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ABSTRACT

Clonogenic assay is the gold standard of in vitro cell survival assay in hyperthermia. In this paper, we
developed an image analysis system for automatic cancer cell colonies counting in hyperthermia. HA22T
cell were seeded in 6-well petri dishes and treated at 41-43 °C for 0.5-4h. Cells were incubated for 7 days to
form colonies. After staining, the numbers of colonies by manual counting and by our image analysis
system were compared. As the heating time and temperature increased, the number of colony decreased.
The correlation of manual 1 and system counting was 0.987; manual 2 and system counting was 0.983;
manual 1 and manual 2 counting was 0.971. Our results showed that automatic cell colonies counting by the
image analysis system in hyperthermia is feasible by standard hardware and software. Image analysis
system offers efficient and accurate tool in the research of in vitro hyperthermia.

Key Words: Colony-Forming Units Assay, Cancer, Hyperthermia, Image Interpretation, Computer -
Assisted Methods

INTRODUCTION

Hyperthermia (HT) is gaining wider acceptance in clinical treatments due to the substantial technical
improvements in achieving selected increase of temperatures in superficial and deep-seated tumors. HT
appeared to be effective in cancer treatment (Valdagni, 1990; Falk, 2001 and Moroz, 2001). The
combination of HT and ionizing irradiation (Seong, 1994; Hehr, 2003; Feyerabend, 1997; Overgaard, 1989
and Overgaard, 1996) as well as chemotherapy (Herman, 1994 and Teicher, 1988) has been demonstrated to
be efficacious in a variety of localized neoplasms. Therefore, the need of pre-clinical studies on HT in
treating different cancers is increasing. Rapid and efficient tools of in vitro HT studies are necessary.
Clonogenic assay (Kawada, 2002; Maximilian, 2007 and Berger, 1990) is the gold standard of in vitro cell
(Lokesha, 2011) survival assay in hyperthermia. It is based on the ability of a single cell to grow into a
colony. The clonogenic assay showed better correlation of in vitro study and clinical response. However,
manual counting of cell colonies is time-consuming and laborious.

In this paper, we developed an image analysis system for automatic cancer cell colonies counting in
hyperthermia.

METHODS AND MATERIALS

Cell Culture

Human liver cancer cell line, HA22T, was obtained from the Food Industry Research and Development
Institute (Taiwan, R.0.C.). HA22T cells are poorly differentiated hepatocellular carcinoma, containing
hepatitis B virus integrants. Cells were cultured in DMEM supplemented with 1% glutamine, 1%
non-essential amino acids (NEAA), 1% sodium pyruvate, 1% L-glutamine, 2% penicillin/streptomycin
(Invitrogen, NY, USA) and 10% fetal calf serum (Chemicon, CA, USA). Cultures were incubated at 37°C
under an atmosphere comprising 5% CO, / 95% air.
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Hyperthermia

Cells with 500 cells/ well were seeded in 6-well dishes and incubated at 37°C incubator for 16h to allow
good cell attachment. The plates were sealed and submerged in a water bath (Kansin Instruments Co.,
Taiwan, R. O. C.) at three constant temperatures (41°C, 42.5°C or 44°C) for different time intervals (0, 0.5,
1, 2, 4h). Temperature was monitored with a mercury thermometer. The cells were then incubated at 37°C
for 7 days for the clonogenic assay.

Clonogenic Assay

Preliminary experiments were conducted to optimize cell numbers and incubation time required for colony
formation. Cells were plated at 500 cells per well in 6-well dishes and incubated at 37°C for 16h. Following
HT, cells were incubated at 37°C in 5% CO, atmosphere for 7 days to form colonies. After removing the
media, the cells were washed with PBS and added with 1 ml fixing solution (acetic acid: methanol = 1: 3)
per well to fix cells for 2 to 3 hours. The fixing solution was removed and 1 ml 10% Giemsa solution
(Sigma, St. Louis, USA) per well was added to stain cells overnight. Then the staining solution was
removed. The cells were washed with water and left to dry at room temperature. Finally the cell colonies
were counted under a microscope. Only the colonies that contained more than 50 cells were counted.
Plating efficiency was the number of colonies counted divided by the number of cells seeded. The plating
efficiency varied between the cell lines from 20% to 60%.

Automatic Colony Counting by Image Analysis System

The system'’s process is divided into three parts. The
first part is the rotation and pre-processing of the
scanned culture dish image. The second part is the
extraction and analysis of cancer cell colony features
after staining. The third part introduces the fuzzy
inference system to identify the cancer cell colony
features and count those with more than 50 cancer
cells (See Figure 1). The system was tested on a
notebook with AMD Athlon 3200+ 2.0MHz with
1GB DDR SDRAM. The type of scanner was
Lexmark X83.

