Chapter 2

Automatic segmentation of lung cancer cells
with the new parameters by using methods of
image processing and analysis.

Przemystaw Jedrusik!, Robert Koprowski', Ilona Bednarek?, and Zygmunt
Wrébel!

Abstract. Modern diagnostic methods allow to get multiple information regarding
research material. This work focused on the development of an algorithm for au-
tomatically determining the correct number of cells. The developed tool allows the
detection of cells as individual objects, searching for the objects significantly larger
than the sought and checking if they were a combination of objects. The algorithm
was based on additional parameters designated in its subsequent steps as well as
their respective correcting claimed searched result. Analyzed a large number of im-
ages, it was found that there is a close relationship between the surface area of the
cells, the degree of extension and the location and correct detection of objects that
are neither a cluster of cells, and nothing significant image artifacts. The developed
algorithm was written using Matlab software.
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2.1 Introduction

The huge number of medical information obtained in the process of computer - as-
sisted acquisition, allows to reach the growing number of different cases. Existing
barriers to obtaining large amounts of data, perform complex and time-consuming
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calculations have been mostly eliminated by including in the process a large com-
puting power of computer equipment. This paper refers to the problems connected
with behavior and relationships between lung cancer cells. Nowadays the problem
of cancer is very timely and important especially. Lung cancers are still at the fore-
front of medical conditions directly threatening the lives of people every year, in
2012 were over 410.000 new lung cancer cases diagnosed [5]. Understanding the
mechanisms of cell behavior significantly affects the effective methods of antitu-
moral immunotherapies. It was not possible to real analyze the different factors
that determine how migration and cell growth without the correct segmentation [8].
Analyzes of changes in saved medical images, are mainly based on the correct sep-
aration of visible cells from the background image. Separation of the course has
a lot of problems regarding the designation of individual cells as separate objects.
This article proposes the use of adaptive method of binarization including the re-
sults obtained after the binarization. The results allow properly direct algorithm by
eliminating objects, which cannot be the ones we are looking for, because of their
morphology.

2.2 Materials in experiment

The study of this work is based on microscopic analysis of medical images A549
lung cancer cells ATCC CCL-185TM. Lung cancer cell line originated from the
group ATCC, grown in accordance with the manufacturer’s instructions. Cell cul-
tures were routinely propagated in a humidified incubator Hera-Cell (Heraeus), at
37°C, in 5% CO2 atmosphere. Cells were grown in RPMI-1640 medium supple-
mented with 10% FBS and gentamicin (20 ug/ml ). Cells were seeded in 12-well
plates to reach confluency. Cells were allowed to growth and migrate for 24, 48
and 72 hours. Cells were visualized under inverted microscope (OLYMPUS BX-
60 microscope with DP50 digital camera) at indicated time points; magnification
100x. The acquisition of microscopic images was performed in the Department of
Biotechnology and Genetic Engineering Medical University of Silesia in Katowice.
Were registered 120 different images. All obtained images is provided in each of
the same area of the cell culture. The images in digital form are saved as a bitmap
with a resolution of 2080x1540 pixels. Pixel of acquired images was dimension of
approximately 10 nanometers in real.All images were analyzed using a proprietary
algorithm, written in Matlab version R2013b software with Image Processing Tool-
box version 8.3. The software was running on a computer with an Intel i5 processor
clocked at 2.6GHz, along with 8GB of DDR3 RAM, serial ATA hard disk drive and
operating system Microsoft Windows 10 Pro (version 1511, compilation 10586.63).
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2.3 Methods

Designed algorithm was divided into 2 stages. In a first step, images treated with the
methods of image analysis (pre-processing). A median filter was used to eliminate
artifacts in the input images. [1][2]. Filter size was matched to the size of objects
that were artifacts of a fixed local window size of 19x19 pixels [7]. The adaptive
binarization method was used in the next step with local window, which size was
adapted to the size of the areas, collections of pixels of brightness changes [3]. Typ-
ically, methods of binarization based on a global binarization threshold determined
for all pixels in the image. Modifications of these methods have been used in the
article, which analyzes an image with the division into regions, were used a local
adaptive thresholding techniques.
An example of input image can be found in Figure 1.

Fig. 2.1: Example source image of lung cancer cells.

0, if  image(x,y) <th(x,y)

1, otherwise, 2.0

i) = {
where rh(x,y) was a threshold for each pixel at location (x,y).
In this paper was used the Sauvola’s method of binarization, based on the stan-
dard deviation and average value of the pixel at a specified point [9].
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Fig. 2.2: Schematic of the proposed algorithm for automatic segmentation of lung
cancer cells.

th(x,y) = m(x,y) {1 +k(“‘(’;y>— 1)} 2.2)

where threshold 74(x,y) is computed using m(x,y) a mean, s(x,y) a standard devia-
tion of the pixel intensities in a w X w window and where R is the maximum value
of standard deviation and £ is a positive parameter to modular according the ana-
lyzed image. In the next stage used morphological operations: erosion and dilation
with selected the structuring element, allowing remove objects that are considered
distortion.
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In the next step specific cell parameters were determined, that represented their
individual properties. According to the proposed algorithm for each of the cells were
determined by the following parameters:

¢ surface area,
 the center of gravity,
* major and minor diagonals.

