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Abstract: The aim of this work was to develop a simple and fast technique for spatial
visualisation of colour cell specific markers in digital microscopy. Colour light microscopy
images were transformed into their spatial representation by introducing image brightness
as the third dimension. Based on spatial representation, the expression of selected colour
specific markers was assessed by their surface, volume, area fraction and colour intensity. This
technique was implemented for quantitative analysis of expression of PCNA, Ki67 and bcl-
2 in chronic parathyroiditis cases. Comparing to standard, colour sampling techniques, the
presented method based on spatial visualisation of the expression of markers in tissue sections,
seems an effective and practical application in objective assessment of their distribution in the
investigated material.
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1 Introduction

The ability of computers to display high resolution graphics and digitally stored im-

ages has greatly enhanced the analysis and interpretation of visual data. In particular,

medicine continuously forces a development of new insights and methods for diagnosis.
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The volumetric image data sets are inherently three-dimensional, and so the most natural

way of looking at it is to computationally reconstruct the spatial structure and exploit

all three dimensions for display and interaction with the data [1]. Spatial models have

become an important branch of scientific endeavour over the last years. Looking at the

appealing results in the field, the interest in spatial visualisation is continuously growing,

in particular in quantitative studies of colour specific structures in tissues, cells, molecules,

etc. Therefore, we decided to work out a simple and fast technique to measure colour

specific structures in raw digital images [2].

If we want to process colours, we need to quantify them. A qualification like deep

brown or yellowish brown to grayish yellow is not understood by computer, but a de-

scription like a vector of numbers (218, 179, 205) can be useful for computer processing

and analysis of colour images. There are three basic colours: red, green and blue. A

lot of other colours can be composed by combining these three colours. A colour space

RGB is a collection of numbers, describing a lot of colours. These are numbers for red

(R), green (G) and blue (B), with a minimum of 0 and a maximum of 255. Different

image processing systems use different colour spaces for different reasons. A number of

digital cameras and computer graphics systems use the RGB colour model. However,

systems that must manipulate hue (H), saturation (S), and intensity (I) separately, use

the HSI colour model. When using the HSI colour space, we do not need to know what

percentage of blue or green is to produce a colour. We simply adjust the hue to get the

colour we wish. To change a deep red to pink, adjust the saturation. To make it darker

or lighter, alter the intensity. Brightness is defined as the sum of the colour values of a

pixel, divided by the number of colour components, i.e. (R+G+B)/3 while the intensity

is the average of the brightest and darkest colour values in a pixel, i.e. (max(R,G,B) +

min(R,G,B))/2. Saturation (S) and hue (H) can be calculated according to the following

formulas [3]:

S=1 – 3 • min(R, G, B)/(R+G+B)

H = cos−1{ [ ((R-G)+(R-B))/2] / [ (R-G)2 + (R-B)(G-B) ] 1/2 }
If B is greater than G, then H = 360 ◦– H

The aim of this paper is to present an algorithmic approach for the spatial visualisation

of colour markers in digital micrographs and its implementation for image analysis of

proliferating cell nuclear antigen PCNA, cell proliferation marker Ki67 and bcl-2 protein

as cell apoptosis marker in chronic hyperthyroiditis cases.

2 Method of image analysis based on spatial visualisation of

markers

Quantitative image analysis relay on the operator to define the structures of interest

interactively and/or automatically. Frequently, it makes potential problems caused by

biased segmentation of structures of interest in raw colour images. Therefore, we decided

to expand colour specific markers visible in micrographs into the third dimension. The

method briefly outlined below was programmed in C++ language by Strzelczyk.
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2.1 Spatial visualisation of planar images

Let I [n × m] denote a colour microscopy image of size n x m pixels. A pixel P(x, y) of

the image is converted into a voxel V(x+1-0.5n, y+1-0.5m, z) for the coordinates x=1,

. . . , n-1 and y=1, . . . , m-1, the coordinate z is established as the brightness associated

with the colour of the pixel P(x, y) in HSI colour space.

To rotate image around OX, OY and OZ axes, the coordinates were computed by

using the following formulas [4]:

// rotation around OX axis

x’=x; y’ = ycos(φx)-zsin(φx); z’= ysin(φx)-zcos(φx);

where φ dentoes the rotation angle;

// rotation around on OY axis

x’ = xcos(φy)-zsin(φy); y’=y; z’ = xsin(φy)-zcos(φy);

// rotation around on OZ axis

x’ = xcos(φz)-ysin(φz); y’ = xsin(φz)-ycos(φz); z’=z.

