
INTEGRIN BETA-1 RECRUITMENT AT CELL-MATRIX ADHESIONS IN 

AGED VASCULAR SMOOTH MUSCLE CELLS 

An Undergraduate Research Scholars Thesis 

by 

FRIDA LEON OLMEDO 

Submitted to the LAUNCH: Undergraduate Research office at 

Texas A&M University 

in partial fulfillment of requirements for the designation as an 

UNDERGRADUATE RESEARCH SCHOLAR 

Approved by 

Faculty Research Advisor: Andreea Trache, Ph.D. 

 

May 2021 

Major: Biomedical Engineering 

 

  

 

 

Copyright © 2021. Frida Leon Olmedo.



RESEARCH COMPLIANCE CERTIFICATION 

Research activities involving the use of human subjects, vertebrate animals, and/or 

biohazards must be reviewed and approved by the appropriate Texas A&M University regulatory 

research committee (i.e., IRB, IACUC, IBC) before the activity can commence. This requirement 

applies to activities conducted at Texas A&M and to activities conducted at non-Texas A&M 

facilities or institutions. In both cases, students are responsible for working with the relevant 

Texas A&M research compliance program to ensure and document that all Texas A&M 

compliance obligations are met before the study begins. 

I, Frida Leon Olmedo, certify that all research compliance requirements related to this 

Undergraduate Research Scholars thesis have been addressed with my Research Faculty Advisor 

prior to the collection of any data used in this final thesis submission. 

This project required approval from the Texas A&M University Research Compliance & 

Biosafety office. 

Institutional Biosafety Committee 

Before initiating this study, approval was received from the Texas A&M University 

Institutional Biosafety Committee (IBC 2019-100). Expiration date: 10/24/2022.  

Vertebrate Animals 

Before initiating this study, approval was received from the Texas A&M University 

Institutional Animal Care and Use Committee (AUP 2019-0033). Fischer 344 rats were obtained 

from the National Institute on Aging and housed at the Texas A&M Comparative Medicine 

Program Facility. 



TABLE OF CONTENTS 

Page 

ABSTRACT .................................................................................................................................... 1 

DEDICATION ................................................................................................................................ 3 

ACKNOWLEDGEMENTS ............................................................................................................ 4 

NOMENCLATURE ....................................................................................................................... 5 

1. INTRODUCTION .................................................................................................................... 7 

2. METHODS ............................................................................................................................. 11 

2.1 Cell Culture................................................................................................................. 11 
2.2 Immunofluorescence Staining .................................................................................... 14 
2.3 Imaging Techniques ................................................................................................... 15 
2.4 Image Analysis ........................................................................................................... 19 

3. RESULTS ............................................................................................................................... 21 

3.1 Integrin β1 Morphology at Cell-Matrix Adhesions .................................................... 21 

4. CONCLUSION ....................................................................................................................... 26 

REFERENCES ............................................................................................................................. 27 



1 

 

ABSTRACT 

Integrin Beta-1 Recruitment at Cell-matrix Adhesions in Aged Vascular Smooth Muscle Cells 

Frida Leon Olmedo 

Department of Biomedical Engineering 

Texas A&M University 

Research Faculty Advisor: Andreea Trache, Ph.D. 

Department of Medical Physiology Texas A&M University Health Science Center  

Department of Biomedical Engineering 

Texas A&M University 

Arterial aging is characterized by reduced vessel contractility, arterial stiffening and 

endothelial dysfunction which are major predictors of cardiovascular diseases present in the 

elder population. At the level of vascular smooth muscle cells, this corresponds to age-induced 

phenotypic changes from a contractile to a synthetic phenotype associated 

with decreased mechanosensitive responses to external stimuli in these cells. This study is 

focused on analyzing the integrin role as a contributor to arterial vasomotor dysfunction through 

the regulation of vascular smooth muscle cells adhesion to extracellular matrix components. To 

test the effects of matrix-functionalized substrate stiffness on integrin spatial distribution, 

vascular smooth muscle cells isolated from soleus feed arteries of young and old Fisher 344 rats 

were plated on glass-bottom cell culture dishes functionalized with matrix proteins, fibronectin 

and collagen I. Then, cells were stained for endogenous beta-1 integrin using mouse anti-beta-1-

Alexa 488 direct-labeled antibody (Biolegend, San Diego, CA). Stained cells were imaged using 

total internal reflection fluorescence and confocal microscopy to analyze spatial distribution of 
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beta-1 integrin at cell-matrix adhesions. Our results showed a significantly higher fluorescence 

intensity, indicating a greater amount of integrin beta-1 present at cell-matrix adhesions in young 

versus old vascular smooth muscle cells, in all conditions. The decrease of beta-1 integrin 

recruitment at cell-matrix adhesions in old cells, shows a reduced cell adhesion to the matrix that 

correlates well with the decreased contractility of aged vascular smooth muscle cells.  