Scan: The image of petri dish was captured via a Scanning PetriDish Image Segmentation
scanner (Dahle, 2004). As the culture dish was made
from transparent acrylic, a stable light source was
required to avoid reflection and diffraction. A
scanner was therefore used for image capturing Cancer Cell Colony Feature Extraction and
since the light came directly from overhead. Another Analysis

advantage of the scanner is the fixed focal distance.
With a scanner, the user would not need to adjust the
focus during image capturing.

Image Processing: The system processed the images Fuzzy Inference System for Identification of
in three steps. The first step is the rotation and Cancer Cell Colony and Colony Quantification
pre-processing of the scanned culture dish images.
The shape and size of the culture dishes can be set as
the precedent conditions as they are fixed, then
image processing techniques (Li, 1986; Kanopoulos, 1988; Lv 2002; Gonzalez, 2002 and Zhang) were used
to establish the two longest edges of the culture dish. Since the relative positions of the six wells within the
culture dishes are also fixed, the size and location of them can be established as well. The second step is the
extraction and analysis of cancer cell colony features after staining. The third step is introducing the fuzzy
inference system (Lin, 1996) to identify the cancer cell colony features and count them with more than 50
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cancer cells.

In an image of a culture dish, the cancer cell colony only falls within the six circular wells. The position of
the six wells must therefore be established through image processing.

To detect the circular wells inside the culture dishes, this paper used Hough transform (Rau, 2003) line
detection and bilinear interpolation (Rodrigues, 2002) to rotate the image to the most appropriate angle.
The Hough transform algorithm works as follows:

(1) Determine all of the potential feature points in the image space. These are usually edge or skeleton
points.

(2) Find the feature points in the image space:

(2.1) for each point in the image, calculate the (a', b") for all straight lines that pass through (X, ).

(2.2) Increment the accumulator's (a', b") by one then look for the next feature point.

Repeat steps (2-1) and (2-2) until all feature points have been processed.

(3) Find the maximum value for each region in the accumulator.

(4) Map each maximum region back onto each representative straight line in the image space.

Efficacy Evaluation: The experiment analysis method proposed by (Dahle and Kakar, 2004) was taken into
consideration along with Karl Pearson product-moment correlation. For the product-moment correlation
formula, the sample covariance (Zhan, 2005) must first be determined and this is defined by Equation 1.
The formula for the Pearson product-moment correlation is then as Equation (2), though in practice it can be
simplified to become Equation (3).

2 (s ~x)(%-v)

n-1 )

Oxy =

Here every value X corresponds to a value y‘. X is the mean of X specimens; Y is the mean of Y
specimens; n is the total number of X specimens and by default the total number of Y specimens as well.
Oxy

7 xy :SXSY

.2
Here Y xy is the Pearson product-moment relation; % the specimen co-variance; Sx the standard

deviation for specimen X ; and S the standard deviation for specimenY .

Yy = inyi—(ZXiZyi)/n
VX A

Here every value X corresponds to a value yi. n is the total number of X specimens and by default the
total number of Y specimens as well.

Statistical Methods

All experiments were performed at least triplicate and repeated once. For the clonogenic assay, survival
fractions were calculated as (mean plating efficiency of treated cells/mean plating efficiency of control cells)
100%. The results were expressed as mean + standard deviation. The correlation analysis was determined
by Person correlation. Differences were considered significant when p was less than 0.05. The statistics
software used in this study was SPSS 13.0 (SPSS Inc., USA).

RESULTS
Hyperthermia
HA22T cell were seeded in 6-well petri dish and treated at 41-43°C for 0.5-4h. Cells were incubated for 7
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days to form colonies. Cell survival by manual counting was shown in Figure 2. All experimental

conditions were coded in Table 1. As the heating time and temperature increased, the number of colony
decreased.

