binding results in further leukocyte activation and subsequent firm adhesion and 

transendothelial migration into sites of inflammation. The present study examines the expression of two of these 

proteins: Beta 1 integrin and ICAM-1, using flow cytometry and immunohistochemical techniques, in blood 

samples and biopsies from patients overexposed to ionizing radiation. This work shows the correlation between 

the expression of Beta 1 integrin in lymphocytes from blood samples and the expression of the associated ligand 

in endothelium ICAM-1 and the possible role of this interaction between these molecules in the initial phases 

of infiltration into the tissue affected by radiation exposure. 
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1.  INTRODUCTION 

Up to now there are no established parameters for the follow-up of delayed radiation injuries [1]. Late 

toxicity is generally irreversible and can have devastating effects on quality of life of people exposed 
either accidentally or during therapeutic radiation treatments. These effects are the consequences of 

both, an imperfect tissue remodeling and persistent radiation induced injuries [2]. 

 
The main feature of severe radiation burns is the occurrence of unpredictable successive inflammatory 

waves leading to the extension, in surface and in depth, of the necrotic process [3]. Histologically, late 

manifestations of radiation damage include fibrosis, necrosis, atrophy and vascular lesions [4]. 

 
Delayed reactions are considered those that occur beyond 90 days from the start of the radiotherapy. 

They are categorized according to the criteria for registration of late radiotoxicity in skin and 

subcutaneous tissue proposed by the Toxicity Criteria of the Radiation Therapy Oncology Group 
(RTOG) and the European Organization for Research and Treatment of Cancer (EORTC) [5]. In the 

case of interventional practices, the same criteria are adopted. 

 

Radiotoxicity criteria - EORTC / RTOG - Tissue: skin – 

Late toxicity 
Grade 1: Skin slight atrophy; pigmentation change; some hair loss. 

Grade 2: Patch atrophy; moderate telangiectasia; total hair loss. 

Grade 3: Marked atrophy; gross telangiectasia. 
Grade4: Ulceration. 

 

A fundamental event in the inflammatory response is the recruitment of blood leukocytes to a site of 
injury or infection, often resulting in tissue dysfunction and damage [6]. The recruitment of leukocytes 
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from circulating blood is decisive in the inflammatory reaction. This innate immunity response consists 

of a well-defined and regulated multi-step cascade involving consecutive steps of adhesive interactions 

between the leukocytes and the endothelium [7]. All the steps in the recruitment cascade are orchestrated 

by cell-adhesion molecules (CAMs) on endothelial cells and different subsets of CAMs are responsible 
for different steps in extravasation. However, long term alterations of CAMs expression in irradiated 

tissues remain unclear [4]. On the other hand, integrins are adhesion molecules expressed on leucocytes 

that interact with CAMs in the endothelium playing a main role in transendothelial migration towards 
the inflammatory foci. Adhesion receptors regulate numerous processes such as cell activation, 

migration, growth, differentiation, and death [8-10]. 

 
Cell-cell interactions are essential for regulating the inflammatory response [8,11,12]. The coordinated 

functioning of adhesion receptors, the cytoskeleton and signalling molecules is crucial for leukocyte 

extravasation, a key process in immune response [11,13]. During the initial contact with the activated 

endothelium leukocytes roll along the endothelium. Subsequently, leukocytes are activated by 
chemokines presented on the luminal endothelial surface, which results in the activation of leukocyte 

integrins and the firm leukocyte arrest on the endothelium. After their firm adhesion, leukocytes perform 

a transmigration process to pass the endothelial barrier [7]. Blood leukocyte trans-endothelial migration 
involves a sequential, multistep adhesion cascade between leukocyte and endothelial cell adhesion 

molecules [6]. The steps involved in adhesion cascade are leukocyte tethering and rolling (Step 1), 

activation (step 2), firm adhesion (step 3), crawling (Step 4) and transmigration across the endothelium 
(Step 5). 
 

