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Background: There is a subjective disagreement about nuclear chromatin in the field of patholo-
gy. Objective values of red, green, and blue (RGB) light intensities for nuclear chromatin can be
obtained through a quantitative analysis using digital images. Methods: We examined 10 cases
of well differentiated neuroendocrine tumors of the rectum, small cell lung carcinomas, and mod-
erately differentiated squamous cell lung carcinomas respectively. For each case, we selected 30
representative cells and captured typical microscopic findings. Using an image analyzer, we de-
termined the longest nuclear line profiles and obtained graph files and Excel data on RGB light
intensities. We assessed the meaningful differences in graph files and Excel data among the three
different tumors. Results: The nucleus of hematoxylin and eosin-stained tumor cells was express-
ed as a combination of RGB light sources. The highest intensity was from blue, whereas the low-
est intensity was from green. According to the graph files, green showed the most noticeable
change in the light intensity, which is consistent with the difference in standard deviations. Con-
clusions: The change in the light intensity for green has an important implication for differentiat-
ing between tumors. Specific features of the nucleus can be expressed in specific values of RGB
light intensities.
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Diagnosing malignancy is an important part of pathologists’
work. In analyzing the morphologic features of malignant cells,
one must first recognize abnormal features of the nucleus. The
features of the nucleus indicating malignancy can be summa-
rized as enlarged nuclei, hyperchromasia, irregularities in the
nuclear membrane, coarse chromatin, and prominent nucleoli.
However, there is no objective definition of abnormal features
of the nucleus, and there are interobserver variations in the in-
terpretation of such features. With recent advances in informa-
tion and technology, one can substitute digital images for light
microscopic findings from hematoxylin and eosin (H&E)-stained
slides and translate the nuclear chromasia observed under the
light microscope into a combination of red, green, and blue
(RGB) light sources for digital images."” In this regard, this
study obtains the objective values of RGB light intensities for
digital images of well differentiated neuroendocrine tumors
which show finely granular nuclear chromatin structures and
compares the results with those of other tumors. To examine
the irregularities in the chromatin structure, this study employs
small cell carcinomas for homogeneous and least coarse chroma-
tin structures and squamous cell carcinomas for the moderately
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irregular and coarse chromatin structures.
MATERIALS AND METHODS

We employed 10 cases of well differentiated neuroendocrine
tumors of the rectum, 10 cases of small cell lung carcinomas,
and 10 cases of moderately differentiated squamous cell lung
carcinomas. We cut formalin-fixed, paraffin-embedded tissues
into 3-pm sections, and stained all sections simultaneously by
using H&E under standard conditions. We reviewed the slides
on an Olympus BX51 microscope (Olympus Corp., Tokyo, Ja-
pan) with the 40 x magnification of the apochromatic objective
lens and a 0.85 numeric aperture. We maintained the same light
source conditions throughout the analysis. The neuroendocrine
tumors showed monotonous tumor cells with a finely granular
nuclear chromatin structure on the H&E stain and positivity
for neuron specific enolase, chromogranin, and synaptophysin
on the immunostain. The small cell lung carcinomas showed
homogeneous hyperchromatic molding nuclei, with positivity
for thyroid transcription factor-1 (TTF-1), and the squamous
cell lung carcinomas showed individual cell keratinization and
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intercellular bridges, with positivity for p63. We captured digi-
tal images (1,360 1,024 pixels) of typical areas of each tumor
by using an Olympus DP71 digital camera (Olympus Corp.)
and saved the images in TIFF format. For each case, we selected
30 representative tumor cells that did not overlap one another
and preserved clear nuclear membranes with fine chromatin.
For each cell, we determined the longest line profile by using a
computerized image analyzer (Image Pro program Plus ver. 6.5,
Media Cybertics Co., Silver Spring, MD, USA) and obtained
graph files and Excel data on RGB light intensities. For graph
files, we attempted to obtain different findings for certain tu-
mors without any clinical information. For Excel data, we ob-
tained 30 data sets of line profiles for each case and total 900
data of line profiles were available. Each Excel data set of line
profiles was composed of the values of RGB light intensities,
and we analyzed a total of 2,700 data sets of RGB light intensi-
ties obtained from the 900 data sets of line profiles. We mea-
sured the mean and standard deviation (SD) of RGB light in-
tensities for line profiles for each type of tumor. For statistical
analyses, we conducted an ANOVA and considered p<0.05 to
be significant.

RESULTS

We expressed the purple color of the nuclei of H&E stained
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tumor cells as a combination of RGB light sources. Among
these light sources, blue provided the highest intensity, whereas
green, the lowest intensity. In each case, the patterns and values
of means and SDs of RGB light intensities for the 30 cells var-
ied (Table 1). There were significant differences in RGB light
intensities among well differentiated neuroendocrine tumors of
the rectum, small cell lung carcinomas, and squamous cell lung
carcinomas (Table 2).

In terms of graph files, small cell lung carcinomas showed a
relatively flat pattern of RGB light intensities (Fig. 1A). How-
ever, with increased irregularities in chromatin in neuroendo-
crine tumors and squamous cell carcinomas, green showed dis-
cordant fluctuations in light intensities, and red and blue showed
generally similar patterns (Fig. 1B, C). In terms of the differen-
tiation between the three types of tumors, the change in the light
intensity for green was the most meaningful result for graph files,
and this may be related to the significant difference in SDs of
light intensities for green based on Excel data.