1.2 ¢

0 0.5 1 2 4
Heating Time(h)
Figure 2: Survival fractions of HA22T cells in different hyperthermia experimental conditions

Table 1: Codes for all experimental conditions

Heating Time Temperature 3rc Temperature 4rCc Temperature 42.5°C
0.5h T1 T5 T9
1lh T2 T6 T10
2h T3 T7 T11
4h T4 T8 T12

Correlation of Manual Counting and System Counting

To assess the performance of the image analysis system for automatically quantifying cancer cell colony,
the data from the two manual counts and the automatic system count in the experiment were compared as
shown in Table 2. The Pearson product-moment correlation values and the data distribution are shown in
Figure 3-5. The correlation of manual 1 and system counting was 0.987; manual 2 and system counting was
0.983; manual 1 and manual 2 counting was 0.971.
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Figure 3: Correlation between system count and manual count 1
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Figure 4: Correlation between system count and manual count 2
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Figure 5: Correlation between manual count 1 and manual count 2

Table 2: Comparison of the colonies number by manual and the system counting

Experimental Conditions Manual Count 1 Manual Count2 System Count Difference Difference
(M1) (M2) (AL)* (M1-ALAL) (M2-Al/AL)
T1 172 174 176 -1.14% -1.14%
T2 122 124 125 -1.60% -0.80%
T3 32 34 32 -6.25% 6.25%
T4 7 7 7 0% 0%
T5 126 128 127 -1.57% 0.79%
T6 79 85 82 -7.32% 3.66%
T7 15 16 16 -6.25% 0%
T8 2 2 2 0% 0%
T9 88 89 92 -1.09% -3.26%
T10 47 48 46 -2.17% 4.35%
T11 9 10 9 -11.11% 11.11%
T12 3 3 3 0% 0%

*, By our method
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The correlation value I' was between 0.90 and 0.99, indicating a very strong correlation (Zhan, 2005).
Comparison of System Counting by Different Methods

The results counted by our system are compared using the methods proposed by Dahle and Kakar (2004) as
well as Maximilian and Ismat (2007). The difference between the three counting methods and manual count
1, the expert count, is shown in Table 3. Our method showed less difference than the others.

Table 3: Comparison of system counting by different methods

Manual  System  System  System

Countl Countl Count? Count3 Difference  Difference  Difference

Experimental

Conditions =11y Ay (A (A3 (MLI-AUMIL) (MI-A2IMI) (M1-A3/M1)
T1 172 176 177 163 -2.33% -2.91% 5.23%
T2 122 125 128 135 -2.46% -4.92%  -10.66%
T3 32 32 28 40 0 1250%  -25.00%
T4 7 7 8 5 0 -14.29% 28.57%
T5 126 127 120 133 -0.79% 4.76% -5.56%
T6 79 82 73 81 -3.80% 7.59% -2.53%
T7 15 16 18 17 -6.67% -20.00% -13.33%
T8 2 2 2 2 0 0 0
T9 88 92 97 93 -4.55% -10.23% -5.68%
T10 47 46 41 51 2.13% 12.77% -8.51%
T 9 9 8 12 0 11.11%  -33.33%
T12 3 3 3 3 0 0 0

*, By our method
#, By the method of J. Dahle and M. Kakar
$, By the method of N. Maximilian and N. Ismat

DISCUSSION

Our study proposed an efficient method of automatically counting colonies in hyperthermia. This image
analysis system was designed for identifying whether a cancer cell colony contains over 50 cells as well
as for counting how many cancer cell colonies contain more than 50 cells in a culture dish.

By means of digital image process, image differencing is then used to find the cancer cell colonies image.
Our study uses the feature of color model, the area and the fuzzy inference system designed to identify if
the cancer cell colonies contain over 50 cells. The experimental results showed that there is a very strong
correlation between the quantities counted by the system and by manual counting » values all

exceeding 0.9. Therefore system counting has the potential to replace manual counting, reduce the
manpower required for clonogenic assays and accelerate the development of new drugs in hyperthermia.
Accordingly the fuzzy inference system in this paper can be used to distinguish cancer cell colonies to
improve system efficacy in order to avoid missing counts or misjudgments.

CONCLUSION

This system could not achieve a 100% identification rate because the counts were based on the empirical
observation. This meant that uncertainties tended to emerge where two colonies overlapped. Some
considered them as two colonies, while others treated them as one. In our experience, a joined region with
no more than 300 cells (or 150 image pixels) can't be visually separated into two colonies as one single
colony.

As for the Maximilian and Ismat (2001) method, the greatest difference between the results was on average
in experimental environments Tcl, Tc2, Tc4, Tcb and Tcll. This was because the use of gray level image
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processing led to the lost of color data, so surface area was used directly to determine if a candidate region
exceeds 50 cells. The problem with this method is with two special cases previously mentioned. The first is
a high density of cells, leading to a very small surface area that contains over 50 cells and therefore should
be counted; another case is where the cells are distributed too sparely so there aren't 50 cells but it is still
counted anyway. These cases can all be handled by the method proposed in this paper.

Our technique demonstrated that automatic counting colonies are achievable by standard desktop scanner
and image analysis system. Using image analysis system will make basic research of in vitro hyperthermia
more efficiently.
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