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Expression of the protein markers, Endothelin-1 (ET-1) and CD-31 in human placenta is
reported to be associated with the amount of exposure to tobacco smoke. We have
established through immunohistochemical evaluation that the expression level of ET-1
protein is consistently very high among the women who directly smoke tobacco (active
smokers) compared to the other group of women who inhale environmental tobacco
smoke or ETS (passive smokers) and non-smokers. To determine the relative expression
of both the proteins in the immunohistochemistry images from both the group of
women, we have utilized combination of genetic algorithm and nearest neighbor (GA-
NN model). Based on the extracted features from the image the GA-NN model
efficiently detected the differential expression of the marker proteins and categorized
them as active smokers or passive smokers. The computational model was found to be
very robust (predictive accuracy was 90.76 + 2.50 %, Matthews Correlation Coefficient
(MCC) of 0.7125, Qpreq = 82.85 * 4.246%, sensitivity = 89.24 + 2.45% and specificity
= 83.43 + 2.38%. The rate/intensity of expression for ET-1 and CD-31 was more for
active smokers as compared to passive smokers. From these results, it could be
concluded that computer aided diagnosis based on the immunohistochemical (IHC)
images of tissue biopsies from different diseases can support the clinicians in framing
their opinion about the comprehensive diagnosis of patient's ailment and its cure,
especially in country like ours which lacks experienced histopathologists.

Copyright: © 2018 Bastia et al. This is an open access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Introduction

Endothelin-1 (ET-1) and CD-31 expression level
in the placenta depends on the exposure to
tobacco smoke, either through active or passive

smoking or both (Bastia et al. 2017). It has been
seen that in case of women who smoke tobacco
very frequently (Active Smokers), the rate of
expression of these two proteins is high; whereas
in the second category of women who do not
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smoke tobacco, but they inhale the smoke from
other external sources, such as, environmental
tobacco smoke (Passive Smokers), the rate of
expression is low (Mastrogiannis et al. 1991;
Nova et al. 1991; Schiff et al. 1992; Kozuka et al.
1989; Wolff et al. 1993). The higher expression
of these two proteins (ET-1 and CD-31) leads to
the placental abnormalities that may in turn lead
to birth failure or major pregnancy associated
birth defects, such as, Low birth weight (LBW),
intrauterine growth restriction (IUGR), preterm
delivery, fetal growth restriction (FGR), sudden
infant death syndrome (SIDS), developmental
defects, abruptio placenta and increased risks of
stillbirth (Sabra et al. 2017). Hence, the study of
these two proteins and their expression is very
important for proper identification of the affected
mother and fetus pairs and thereafter their
appropriate protection and salvage from the
adverse toxic effects of exposure to tobacco
smoke. Traditionally, these types of studies were
typically done with the immunohistochemistry
(IHC) technique (L6sch and Kainz 1996; Nuovo
2006; Huang et al. 2013; Luiza et al. 2014); the
inference was generally derived based on the
visualization of the images by an experienced
pathologist. Since this is a manual method
sometimes the diagnosis is erroneous and
wrongly classifies the images. In this regard, it
was essential to construct an automatic tool using
a reproducible algorithm for  prediction,
classification and proper diagnosis based on the
obtained IHC images. Hence in this study, an
attempt has been made to develop a tool using
Image Processing and Genetic Algorithm to study
the rate of expression of both the proteins in the
placenta of smoking mothers.

Materials and Methods
Sample Collection

Placentas (n=200) were collected immediately
after normal singleton vaginal delivery from
healthy mothers at term who were visiting the
Antenatal Clinic (ANC) and/or admitted in Labor
Room of Dept. of Obstetrics & Gynecology,

M.K.C.G Medical College and Hospital,
Berhampur, Odisha, India and had been
previously enrolled for this study. The

participants were classified chiefly into two
groups (n=100 each), Active smokers and Passive
smokers based on the tobacco exposure before
and during pregnancy. Active Smokers were
those pregnant women who directly smoked 15
cigarettes or 30 ‘bidis’ or more per day for at
least 3 months before and during pregnancy while
Passive Smokers were mothers who were
passively exposed to tobacco smoke during
pregnancy as her husband/close relatives were
chain smokers (who smoke 30 bidis/15 cigarettes
or more /day).