Step 1: Leukocyte tethering and rolling 
In the initial phase of an acute inflammatory response, circulating leukocytes respond to locally 

produced proinflammatory factors or inflammatory mediators, leading to their tethering and rolling 
along the surface of endothelial cells lining postcapillary venules. This phase involves endothelial E- 

and P-selectin, leukocyte L-selectin; integrin α4β1/α4β7 [6]. To initiate the inflammatory response, 

circulating leukocytes in the bloodstream have to establish contact (tethering) with the vascular wall and 
adhere to it. Tethering and rolling of the leukocytes over the activated endothelium are the first steps in 

the sequential process of extravasation. The initial contact or tethering is largely mediated by selectins 

and their ligands α4β1-and α4β7-integrins [8,15]. Tethering slows the speed of travel of the leukocytes 
and allows them to roll over the endothelial surface, favouring subsequent interactions mediated by 

integrins and their ligands and increasing leukocyte adherence. As a result, the leukocytes finally come 

to a halt on the vascular wall [8,16]. On the other hand, the interaction between lymphocyte function-

associated antigen LFA-1 and cell-cell adhesion molecule ICAM-1 collaborates with the function of L-
selectin, thereby stabilizing the transient contact phase and reducing the rolling velocity [8, 17,18]. 

 
Step 2: Activation 
Further stimulation by endothelial cell-bound chemokines leads to rapid activation of leukocyte β1 and 
β2 integrins [6]. 

 

Step 3: Firm adhesion 
The activation of β1 and β2 integrins results in arrest of leukocyte on the endothelium surface [6]. 
Integrins are fundamental molecules in cell migration. They control the cell-cell and cell-extracellular 
matrix interactions during recirculation and inflammation. Thus, circulating leukocytes in blood 
maintain their integrins in an inactive conformation to avoid nonspecific contact with uninflamed 
vascular walls, but when they arrive at the inflammatory focus, a rapid in situ activation of the integrins 
occurs [8,19]. 

 

Step 4: Leukocyte crawling 
The β2 integrins seem to play an important role in crawling [20], leukocytes initially crawl on 
endothelial cells before arresting and transmigrating and there is an interaction between the molecule 
integrin LFA-1/αLβ2 and ICAM-1[21]. 

 

Step 5: transmigration across the endothelium (or diapedesis) 



 

Once the leukocytes have reached an appropriate site for transmigration (preferably the intercellular 

junctions), they deploy exploratory pseudopods between 2 adjacent endothelial cells. During this 

process, the LFA-1 (CD11a/β2) molecule is the integrin with the predominant role. This molecule is 

quickly relocalized to form a ring-shaped cluster at the contact interface between the leukocyte and 
endothelium, where it interacts with ICAM-1 [8,22]. 
 
Previous own studies have shown that there is a significant increase of β1 Integrin expression on gated 
lymphocytes of patients with late cutaneous reactions graded 4 according to the RTOG / EORTC score 
and this increase showed good correlation with the patient evolution [4]. 
 
The objective of the present study is to examine the correlation between the expression of two of these 
proteins: Beta 1 integrin in lymphocytes and ICAM-1 on endothelial cells in patients overexposed to 
ionizing radiation in the initial phases of infiltration into the tissue affected, as a useful tool in an 
emergency. 
 

2. MATERIALS AND METHODS 
Patients 
Patients referred to the Radiopathology Committee of Hospital de Quemados del Gobierno de la Ciudad 
de Buenos Aires (Burn Hospital) for the diagnosis and therapy of Cutaneous Radiation Syndrome, 
presenting radiation lesions classified grade 4 RTOG/EORTC were selected for this study due to the 
severity of the symptoms and therapeutic challenges.  
 
In this study 3 representative cases, grade 4 late toxicities, were chosen as flow cytometry analysis was 
complemented by histological analysis of biopsies obtained the same day of blood sampling. Late effect 
was considered three months from the date of the radiation procedure. The study was approved by the 
Research and Ethics Committee of Burn Hospital. Informed consent was obtained from all patients. 
 

Sample Collection 
A total of 3ml of blood was collected into EDTA venous blood collection tubes (Vacutainer, BD) and 
maintained at room temperature until processed within 24h. 
 

Flow cytometry 
The assessment of B1 integrin (CD29) was performed by staining 50 μl of whole blood with Ab anti 
CD29 labelled FITC. Samples were lysed with a lysing solution and samples were analyzed in a flow 
cytometer (BD FACSCalibur) using CellQuest Pro Software. 