For orthogonal projection of spatial images onto a plane, the coordinates were calcu-

lated according to the following formulas:

x”=x’/z ·D and y”=y’/z ·D,

where D is a value calculated directly in the computer program to simulate a perspective

view and depends on the selected angle and the size of the spatial image. If the created

spatial image is not resized and rotated, then D=1.

2.2 Reducing scenery behind objects of interest

To extract object of interest from images, for instance cell-specific markers, we first fixed

limits for hue, saturation and intensity of colours representing the markers. The limits

constituted colour thresholds on the basis of markers’ hue, saturation and intensity values.

The thresholds of colours and their brightness were settled for each series of images

acquired from the investigated material. If some images required corrections, we only

adjusted saturation and/or intensity limits. The remaining image elements were settled

to the lowest value of hue, saturation and intensity, resulting in a flat, horizontal surface.

2.3 Computation of objects’ surface, volume and area fraction

The surface of extracted objects of interests (S) was computed as the total number of

pixels belonging to the segmented objects. To compute the total volume (V) of the

marker, the volume of each solid figure of objects of interest (markers) was divided into

volumes of small prisms and pyramids and summed up. The orthogonal projection of the

surface was then done to assess the area fraction of positive reaction (as the percentage

of the projected pixels in colours representing the reaction in the analysed image).
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2.4 Quantification of colour intensity of the marker

Assuming that the maximum intensity of colour of the marker cannot exceed 255 and the

thickness of all histological sections is the same, the expression of marker colour intensity

was assessed as the ratio of the volume V / 255.

2.5 Assessment of correlation between results of the spatial visualisation

method versus standard colour sampling technique

The same specimens were evaluated by standard colour sampling method available in most

of commercial image analysis programs. Pixels in typical colours for the immunohisto-

chemical reaction, were selected by an ”eye dropper tool” in Adobe Photoshop program.

The number of selected pixels was read from the histogram of colours and their per-

centage per section was then determined. To study a variability of measurements within

samples, three cases were selected for five repeated measurements of bcl-2 protein, as the

most complex marker for quantification. The mean value of extracted markers area, its

standard deviation and coeffcien of variation (CV) were then computed.

The linear correlation coefficient was calculated to investigate the one to one consis-

tency between the area fraction of positive reaction derived by method based on spatial

visualisation and by colour sampling technique. Moreover, Wilcoxon test was used to

compare area of the marker per image and relative area of the marker per case measured

by using both methods. The results were accepted as significant when significance level

p<0.05.

3 Implementation

The method of spatial visualization described in this paper was implemented for analysis

of expression of proliferating cell nuclear antigen PCNA as well as Ki67 and bcl-2 proteins

in hyperparathyroiditis cases.

3.1 Material

Our study was conducted on resected parathyroid glands from twenty patients with focal

chronic parathyroiditis. Tissue samples from each case were first fixed for 24 h in 4 % neu-

tral buffered formalin. Material for immunohistochemistry was fixed in Bouin’s solution

for 24 h, dehydrated and embeeded in paraffin. After paraffin embeeding, sections of 4 μm

thickness were dewaxed and processed according to avidin-biotin/peroxidase (ABC) tech-

nique using monoclonal mouse anti-human bcl-2 oncoprotein (DakoCytomation, Denmark

A/S, Code No. M 0887), monoclonal mouse anti-human Ki-67 antigen (DakoCytomation,

Denmark A/S, Code No. M 7240) and monoclonal mouse anti-proliferating cell nuclear

antigen PCNA (DakoCytomation, Denmark A/S, Code No. M 0879). Reaction of en-

dogenous peroxidases was abolished with 3 % H2O2. prior to incubation with antibodies.
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The reaction with antibodies required pretreatment of the slides with microwaves (96 ◦C,

citrate buffer, 12 min). The activity of peroxidase was detected using DAB-93.9 (Dako-

Cytomation, Denmark A/S). Cell nuclei were treated with hematoxyline for 1 min. The

immunohistochemical reactions were studied in a digital light microscope running under

Motic Images v. 1.2 software (Micro Optic Industrial Group Co). From each case, fifteen

images of 640×480 pixels (at 400× magn.), were acquired and stored on a computer disk

for the quantitiative analysis.