After considering these parameters were determined by the number of detected
cells and the distance between them, specifically between the centers of gravity of
the cells. The second stage of the algorithm was repeated until the appropriate values
determined parameters. The stop condition for the main loop has been reached a
local extreme value which depended on the average size of detected objects and
the maximum size of the object. Detected objects (cells) had a surface area less 2.5
times than the average cell size in the picture, and had size not less than half the
average size of all detected cells. Characteristic of biological cells is their growth
and division [6]. It was assumed that the cell before division for the next can be more
than 2 times larger than the average cell size, which at this stage does not exhibit
growth or division [4]. Specifically, the object was correctly detected as a single cell,
if the size was less than 2.5 times the average cell size. In analogy, the cells which
surface area were substantially smaller than the average value for all the cells, were
not taken into account. Such objects were treated as artifacts of the image.

Veec (05 “Cneanarea < area(c) <25 'Cmeanarea) , (2.3)

where C was set of all objects (cells), Cpeanarea Was a mean area of all cells in set C.

The research were conducted on a group of 120 pictures cell cultures at differ-
ent times of proliferation. A wide group of input data allowed to obtain the results
shown in the next section of work, and to formulate conclusions.

2.4 Results

Implementation and execution of the designed algorithm for a example input images
allowed to obtain the data. Table 1 contains the partial data, collected for the sample
input image.

Analyzed table containing the results, it was found that the selected parameter
k is associated with an average size of objects and the size of the maximum de-
tected object in the image. The reduction of the average size of the cell area, also
decreases the surface area of the maximum field. Determined the appropriate value
of k, allowed to obtain an information regarding the change of the surface area of all
cells, the average distance between them, the average ratio of the diagonals, and the
amount of detected objects. The designated objects do not differ from each other in
terms of surface area. The shape of the objects was stretched slightly, the ratio of the
diagonals was less than 2. The distance between the cells was significantly higher
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Table 2.1: Part of computed data, automated determine k - value

Kk |cells ™Mean |max cell mean major/minor

area [px]|area [px]|distance [px] axis
110,32 264 662 658 924 1,67
2(0,36( 152 685 677 1026 1,88
3(0,22(225| 1042 1038 699 1,86
410,24 164 | 1181 1172 887 1,97
5(0,18(282 860 854 1024 1,98
6(0,34| 178 832 829 966 1,69
7(0,42( 162 797 788 924 1,79
8/0,38| 224 660 636 1029 1,66
910,26( 197 786 781 1104 1,79

than the average cell size, which leads to the conclusion that there were blank areas

between cells.
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Fig. 2.3: a) mean cells area and area of largest detected cell, b) the absolute value of
the difference between mean cells area and largest detected cell

The figure 3 shows example of the dependence of the average cell size of the area
and the area of the largest cell in the subsequent steps of the loop algorithm.
The figure 4 shows example of the mean distance between cells, mean major
and minor axis ratio and number of cells on iteration steps. For the purposes of that
study, loop was stopped at 20-th iteration.
The figure 5 shows the optimum automatic detection of objects - cell lung cancer.
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Fig. 2.4: a) mean distance between cells, b) mean major and minor axis ratio, c¢)
number of detected cells
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Fig. 2.5: Example of automatic segmentation.

2.5 Discussion

Execution of the algorithm loop allowed to automatically determine the values of k
occurring in the formula (2). In the next iterations, the average value of the cell area
identified as targets has been relevant to the area of the largest object detected. This
means that in each successive iterations of the objects that were detected as signif-
icantly larger than the other were the appropriate parameters change binarization
detected as a greater number of smaller objects. End of the loop gave eliminating
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all objects significantly larger than the mean. New objects do not differ in size from
mid-sized cells. At the same time the objects significantly smaller than the average
size of the cell surface have been removed from the set of designated objects. In ad-
dition, determined the objects characterized by reduced the diagonals ratio, where
it was less than 2. This means that the objects are not too elongated. It was also
observed the relationship between the detection of a valid objects, and the average
distance between them. Changing the average distance between the cells changed in
a linear with minimal inclination of the trend line to the x-axis.

2.6 Conclusions

The proposed algorithm allows automatic adjustment of imaging parameters of cell
cultures. The next steps of the algorithm was based on the information obtained
in the previous steps. Parameters determining the results obtained were: the aver-
age area of cells, the surface area of the cell with the largest distance between the
centers of gravity of the cells, the ratio of the diagonals of the set of cells and the
number of assigned cells. The parameters clearly define the appearance of objects
obtained, the distribution of the image. The entire process runs automatically, al-
lows the analysis of a large number of images. As a tool to assist assessment of
the behavior of tumor cells can be widely applied not only to lung cancer cells, but
also to any other cell line. Naturally you must specify the biological properties of
growing and migrating cells. Determination of the optimal number of cells further,
while maintaining the condition that the cells can overlap or merge. They may not
be properly recognized. Creation of this tool also allows to specify automatically
confluent cells value, which is a very important determinant performed by the in-
vestigator. Information about the confluence was included in the number of cells,
but especially in the distance between them. This means that determination of the
size of the free space between cells - as one of the parameters of this study. This of
course will require the implementation of further research.
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