 
Histological analysis 
Histological examination of 0.3 cm x 0.2 cm tissue sections of skin was performed after fixation and 
staining with hematoxylin-eosin (H&E). 

 

Immunohistochemical techniques 
Tissue preparation: Biopsies were fixed using formaldehyde fixation and embedded with paraffin. 
Staining: Tissue sections from biopsies were stained using a FITC-conjugated monoclonal antibody 
mouse anti- human ICAM-1(CD54). To assess the overexpression of this adhesion molecule, a FITC-
conjugated monoclonal antibody mouse anti-human ICAM-1 was diluted at a ratio 1:50 using PBS and 
applied on histological section of skin biopsies. Normal skin from the thoracic region was used as a 
control. 
 

3. RESULTS 
In order to identify the exposed patients, all samples were named as PQ followed by a number. In our 
study, β1 integrin normal Mean Fluorescence Index value is 8.75 ± 3.77 obtained from 25 control 
individuals. 
 

β1 Integrin analysis 
The analysis of adhesion molecules expression revealed a higher expression of β1 Integrin on gated 
lymphocytes of grade 4 patients compared to non-exposed controls. 

 
CAMs analysis 



 

There was a positive staining for ICAM-1 on endothelial cells and lymphocytic infiltrations surrounding 
the vessels in biopsies from grade 4 patients who expressed high levels of β1 Integrin on blood cells. 

 

Representative cases 

Patient 1: 
69-year-old male patient heavy smoker and with high blood pressure who was treated with radiotherapy 
at his 36 years due to a right leg angioma. According to the equipment and protocol applied at the time 
of treatment, it can be inferred that the dose delivered to the leg angioma was around 50–60 Gy (2.0 
Gy/day given 5 days/week). Initially, ulcers appeared approximately every 10 years. Over time, latency 
period shortened. In addition, the severity and frequency of the ulcers increased. This patient received 
two regenerative medicine treatments with mesenchymal stem cells in the Burn Hospital of Argentina: 
in 2011, an allogenic bone marrow mesenchymal stem cells treatment and in 2018, with autologous 
mesenchymal stem cells derived from stromal vascular fraction of adipose tissue. Figure 1 shows the 
expression of β1 integrin over time. It is interesting to point out that the MFI values in 2017 crisis are 
higher respecting to the MFI values in 2011 crisis, in agreement with clinical symptoms (Table 1). 
 
Table 1. β1 Integrin (MFI values) of the patient over time. Normal MFI value 8.75± 3.77  

 
DATE  Β1 INTEGRIN VALUE 
11-25-2011 13.08 
11-29-2011 12.20 
12-14-2011 7.35 
12-20-2011 7.65 
03-09-2012 3.52 
03-15-2012 11.90 
09-13-2012 8.95 
01-17-2013 3.57 
02-04-2014 5.96 
10-29-2015 9.97 
03-02-2017 19.98 
06-01-2017 8.70 
06-06-2017 9.91 
06-15-2017 18.70 
07-18-2017 14.59 

 
Figure 1: Follow up of MFI values of β1 integrin 

 

 

 

 

 

 

 

 

 

 

Patient 1 Biopsy  

Figure 2-H&E stain- Shows cutaneous tissue with ulceration of the surface and extensive collagenous 

fibrosis of the dermis and hypodermis, absence of cutaneous annexes, vessels with collapse of their 

lumen due to fibrosis compression of the surrounding tissues and perivascular lymphocytic infiltrates. 
Figure 3-H&E stain-Magnification of figure 2 shows the collapse of the vessels lumen due to fibrosis 
and perivascular lymphocytic infiltrates. Figures 4 and 5 show the appearance of the vessels in healthy 
dermis. ICAM-1 brown stain is not observed in these controls. Figures 6 and 7 show intense mark for 
ICAM-1 on endothelial cells. Lymphocytes are also observed within the wall of some vessels with 
fibrinoid deposits. Overexpression of ICAM-1 is observed on endothelial cells, even in vessels 
collapsed by peripheral fibrosis. 
 