3.2 Results

3.2.1 Visualization and segmentation of PCNA

Proliferating cell nuclear antigen PCNA serves as an important prognostic factor in the

evaluation of more advanced changes progressing to possible carcinogenic process when

compared to healthy or untreated tissues and cells. A raw micrograph is presented in

Figure 1. A spatial visualisation of PCNA marker is presented in Figure 2. The spatial

representation of proliferating cell nuclear antigen allowed us to compute the value of

the marker colour expression, which was on average 135 in all studied micrographs. It

gave 56.8 % of possible maximal colour intensity. Expression of the proliferation marker

shown in Figure 1 was stronger than average (165, i.e. 64.7 % of possible maximal

marker intensity). To compute the area of the marker expression, the spatial image was

projected onto the plane (Figure 3) and the total area of the marker was derived. The

area fraction of PCNA was 16.9 % in hyperparathyroiditis cases analysed by the spatial

method presented in this paper. The correlation coefficient of these results and results

obtained with the standard colour sampling was 0.96 (p<0.0001). Differences between

PCNA area per image and the relative marker area per case were not significantly different

in colour sampling method and spatial visualisation technique, as indicated the Wilcoxon

test (p>0.05).

Fig. 1 PCNA in raw micrograph of a parathyroid gland.
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Table 1 Quantitative measurements of PCNA in twenty chronic parathyroiditis cases.

Spatial visualisation Colour sampling
method method

Marker measurements Mean SD Mean SD

Surface [µm2]
per image 4668 4571 – –

Volume [µm3]
per image 663210 626034 – –

PCNA Area [µm2]
per image 2211 2087 2299 2022

colour intensity
of the marker (%) 56.8 9.3 – –

relative area of
the marker per case (%) 16.9 16.0 17.5 15.5

Fig. 2 Spatial visualisation of PCNA presented in Figure 1.

3.2.2 Visualization and quantification of Ki67

Cell proliferation is considered as the important factor in carcinogenesis, but its role

in chronic hyperthyroiditis is less explored. Therefore, the expression of Ki67 protein

was studied in our material. Figure 4 presents a raw micrograph of Ki67 expression in

chronic hyperthyroiditis, its spatial visualisation is presented in Figure 5 while Figure 6

shows the orthogonal projection of the spatial vision in Figure 5. The expression of Ki67

proliferation marker ranged in our material from 114 to 165 (i.e. from 44.7 % to 64.7

% of maximal possible intensity of the marker colour). The intensity of the proliferation

marker in Figure 4 is 156 (61.2 % of maximal marker intensity).

Area fraction of Ki67 protein ranged from 0.003 to 0.005 per 1 μm2. The correlation

coefficent between the results derived with the spatial visualisation technique and the

results of standard method was 0.97 (p<0.0001). Differences between Ki67 area per image

and the relative marker area per case were not significantly different in colour sampling

method and spatial visualisation technique, as indicated the Wilcoxon test (p>0.05).
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Fig. 3 Segmented cell nuclei with PCNA after orthogonal projection of their spatial

representation.

Table 2 Quantitative measurements of Ki67 in twenty chronic parathyroiditis cases.

Spatial visualisation Colour sampling
method method

Marker measurements Mean SD Mean SD

Surface [µm2]
per image 1252 775 – –

Volume [µm3]
per image 198555 123591 – –

Ki67 Area [µm2]
per image 662 412 753 520

colour intensity
of the marker (%) 62.1 6.3 – –

relative area of
the marker per case (%) 5.1 3.2 5.8 3.9

3.2.3 Spatial segmentation and quantification of bcl-2 protein

Cell death is also considered to play an important role in carcinogenesis. Its significance

in chronic hypethyroidits was studied in our material based on the expression of bcl-2

protein. Figure 7 presents a raw micrograph of bcl-2 expression, Figure 8 its spatial

visualisation and Figure 9 the orthogonal projection of the expression in Figure 8. The

application of the spatial method for the quantitative evaluation of the expression of

bcl-2 protein was particularly useful in our material because of its fuzzy and clustered

distribution. Colour intensity of the marker ranged from 125 to 134 (i.e. 47.0 % to

52.5 % of maximal marker intensity). The area of this marker ranged from 0.02 to 0.10

per 1 μm2. The correlation coefficient between the results of the method presented in this
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Fig. 4 Ki67 protein in raw micrograph of a parathyroid gland.

Fig. 5 Spatial visualisation of Ki67 protein presented in Figure 4.

Fig. 6 Segmented Ki67 after orthogonal projection of its spatial representation.

paper and the standard colur sampling was 0.91 (p<0.001). Differences between bcl-2

area per image and the relative marker area per case were not significantly different in
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colour sampling method and spatial visualisation technique, as indicated the Wilcoxon

test (p>0.05).

Table 3 Quantitative measurements of bcl-2 in twenty chronic parathyroiditis cases.