The work presented here, partially references the abstract accepted to the 65th Biophysical 

Society Meeting (Ojha et al 2021). 
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NOMENCLATURE 

𝛼  Alpha 

𝛼1  Alpha-1 

𝛼2  Alpha-2 

𝛼5  Alpha-5 

𝛼1𝛽1  Alpha-1-beta-1 

𝛼2𝛽2  Alpha-2-beta-2 

𝛼5𝛽1  Alpha-5-beta-1 

𝛽  Beta 

𝛽1  Beta-1  

CO2  Carbon Dioxide   

Coll-I  Collagen-I 

CVDs  Cardiovascular Diseases 

DPBS  Dulbecco's Phosphate Buffered Saline 

ECM  Extracellular Matrix 

FA  Focal Adhesions 

FN  Fibronectin 

𝜇𝐿  Microliter  

𝜇𝑚  Micrometer 

mL  Milliliter 

mm  Millimeter 

ms  Millisecond 
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nm  Nanometer 

N2  Nitrogen 

PFA  Paraformaldehyde 

PMT  Photomultiplier tube 

TC  Tissue culture 

TIRF  Total Internal Reflection Fluorescence  

Trypsin Trypsin-EDTA 

VSMC  Vascular Smooth Muscle Cells 
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1. INTRODUCTION  

The growing prevalence of cardiovascular diseases (CVDs) is a pressing issue faced 

today. In a report submitted by the American Heart Association, in 2019 CVDs were the leading 

cause of death globally, accounting for more than 18.6 million deaths (Virani et al., 2021). 

Moreover, the cost of treating these diseases has an estimated expense of $351.3 billion (from 

2014 to 2015) in the U.S. alone. Also, it is predicted that by 2035 there will be a sharp increase 

in the total expenses for patients 65 years or older (Virani et al. 2020).  

Aging is a major risk factor for CVDs (Najjar et al., 2005), along with smoking, physical 

inactivity, and nutrition deficiencies (Virani et al., 2020). Previous research has shown that 

arterial aging is characterized by reduced vessel contractility, arterial stiffening, and endothelial 

dysfunction, all of which are considered major precursors of CVDs affecting the growing aging 

population (Donato et al., 2018). These age-induced vascular changes are incurred by a 

phenotypic change of vascular smooth muscle cells (VSMC), from a contractile to a synthetic 

phenotype which results in a decrease of cellular mechanosensitive responses to external stimuli 

(Trache et al., 2020). To understand how aging induces VSMC adaptation and simultaneous 

physiological changes in blood vessels, a brief introduction of cellular components and their 

microenvironment will follow. 

The extracellular matrix (ECM) is an intricate network of macromolecules, including 

proteins, proteoglycans and regulatory factors that provide structural and biochemical support to 

the surrounding cells (Yue, 2014). Structural and/or compositional changes within the ECM 

affect cell response through the use of integrins. Integrins are transmembrane receptors that bind 

the cytoskeleton of the cells to the ECM via adhesion proteins at cell-matrix adhesion sites, 



8 

 

namely focal adhesions (FA). These heterodimeric glycoproteins are composed of two subunits: 

alpha (𝛼) and beta (𝛽). Each of the subunits has an extracellular domain that forms the ligand 

adhesion sites for extracellular proteins (Arnaout et al., 2007). Intracellularly, the β-tail of the 

integrin interacts with adhesion proteins at FA (Legate et al., 2009). 