DISCUSSION

Recognizing various features of the nucleus is an important
part of cellular pathology. Some tumors show specific diagnos-
tic features of the nucleus, such as ground glass nuclei or salt
pepper nuclei. However, because of a lack of correlations be-

Table 1. Means and standard deviations of RGB light intensities in each case of neuroendocrine tumors, small cell carcinomas, and squa-

mous cell carcinomas

Case Neuroendocrine tumor Small cell carcinoma Squamous cell carcinoma
No. Red Green Blue Red Green Blue Red Green Blue
1 170.03+3.77 76.88+6.86 190.76+1.69 132.54+10.63 25.56+10.63 156.61+9.39 173.00+7.36 74.31+13.39 183.14+4.88
2 17459+6.67 93.03+5.63 194.05+3.81 161.64+10.47 54.20+10.47 183.30+5.33 169.72+5.71  83.09+11.04 182.98+3.46
3 169.49+5.27  76.78+14.43 192.30+2.77 143.95+10.55 39.58+10.55 166.86+9.30 171.96+5.70 78.08+13.35 178.13+5.37
4 170.16+4.00 89.00+11.24 19458+2.54 140.64+14.28 30.32+8.62 164.03+9.94 167.07+6.45 78.52+13.26 182.53+4.01
5 1756.37+4.46 86.63+10.70 194.93+2.37 146.82+10.03 33.08+8.07 162.96+7.46 171.89+559 73.61+10.60 180.22+4.36
6 161.69+5.34 7213+9.67 184.73+3.34 155.083+13.01 44.22+9.37 171.20+9.02 172.98+6.561 8224+11.40 178.99+4.48
7 17429+6.13 89.12+12.28 192.93+3.71 13521+10.90 37.34+7.14 152.88+8.42 174.42+529 108.04+12.78 186.18+3.83
8 1756.93+4.58 79.75+11.68 190.00+3.37 141.63+11.88 42.30+9.69 143.45+7.89 168.60+8.01 84.85+15.49 183.06+4.83
9 145.73+7.60 40.33+7.85 171.12+523 151.06+9.72  41.84+8.74 148.48+7.32 166.64+9.00 69.88+15.85 174.70+6.50
10 181.87+4.88 129.00+11.55 185.06+3.47 154.96+8.38  55.16+12.30 165.25+5.39 159.11+7.12 72.68+12.79 172.08+4.34
RGB, red, green, and blue.
Table 2. Comparison of RGB light intensities among three tumor groups

Red p-value Green p-value Blue p-value
NET 169.91+10.91 <0.001 83.27+23.70  <0.001 189.05+7.66  <0.001
SCC 169.54+7.93 80.53+16.50 180.20+6.17
SqCC 146.35+14.41 40.36+13.12 161.50+13.61

Data shown as mean + standard deviation. A one-way analysis of variance (ANOVA) is used for comparing the parameters for multiple groups.
The p-value< 0.05 is considered to be significant.
RGB, red, green, and blue; NET, neuroendocrine tumor; SCC, small cell carcinoma; SqCC, squamous cell carcinoma.
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Fig. 1. Graph files of (A) small cell carcinoma, (B) neuroendocrine tumor, and (C) squamous cell carcinoma.

tween descriptive terms and reproducible objective values of
the nucleus, there is some interobserver discrepancy in the in-
terpretation of various features of the nucleus. Recently, with
the development of quantitative pathology based on digital im-
ages, nuclear features can be quantified based on relatively ob-
jective values. This has opened a new era in which image analy-
sis tools may enhance reproducibility in the interpretation of
morphologic findings, complementing subjective assessments
by researchers. This idea has already been incorporated into many
automated instruments.®’

A number of studies have provided quantitative estimates of
various parameters of the nucleus, including its area and vol-
ume, the size of nucleolus, and mitosis, and demonstrated some
correlations between such parameters and biological activity.
However, few studies have focused on nuclear chromasia.®!?
Recognizing that all colors in a digital image reflect some RGB
combination and that digital images can be converted into nu-
merical values of RGB light intensities, we examined the dif-
ference in light intensities between three types of tumors. The
results indicate that the highest intensity was from blue, where-
as the lowest intensity was from green. This may be because the
purple color of the H&E stain is a mixture of blue and red with
more blue than red.
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We compared the results for graph files with those by Excel
data and found that the SD of light intensities for green seemed
to be responsible for the change in light intensities for green in
graph files. Because the SD indirectly indicates how different
from the mean value, the irregularities in hyperchromatic and
hypochromatic patterns of the nucleus may be related to SD,
not to the mean. In this study, we evaluated the data by consid-
ering only means and SDs simply, later a kind of mathematical
function relation using values of RGB light intensities stressing
the SD would be an important factor in the recognition of ab-
normal chromatin.

Different values of RGB light intensities for a particular tu-
mor may be due to differences in the proportion of the dye com-
plex with the cellular molecules along the different levels of tis-
sue sections in a three dimensional cell. When we reviewed the
results of graph files and Excel data on light intensities for line
profiles, the graph files were better than Excel data in terms of
the visual perception of differences within short time because
the graph files provided three line graphs of light intensities si-
multaneously.

Digital images are not free of artifacts. It is not possible to
have an image that is completely free of some form of process-
ing. Although digital images are nearly the same as images from
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35 mm film, a number of factors can influence the quality of
digital images, including the thickness of tissue, the status of
the lens of the light microscope/camera, and the dye condition.”
Under such conditions, Pritt ¢ a/."* provided some guidelines
for digital imaging for pathology, and we considered the im-
portance of reference values for quality assurance in the inter-
pretation of digital images. Thus, with additional experience
and knowledge, the “salt and pepper” and “ground glass” fea-
tures of the nucleus may be expressed in specific values of RGB
light intensities based on reference control images. In addition,
we can develop some functional formula by using the values of
light intensities corresponding to meaningful chromatin clump-
ing and employ them to enhance the reading power of automat-
ed screening instruments.
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