Spatial visualisation Colour sampling
method method

Marker measurements Mean SD Mean SD

Surface [µm2]
per image 17592 6985 – –

Volume [µm3]
per image 2245775 990909 – –

bcl-2 Area [µm2]
per image 7486 3303 7711 3435

colour intensity
of the marker (%) 49.2 5.4 – –

relative area of
the marker per case (%) 57.3 25.3 59.1 26.3

Fig. 7 Apoptosis marker (bcl-2 protein) in raw micrograph of a parathyroid gland.

3.2.4 Variability of measurements within samples

To study a variabilty across measurements within a sample, three cases were randomly

selected for repeated measurements of bcl-2 protein. The obtained results, presented in

Table 4, show quite high value of the coefficient of variation (CV) in case A.
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Fig. 8 Spatial visualisation of bcl-2 protein presented in Figure 7.

Fig. 9 Segmented bcl-2 protein from its spatial representation.

Table 4 Results of repeated measurements of bcl-2 area by using colour sampling method.

Area of bcl-2 per image [µm2] mean SD CV (%)

case A 5120 4850 5018 4867 3910 4753 484 10.19
case B 7532 7021 6805 7623 6743 7145 410 5.73
case C 9814 8675 8865 9100 9350 9161 444 4.85

4 Final comments and discussion

Image analysis methods, useful for semi or fully automatic quantification of colour mark-

ers, often met problems with automatic extraction of objects of interest [5, 6], in particular

bcl-2 protein, which is in light colours and fuzzily distributed.

There are two main sources of these difficulties. First, methods of objects’ extraction,

performed on images converted to grey level scale, present several limitations related

with various colour intensities of the staining [7]. When colours of extracted markers are

slightly different than background colours of investigated material then, discarding colour

information causes serious problems in marker recognition. Second, methods of objects’
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extraction, based on colour sampling by using “the eye dropper” tool, are very laborious

and time consuming. Sometimes, colours of the reaction are difficult to differentiate from

some background colours. In these cases, the colour sampling needs to be repeated again

or the staining procedure should be improved. In our paper, the distribution of bcl-2 in

parathyroid glands was quantified also by colour sampling with “the eye dropper” tool

in image analysis program (Adobe Photoshop). This procedure was repeated sometimes

three times and averaged to get more consistent results. Results of repeated measurements

(Table 4) show quite high variablility in case A. It appeared often in our first attempts of

quantitative studies of complex structures and therefore, encouraged us to create a new

procedure, which will allow us to get the same resutls with the fixed colour parameters.

This was the main motivation to work out our spatial visualisation technique. Measure-

ments performed by the method based on spatial visualisation technique are repeatible,

because the intervals set for colour intensity, hue and saturation are the same for series

of images. These intervals need to be preliminarily defined during the learning session of

typical images selected from the investigated material. Then, the analysis of all acquired

images can start. When necessary, the parameters could be corrected for certain images.

The advantage of this method is that the correction does not touch each image, like in

method based on colour sampling. In our study, results of both methods were rather

consistent as indicated by the correlation coefficients and the Wilcoxon test. However,

the use of colour sampling was time consuming and required several attempts to extract

marker expression properly [6, 7]. The use of the technique based on spatial visualisation

made the analysis easier and usually, four times faster, depending on the complexity of

the material and quality of the immunostaining. Approximately, fifty images per hour

can be quantified when their complexity is comparable with the image in Figure 7.

Processing images in HSI colour space by using the spatial visualisation method, we

simply adjust the hue to get the colour of the marker. Introducining brightness as the

third dimension, we can visualise deepness of selected colours in form of spatial ‘hills’ on

the basis of their average intensities. Taking intensity as the third dimension will rather

result in visualisation of lightest and darkest tones of selected colours. Therefore, in our

paper, the strength of the reaction was asessed based on the intensity of its colour, while

the marker area was derived on the basis of its brightness. Routinely, the expression

of immunohistochemical markers is evaluated visually by semi-quantitative assessment of

marker strength, expressed in scores, usually from 0 to 4 [8]. However, in our opinion, the

use of the method based on spatial visualisation, for the evaluation of colour intensity, is

more objective. Therefore, we decided to use it for raw color light microscopy images. It

is very difficult to compare how our results are consistent with other publications, because

the evaluation of markers in thyroiditis cases was usualy performed semi- quantitatively,

on the basis of morphological criterions defined in various ways [9–11]. However, in the

mentioned papers, it is indicated, that Ki67, PCNA and bcl-2 may provide additional

information to help distinguish between difficult cases of parathyroid chronic diseases and

carcinomas. The expression of these markers shown in our study can also confirm these

findings.
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5 Conclusion

Concluding, the method based on spatial visualisation of colour reaction, presented in

this paper, improves the visibility of cell proliferating and apoptosis markers in studied

specimens and enables their fast quantification.
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