FA form intracellularly at sites of cell-matrix adhesion upon recruitment of specific signaling 

molecules (Zaidel-Bar et al. 2007; Martin et al. 2002; Davis et al. 2001). As a result, these are 

dynamic structures that undergo continual changes to facilitate cellular adaptation to mechanical 

stresses (Worth et al. 2001; Opazo Saez et al. 2004; Zamir & Geiger, 2001). FA also act as 

signaling centers for intracellular pathways that regulate cell growth, contractility and gene 

expression (Geiger et al., 2001). Due to their strategic location at the plasma membrane, integrins 

function as the main mediators of the cell-matrix crosstalk, regulating cell adhesion to ECM and 

signal transduction to the cellular cytoskeleton, ultimately inducing alterations of stress fiber 

formation via actin dynamics in response to external stimuli (Lakatta, 2003; Saphirstein et al., 

2013). 

The diagram in Figure 1.1 shows distinct integrin subunits that are suitable receptors for 

collagen and fibronectin (FN). Due to the versatility of integrin 𝛽1 as a receptor for both ECM 

proteins, attributed to the different 𝛼 complementary subunits, 𝛽1 can pair with 𝛼5 to form 

integrin 𝛼5𝛽1 which is the main receptor for FN, and can also pair with 𝛼1 or 𝛼2 forming 

integrin 𝛼1𝛽1 or 𝛼2𝛽2, both of which are main receptors for collagen. Collagen I (Coll-I) is a 

major protein found in the ECM. It is known that collagen deposition increases with age (Trache 

et al., 2020; Zhang et al., 2016) and thus contributes to age-induced vessel wall stiffening. On the 

other hand, FN is a key protein used for mediating cell-matrix attachment. Both of these proteins 
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have distinct amino acid sequences that are recognized by specific integrin receptors (Takada et 

al., 2007).   

 

Figure 1.1: Diagram of known integrins and the specific extracellular matrices these recognize. Note that tripeptide 

Arg-Gly-Asp (RGD) is the amino acid sequence found in fibronectin. Figure adapted from (Morphic Therapeutic, 

2018).  

Supporting research has established a correlation between aging and the decrease of 

arterial vasoconstrictor responses (Delp et al., 1995; Kenney & Armstrong, 1996; Dinenno et al., 

2002; Qiu et al., 2010). Additionally, several physiological functions of arteries such as 

regulating blood pressure, blood flow and vessel resistance are modulated by the intrinsic ability 

of VSMC adaptation to mechanical stimuli (Janmey & McCulloch, 2007; Janmey et al., 2009; 

Luo et al., 2008; Martinez-Lemus et al., 2003).  

This study aims to understand the age-induced effects on VSMC morphological 

adaptation to compositional changes in their microenvironment. Specifically, this research 

focuses on quantifying the 𝛽1 integrin recruitment at FA for cells plated on glass dishes 
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functionalized with Coll-I and FN. Total internal reflection fluorescence and confocal 

microscopy were the selected imaging modalities for obtaining fluorescence images needed to 

quantify protein fluorescence at FA and through the entire cytoplasm of VSMC. Both of these 

techniques utilize minimal light exposure which mitigates the risk of cellular photo-toxicity (Lim 

et al., 2010). Fluorescence images obtained from TIRF and confocal microscopy were further 

analyzed using SlideBook software (Intelligent Imaging Innovations, Denver, CO, United 

States), followed by statistical analysis.  
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2. METHODS 

The following sections describe the procedures used in this study to analyze the integrin-

recruitment at focal adhesions in VSMC plated on ECM functionalized substrates.  

2.1 Cell Culture  

The cell culture of previously isolated VSMC from soleus feed arteries of young (4 

months) and old (24 months) Fischer 344 rats is outlined in detail in the subsequent sections. 

2.1.1 Vascular Smooth Muscle Cells Thawing 

Frozen VSMC were removed from liquid nitrogen (N2) and thawed in a 37C water bath. 

The thawed cells were then transferred from their vial to a 15 mL Falcon tube, via a 10 mL pipet, 

containing 6 mL of warm (37C) VSMC media. An additional 1 mL of media was used to wash 

the vial, which was then transferred to the cell suspension in the Falcon tube. The cell suspension 

was centrifuged using Eppendorf 5702 centrifuge set at 100 x g for 5 min. The supernatant, 

representing the remaining liquid above the solid cell pellet after centrifugation, was aspirated 

with a 10 mL pipet, while the pellet was gently re-suspended by adding 2 mL of warm VSMC 

media. This cell suspension was transferred to a 60 mm tissue culture (TC) dish, and an 

additional 2 mL of media were added to the dish. The cells were incubated overnight at 37C 

with 5% CO2. 

