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ABSTRACT 

 
Atomic force microscopy (AFM) has become an 

important device to visualize various cells and biological 
materials for non-invasive imaging. The major advantage of 
AFM compared to the conventional optical and electron 
microscopes is its convenience.  Sample preparation for 
AFM does not need special coating or vacuum as a 
procedure. AFM can detect samples even under the aqueous 
condition. In this experiment, we examined live cell in 
liquid condition where the cell could be easily deformed by 
AFM probe, even by low forces. 

Glomerular mesangial cells (MC) occupied central 
position in the glomerulus. It is known that MC can control 
not only glomerular filtration, but also cell response to local 
injury including cell proliferation and basement membrane 
remodeling. It was reported the increment of angiotensin II 
by activation of rennin angiotensin aldosterone system 
(RAAS) caused abnormal function of MC. 

In this study, the imaging of live MC was investigated 
thoroughly by contact mode. Real time imaging of live cell 
suggested dynamical movement of cells was stimulated by 
angiotensin II injection. Simultaneously, elastic changes of 
MC by angiotensin II and angiotension II inhibitor 
(telmisartan) was revealed by using force-distance analysis. 
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1 INTRODUCTION 
 
The atomic force microscopy (AFM) has become an 

important tool for non-invasive imaging of various cells 
and biological materials since its invention in 1986 by 
Binnig et al [1]. The major advantages of AFM over 
conventional optical and electron microscopes for imaging 
cells included the fact that no special coating and vacuum 
were required and imaging could be done in all 
environments – air, vacuum or aqueous condition. The 
AFM imaging of live cells under physiological condition is 
more complicated and challenging even for experts because 
cells are soft and easily detached from the substrate. To 
prevent the detachment of cells during AFM imaging, many 
researchers utilized cell fixation methods such as chemical 
fixatives, micropipettes, trap by agar and the pores of filters 

[2-4]. However, as a result of the fixation, the artifact and 
depression were reported during the sample preparation or 
the measurement process [5]. Murphy M.F. et al. reported 
that successful imaging of live human cells using AFM was 
influenced by many variables including cell culture 
conditions, cell morphology, surface topography, scan 
parameters and cantilever choice [6].  

The glomerular mesangial cell (MC) occupies a central 
anatomical position in the renal glomerulus. The MC not 
only can control glomerular filtration, but may also be 
involved in the response to local injury such as cell 
proliferation and basement membrane remodeling [7]. 

 Angiotensin II, a potent vasoconstrictor, has a key role 
in renal injury and in the progression of chronic renal 
disease of diverse causes [8]. 

In this study, we performed the imaging of live MC by 
contact mode AFM. From real time imaging of live cell, we 
measured the dynamical movement and mechanical change 
of cells by stimulus such as drug injection. 

 
2 MATERIALS & METHODS 

 
2.1 Cultured Mesangial Cells 

Sprague-Dawley (SD) rats (150~200g) were recruited 
for glomerular cell culture. Glomeruli were isolated from 
their kidneys by the common sieving method through serial 
steel meshes. Completely purified glomeruli were collected 
by a micropipet and used for primary culture. Dulbecco’s 
Modified Eagles’s Medium (DMEM) supplemented with 
20% fetal bovine serum (FBS), 10 mg/mL bovine insulin, 4 
mmol/L glutamine and antibiotic-antimycotic and 5.5 
mg/mL human transferring) was obtained for the primary 
cell culture medium. Cells were identified as MCs by their 
spindle shape in phase contrast microscopy, as well as 
positive staining with anti-smooth muscle actin and 
negative staining with cytokeratin, and common leucocyte 
antigen antibodies in immunofluorescent microscopy. We 
used the MCs from the rat between 4th and 9th passages. 
 
2.2 Preparation for AFM Measurement 

Contact mode AFM images and force-distance curves 
were obtained using the NanostationⅡ TM (Surface Imaging 
Systems, Herzogenrath, Germany). Data acquisition and 
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processing were performed by the SPIPTM (Scanning Probe 
Image Processor, version 4.1, Image Metrology, Denmark). 
Live MCs were scanned at the resolution of 256×256 pixels 
with scan speed of 3 line/s. We used the gold coated silicon 
cantilevers for contact mode and the loading force was 
adjusted to below 2~3nN. In order to detect real time cell 
response, angiotensin II and Telmisartan (Sigma, St. Louis, 
Missouri, USA) were applied at a concentration of 5µM. 
Once a live cell was identified using the imaging mode, 
locations for force data were selected. After force curve 
acquisition was completed, a subsequent image was 
obtained to make sure that the cell had not shifted.  

  
3 RESULTS 

 
Figure 1 shows the topography image of live MC in 

DMEM medium buffered with a HEPES. It was reported 
that MCs possessed some of the morphological 
characteristics of vascular smooth muscle cells (SMC), 
such as bundles of actin filaments. [9] As shown in Figure 1, 
the images exhibited features associated with cytoskeletal 
structures, such as actin filaments and other filamentous 
elements.  

 

 

 
Figure  1 : The topography images of live mesangial cells in 

DMEM medium buffered with HEPES. 
 

Figure 2 shows the effect of angiotensin II on MC from 
a time series of deflection images of live MC. MC was 
gradually contracted towards the center with the passage of 
time after angiotensin II addition.  

 

 
Figure  2 : Time series of deflection images of live MC by 

1µM angiotensin II addition (left) before adding 
angiotensin II (right) 15min after adding angiotensin II. 

 
Force curves can provide useful information about the 

physical properties of a cell. [10] The slope of extension 
curve was used to determine the stiffness of the cell. As 
shown in Figure 3, MC treated with angiotensin II was 
stiffer than control MC. But MC treated with angiotensin II 
and angiotensin II inhibitor (telmisartan) was not as stiff as 
angiotensin II-treated MC.  
 

 
Figure  3 : Representative extension curves of force-

distance analysis for mesangial cells 
 

4 CONCLUSION 
 
To our knowledge, this study was the first one tried to 

image live mesangial cells in the glomelulus by AFM. In 
order to detect real time cell response, we successfully 
observed the topography changes of MC by angiotensin II 
injection, in particular on cytoskeletal dynamics in MC. 
Simultaneously, elastic changes of MC by angiotensin II 
and angiotension II inhibitor (telmisartan) was revealed by 
using force-distance analysis. From this result, we conclude 
that the contraction of MC by angiotensin II was effectively 
blocked by telmisartan.  
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