 

Figure 2:H&E-Cutaneous tissue with ulceration     Figure 3: Magnification of figure 2 

 
Figure 4: ICAM-1 negative mark -Control 1       Figure 5: ICAM-1 negative mark -Control 2 

 
Figure 6: Positive mark for ICAM-1             Figure 7: Positive mark for ICAM-1  

 
Patient 2: 
66-year-old male patient with paroxysmal refractory atrial flutter, had a fluoroscopy procedure 23 years 
ago and presented an ulcer on his back. The lesion was treated as a conventional burn, the skin was 
removed and the patient received an autologous graft that did not succeed. As a consequence of this 
treatment the ulcer intensified. In this crisis, it was obtained a high β1 Integrin value evaluated by flow 
cytometry: MFI 19.54.  
Patient 2 Biopsy  

Figures 8 and 9-H&E stain –show cutaneous tissue with perivascular lymphocytic infiltrates. Figure 
10 and 11 show positive mark for ICAM-1 on endothelial cells of vessel walls and perivascular 

lymphocytic infiltrates. 



 

Figure 8: Lymphocytic infiltrates    Figure 9: perivascular lymphocytic infiltrates 
    

  

 
 

 

 

 

 

 

 

 

 

 

 

Figure 10: Positive mark for ICAM-1 Figure 11: Positive mark for ICAM-1 

 

 

 

 

 

 

 

 

 

 

 
 

 
Patient 3: 

61-year-old male patient who had undergone a fluoroscopy procedure, developing a necrotic ulcer 
grade 4 RTOG/EORTC four months after exposure in the dorsal area in 2003. The follow up was 

performed until 2010, the patient discontinued the treatment and returned in 2018 showing a radiation 

induced malignancy with bleeding and severe pain. The MFI of β1 Integrin for the year 2018 is 18.30. 

This value indicates an overexpression of β1 Integrin in lymphocytes which correlates with the 
clinical symptoms (inflammatory response).  

 
Patient 3 Biopsy  

Figure 12 and 13-H&E- show cutaneous tissue with perivascular lymphocytic infiltrates. Figure 14 

shows positive mark for ICAM-1 on endothelial cells of collapsed vessels. Figure 15 shows positive 
mark for ICAM-1 on endothelial cells, lymphocytes are observed surrounding the vessels. 

 

Figure 12: Lymphocytic infiltrates        Figure 13: Lymphocytic infiltrates 

 
 

 

 
 

 

 
 
 
 
 
 
 



 

Figure 14: ICAM-1 mark on collapsed vessels     Figure 15: ICAM-1 positive, lymphocytic infiltrate 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
4. DISCUSSION: 

Scientific evidences are supporting the view that integrins and endothelial cell-associated CAMs play 
a critical role in the vascular dysfunction and tissue injury associated with a wide variety of 

inflammatory diseases. The coordinated recruitment of leukocytes to sites of inflammation is largely 

governed by the expression of adhesion molecules. The β1 Integrin is the major integrin expressed on 

T and B lymphocytes whereas ICAM-1 mediates both lymphocyte and monocyte adhesion but its 
expression is regulated on endothelial cells. 

 

In this study we observed a correlation between high expression of β1 Integrin on lymphocytes and 

the expression of ICAM-1 on endothelial cells and the infiltration of lymphocytes on the affected 
tissue. β1 integrin expression on lymphocytes shows higher values in patients with late cutaneous 

reactions graded 4 RTOG/EORTC score respect to controls and would correlate with the patient 

evolution. 

 
5.  CONCLUSIONS 

This study contributes to understanding the role of this adhesion molecules on irradiated tissue. The 
analysis of these markers is useful to physicians to predict inflammatory waves and improve the 

treatment. The β1 integrin values in patients were significantly greater than control values. In 
addition, ICAM-1 staining on endothelial cells from the vessels of these patients was positive. The 

same ICAM-1 staining was not observed in healthy tissue. This shows an association between high 

levels of β1 integrin on blood cells and the expression of ICAM-1 on endothelial cells of grade 4 
RTOG / EORTC patients when contrasted with control value. 

 

Flow cytometry techniques are of great importance during an emergency situation due to the high 
speed of the results. They can be used together with other techniques to guide personalized treatments 

of victims. This work adds new evidence that supports the use of β1 integrin, in combination with 
other inflammatory indicators, as a follow-up marker of chronic radio-induced inflammation process 

just as its response to therapeutic treatments. 
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