2.1.2 Cell Expansion  

After incubating overnight, the cells were examined using an Olympus CKX31 

microscope using a 10X objective to ensure proper morphology and good cell attachment. Using 

sterile 5 mL pipets, the old media was replaced with fresh warm media, and VSMC were 
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incubated overnight. On the following day, the cells were examined for a confluence of at least 

80% prior to expansion.  

For the second step in cell culture expansion, the media was aspirated from the cells, 

which were then washed twice with 4 mL of sterile Dulbecco's Phosphate Buffered Saline 

(DPBS). The cells were treated with 0.4 mL of 0.25% trypsin-EDTA (trypsin) and placed in the 

incubator at 37C for 1 min. Then, cells were mechanically detached by firmly tapping the dish; 

cell detachment was quickly checked under a microscope. Afterwards, the added trypsin was 

quenched with 2.6 mL of VSMC media. The cell suspension was transferred to a 100 mm dish, 

followed by the addition of 7 mL of media. The cells were incubated at 37C with 5% CO2. 

A third step in the cell expansion process was performed by splitting the cells on a 1 to 3 

ratio to facilitate the culture and expansion of VSMC for future experiments. First, the 100 mm 

dish containing the VSMC, was verified to be at least 80% confluent. A similar cell release 

procedure as above was followed, removing old media and washing the cells twice with DPBS, 

this time adding 0.6 mL of trypsin. Once cell detachment was verified using the microscope, 5.4 

mL of VSMC media were pipetted into the dish to quench trypsin. Then, 2 mL of suspension 

were transferred into three 100 mm dishes, followed by the addition of 8 mL of fresh media to 

each. The cells were incubated at 37C with 5% CO2 and allowed to rest for a day.  

2.1.3 Cell Harvesting  

The next day, VSMC medium was removed, the cells were washed with 10 mL of DPBS 

twice, and 0.6 mL of trypsin were added to attain detachment of the cells from the dish. 

Immediately after, 2.4 mL of media were transferred to the cells. Lastly, the cell suspension was 

transferred to a sterile 15 mL Falcon tube, followed by the addition of 4 mL of VSMC media to 

the suspension, which was pipetted 5 times to obtain an even suspension.  
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2.1.4 Cell counting and Placing 

This procedure is conducted right after cell harvesting, and it is useful in determining the 

amount of suspension needed in each of the designated dishes that will be used for an imaging 

experiment. For this protocol, we took a 10 L sample and placed it into the hemocytometer 

using a micropipette. Then, the hemocytometer was placed on the Olympus CKX31 microscope, 

and using a 10X objective the cells were counted in all four corner grids, excluding the cells 

along the upper and left edges of those grids. Figure 2.1 depicts the location of the cells that 

would be considered for cell counting (green circles) either within the corner grid and/or along 

the green outlines. On the other hand, the cells that would be discarded from cell counting are 

represented by red circles.   

 
 

Figure 2.1: Hemocytometer grid for cell counting. 

Following cell counting, the amount of suspension needed was calculated using the 

following equation, where Nc represents the number of cells counted on 4 grids of the 
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hemocytometer, Vs is the volume of suspension needed, and x is the quantity of cells needed for 

the experiment. 

𝑉𝑠 =
1

𝑁𝐶
4

∗10,000
∗ 𝑥  [𝜇𝐿] .  (2.1) 

2.2 Immunofluorescence Staining 

2.2.1 Cell Fixation  

For imaging experiments, cells harvested and counted as above, were plated in 35 mm 

glass bottom dishes (MatTek, Ashland, MA). The following day, old media was removed, and 

the cells were washed twice with 37C DPBS, followed by pipetting 1 mL of 2% 

paraformaldehyde (PFA) inside the fume hood and leaving the solution undisturbed for 10 min to 

fix the cells in culture. 

2.2.2 Quench Washing and Rinsing  

The PFA solution was aspirated and discarded into an appropriate waste disposal 

container. Then, 1 mL of cold glycine buffer was immediately added and left undisturbed for 5 

min. This procedure was repeated two times, disposing of the buffer into an appropriate waste 

container afterwards. Lastly, the dish was rinsed once with 1 mL of DPBS to eliminate any 

excess PFA.  

2.2.3 Antibody Labeling 

In this research, VSMC were stained for endogenous 𝛽1 integrin using anti-𝛽1-Alexa 

488 direct-labeled antibody (BioLegend, San Diego, CA). Since the antibody used was pre-

conjugated with its respective fluorophore, a regular 2-day procedure was reduced to one day 

preparation time. Thus, 1𝜇𝐿 of primary antibody was mixed into 1mL of anti-body buffer, and 

subsequently added to the 35 mm dishes. Dishes were sealed with parafilm and incubated 

overnight at 4C away from light. The following day, the dish was retrieved, and cells were 
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washed with 4C antibody buffer 6 times, allowing for 5 min incubation intervals in between 

washes, followed by pipetting 1 mL of DPBS into each dish. Lastly, they were stored at 4C 

until the imaging experiment was performed.  

2.3 Imaging Techniques  

Specific proteins can be detected through the use of fluorescence microscopy. Briefly, 

fluorescence microscopy utilizes light wavelengths to illuminate fluorophores coupled with 

antibodies. Antibodies are designed to recognize unique proteins. Fluorophores absorb light at a 

lower wavelength, emit light at a higher wavelength and are perceived as a color-specific glow 

against dark backgrounds when observed in an epifluorescence microscope, i.e., high 

fluorescence contrast against a dark background (Alberts et al., 1994). Two types of microscopy 

were used in this study to observe protein fluorescence distribution throughout VSMC.  

2.3.1 Total Internal Reflection Fluorescence microscopy 

Total Internal Reflection Fluorescence (TIRF) microscopy was used for fluorescence 

imaging and quantification at FA. This imaging technique uses the excitation of fluorophores 

present within approximately 90 nm of the plasma membrane (Seawright et al., 2018) in the 

immediate vicinity of the cell-coverslip interface (Trache & Meininger, 2008). TIRF microscopy 

provides optical images with high fluorescence contrast as a result of the evanescent wave that 

forms when light passes from a high refractive medium (e.g. glass) to a low refractive medium 

(e.g. VSMC) (Trache & Meininger, 2008).  
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Figure 2.2: TIRF experimental setup and optical pathway. Figure adapted from Total Internal Fluorescence (TIRF) 

Microscopy (Trache & Meininger, 2008). 

Figure 2.2 presents the optical path of the TIRF microscope. The micrometer located on 

the TIRF illuminator complex, permits movement of the optical fiber with respect to the optical 

axis (D). These distinct alignment configurations result in specific beam pathways. For instance, 

ray a is obtained by centering the optic fiber with the axis fiber, whereas ray b results from using 

an incident angle smaller than the critical angle in refence to the sample plane. Briefly, the 

incident angle dictates the incline of the incoming light, while the critical angle represents the 

maximum angle before a ray is completely reflected in a medium (Trache & Meininger, 2008). 

Thus, when the angle of incidence (θ) is greater than the critical angle, the refracted ray will not 

pass through the medium, but rather reflect back into it. This phenomenon is described as total 

internal reflection, represented by ray c (Trache & Meininger, 2008).  



17 

 

TIRF microscopy allows us to observe the fluorescence footprint of the cell plated on the 

glass bottom dishes; in a sense, the obtained images represent only the fluorescence of the 

proteins in the immediate vicinity of the plasma membrane 90 nm deep into the cell. 

2.3.2 Confocal microscopy 

Confocal microscopy is the imaging technique used for obtaining 3D optical scans to 

evaluate the entire fluorescence in the cell volume. The fluorescence images were collected using 

Fluoview 3000 confocal microscope (Olympus America, Inc., Waltham, MA) in stacks of 15 

planes, with a step size of 0.25 𝜇𝑚 and an exposure time of 100 ms, which were later used to 

create maximum projections for further analysis. This method was used for the observation and 

quantification of integrins throughout the cellular cytoplasm.  

To achieve confocal imaging, excitation light from a laser is directed towards the sample 

(i.e. adherent cell in culture). The beam of light passes through a scanning system and reaches 

the objective, which focuses the scanning beam as a spot on the sample. Fluorescence emission 

generated by the sample scatters in all directions. Fluorescence from the focal plane of the 

sample returned via the objective and scanning system, is then reflected off the dichroic mirror 

and subsequently focused on the detector. In front of the detector is a spatial filter (pinhole) 

which defines the image of the light in the focal plane of the microscope. Most fluorescence 

originating from above or below the plane of focus of the sample is rejected by the pinhole, such 

that no out-of-focus light reaches the detector. The light collected from a single focal plane is 

called optical section (slice). The pinhole acts as a spatial filter allowing confocal light to reach 

the detector and to suppress light from non-focal planes. To form a 2D image plane, the laser 

beam scans the specimen in a raster pattern, that is, horizontally and vertically, then the 

fluorescence light is detected by a low-noise photomultiplier tube (PMT) and converted for 
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display on a computer screen (Hibbs 2004). The diagram depicted on Figure 2.3 displays the 

light pathway and sample interaction of a confocal microscope. 

 

Figure 2.3: Confocal microscopy experimental setup and optical pathway. Figure from Confocal Microscopy for 

Biologists (Hibbs, 2004).  
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2.4 Image Analysis 

2.4.1 Image Deconvolution and Background Subtraction  

Using SlideBook 6.2 imaging software (Intelligent Imaging Innovations, Denver, CO), 

previously acquired images were imported into a new file. Fluorescence images are individually 

processed through a simple deconvolution which improves image contrast. Specifically, TIRF 

images use ‘No Neighbors’ algorithm given that each image represents a single fluorescence 

plane. On the other hand, confocal microscopy images are processed as a stack of fluorescence 

planes. Thus, ‘Nearest Neighbors’ algorithm is used to deblur the images by considering the 

planes adjacent (directly above and below) to the working plane, as main contributors to the out-

of-focus blur. Additionally, to perform non-specific fluorescence background subtraction, a 

region of interest is selected to create a background mask. The mean intensity of this mask then 

serves as the offset value to create a new channel for the image, which will in turn minimize the 

noise of the original file, thus increasing signal-to-noise ratio. Both of these procedures are 

performed to obtain an image with higher contrast, allowing for a better characterization of the 

protein of interest; in this research, 𝛽1 integrin fluorescence intensity.  

2.4.2 Fluorescence Intensity Measurements 

2.4.2.1 Fluorescence Intensity Analysis for TIRF Images 

The segmenting procedure is used to obtain the protein ration of each imaged cell using 

TIRF microscopy. Following image deconvolution and background subtraction, a ‘Segment’ 

mask is placed on the image, which serves as a guiding point for adjusting the fluorescence 

intensity of the green channel, representative of integrin 𝛽1 expression. The intensity threshold is 

modified so that it encompasses the FA. Upon obtaining the ‘Segmenting’ mask, the protein area 

is derived using mask statistics. Lastly, to standardize fluorescence readings so that they are 
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independent of cell size, a protein ratio of integrin 𝛽1 is determined by diving the protein area by 

cell area for each cell. These values are recorded and subjected to further statistical analysis, 

using Student’s t-test to create a comparison between young and old cells and the types of 

matrices used.  

2.4.2.2 Fluorescence Intensity Analysis for Confocal Images 

Once the images have been deconvolved and background subtracted, a ‘Z-projection’ is 

created from the stack of optical scans. Mean fluorescence readings are acquired for confocal 

images using a mask that outlines the cytoplasm of the cell. This mask then provides pre-

determined statistical values including cell area, sum intensity and mean intensity. To 

statistically analyze a large number of cells, the mean fluorescence intensity values are calculated 

by dividing the sum fluorescence intensity by the cell area, for each cell. Similarly, these values 

are recorded and subjected to further statistical analysis to create a comparison between young 

and old cells using Student’s t-test.  
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3. RESULTS 

The following sections present the results obtained from the images collected using the 

previously described methods. A comparison between integrin β1 expression for cells plated on 

two different matrix proteins (FN and Coll-I), within young and old VSMC groups, will be 

presented in the subsequent sections.    

3.1 Integrin β1 Morphology at Cell-Matrix Adhesions   

Figure 3.1 shows TIRF representative fluorescence images for integrin β1 in young and 

old VSMC plated on FN and Coll-I matrix proteins. As previously described, TIRF microscopy 

reveals the cellular footprint of integrin β1 at the cell-substrate interface.  

 

Figure 3.1: TIRF images of young and old VSMC plated on FN and Coll-1. The scale bar is 10 𝜇𝑚. 

10 𝜇𝑚 
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The higher fluorescence intensity observed in young cells, in Figure 3.1, indicates an 

increased β1 integrin recruitment at adhesions observed as streak-like fluorescent patches present 

throughout the cell area for VSMC plated on FN. In contrast, the reduced fluorescence intensity 

present at cell adhesions of old cells, indicates an age-induced reduction of integrin β1 

localization at FA in aged VSMC. From a morphological point of view, aging causes a reduction 

of FA present at the basal cell level, mostly aligned along the outer edges of the cell. For cells 

plated on Coll-1, the same trend was recorded; however, the overall VSMC florescence is 

reduced, for young and old groups, in comparison with cells plated on FN.  

The bar graphs presented in Figure 3.2 show the quantitative values of the average 

integrin β1 protein ratio (i.e., protein area/cell area for each cell). A Student’s t-test statistical 

analysis, was used to evaluate the results using a significance level of P<0.05, confirming a 

significant reduction of the average integrin β1 protein ratios between the young and old VSMC 

groups for FN and Coll-1. Thus, integrin β1 integrin recruitment was decreased in old VSMC 

plated on glass dishes functionalized with either matrix.  
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Figure 3.2: (A) Average protein ratio of integrin β1 in young and old VSMC plated on FN. (B) Average protein ratio 

of integrin β1 in young and old VSMC plated on Coll-1. Data shows mean ± SEM.   

Figure 3.3 shows representative fluorescence images obtained using confocal 

microscopy. As previously mentioned, confocal microscopy records the protein fluorescence 

throughout the cell volume. In this figure, the difference in total fluorescence intensity between 

young and old VSMC can be observed for integrin β1 recruitment in both matrix proteins (FN 

and Coll-1) shown as streak-like patches.   

A B 
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Figure 3.3: Confocal images of young and old VSMC plated on FN and Coll-1. The scale bar is 10 𝜇𝑚.  

From Figure 3.3, a high fluorescence intensity is observed in young cells. Conversely, 

old cells display a reduced fluorescence intensity, which is concurrent with an age-induced 

reduction of integrin β1 expression for cells functionalized with both ECM proteins. 

Furthermore, old cells present more adhesions localized along cell edges. 

The bar graph in Figure 3.4 presents the quantitative results of the mean fluorescence 

intensity values of β1 integrin for young and old VSMC plated on glass bottom dishes 

functionalized with either FN or Coll-1.  

10 𝜇𝑚 
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Figure 3.4: (A) Mean intensity in young and old VSMC plated on FN. (B) Mean intensity in young and old VSMC 

plated on Coll-1. Data shows mean ± SEM. 

The intensity values from Figure 3.4 represent the fluorescence observed throughout the 

entire VSMC volume. The morphological changes in old cells correspond to the significant 

difference of the mean integrin β1 intensity between the young and old VSMC groups for each 

matrix, as shown through statistical analysis using Student’s t-test and considering a significance 

level of P<0.05.  

 

  

A B 
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4. CONCLUSION 

Arterial aging represents a major contributor to CVDs present in older populations as it is 

characterized by reduced vessel contractility, arterial stiffening, and endothelial dysfunction. 

(Delp et al., 1995; Kenney & Armstrong, 1996; Dinenno et al., 2002; Qiu et al., 2010). In turn, 

the blood vessel’s inability to properly regulate vessel tone can result in an impaired blood flow 

distribution and a reduced capacity for exercise in elderly (Davy et al., 1998; Musch et al., 2004). 

The correlation between aging and reduced arterial contractility has been associated with a 

phenotypic change in vascular smooth muscle cells, resulting in the decreased ability of cells to 

adapt to external stimuli.  

This study is focused on analyzing the integrin role as a contributor to arterial vasomotor 

dysfunction through the regulation of vascular smooth muscle cells adhesion to extracellular 

matrix components. Specifically, this research focuses on measuring the 𝛽1 integrin recruitment 

at FA for cells plated on glass dishes functionalized with Coll-I and FN. Using TIRF and 

confocal microscopy, 𝛽1 protein expression in VSMC was quantified at sites of cell-matrix 

attachment and throughout the entire cell. The results showed a significantly lower 

fluorescence intensity in old cells, that corresponds to a decrease in integrin 𝛽1 recruitment at 

FA in response to both ECM proteins. According to previous research, the significant decrease of 

integrin 𝛽1 recruitment at cell-matrix adhesions in old cells indicates a reduced cell adhesion to 

the matrix, indicative of a decreased vessel contractility induced by aging.   
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