Subjects were matched for maternal age,
parity and gestational age. Those with history of
any debilitating or infectious diseases were
excluded from our study. For IHC studies, the
placental tissues were collected from the fetal
side of placenta after fixed by perfusion technique
in 10% neutral buffered formalin fixative. All
placentas were examined for conventional gross
and light microscopic features as per the
guidelines for examination of the placenta
developed by the College of American
Pathologists (Langston et al. 1997). The study
was approved by the Scientific Ethical
Committee of M.K.C.G Medical College and
Hospital, Berhampur (Odisha) and samples were
collected according to the "Ethical guidelines for
biomedical research on human participants”
issued be Indian Council of Medical Research
(ICMR).

Tissue Processing

Five mm? (approx) thick placental tissue sections
were immersion fixed in 10% buffered formalin
after delivery or expulsion of placenta. The fixed
placental tissues were processed for routine
paraffin embedding. Five micron (5um) thick
sections were cut in a rotary microtome and
mounted on poly-L- lysine coated clean glass
slides.
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Immunohistochemistry (IHC)

The slides selected for IHC study were kept in the
oven at 60°C for 20 minutes. Tissue sections were
then de-paraffinized and rehydrated. Quenching
of the endogenous peroxidase activity was done
by immersing the de-paraffinized sections in 3%
H202 solution (in Methanol) for 30 minutes.
Sections were rinsed in Phosphate Buffered
Saline (PBS, pH-7.2) and then exposed to
microwaves forl0 minutes in Antigen Retrieval
Solution (8.2 mM sodium citrate, 1.8mM Citric
acid-pH-6.0, containing 0.01% Triton X-100).
After subsequent washing with PBS, the sections
were treated with blocking serum for 45 minutes
to block the non-specific binding. Followed by
incubation in a humidified chamber (at 37°C)
with  primary anti-Endothelin-1  monoclonal
antibody (mAb) [Oncogene Research Products,
Boston, MA, USA] at a dilution of 1:250 (tested
over a range of 1:100 to 1:1000), diluted in PBS
containing 1% BSA and 0.2% Tween-20 for
overnight at 4-8°C. Negative controls were
accomplished by omitting primary antibody while
rest of the procedure remained the same.

The sections were then washed with PBS
containing 0.2% Tween-20 and immuno-staining
was attained using an Avidin-Biotin Complex
(ABC) developer kit (Vectastain Elite ABC Kit,
Vector Laboratories; Burlingame, CA, USA). The
complex was  detected wusing 3, 3’-
diaminobenzidine (DAB) as a substrate. Sections
were counterstained with Mayer’s hematoxylin
for 2 minutes, washed and mounted (Hsu et al.
1981). In each experiment, an additional serial
section was stained with anti-Human CD-31 mAb
(pre-diluted concentration of 200ug/ml; Sigma,
St. Louis, MO, USA) that served as a positive
control and permitted a comparison between the
distribution of ET-1 and that of the endothelial
cell marker, CD-31. Olympus upright microscope
(BX51) fitted with digital camera (Olympus, E-
520) was used for capturing microphotographs.

Methodology for Image segmentation,
Extraction of features and Classification

We have used image region analysis (IRA)
program to select the spatial region (labeled as
brown color) of the immunohistochemical image
representing the presence of ET-1 and CD31
proteins. From this region, a series of pixels were
extracted using image segmentation method,
measured their RGB intensity and were used to
correlate the overall expression of the marker
proteins. The intensity was calculated and written
to an XML file. The intensity of the area
represented the expression level of the marker
proteins. For each image type of known class,
such as Endothelin-1 Active smoker, Endothelin-
1 Passive smoker, CD31 Active smoker and
CD31 Passive smoker, the intensity of the brown
punctate was calculated and written to an XML
file. We have collected 1200 images out of 200
patients; out of which 600 were from active
smokers group (100 pregnant women) and 600
were from passive smokers (100 pregnant
women). The images from each category were
grouped into a training set (70% of the total
images) and a test set (30% of the total images).
The training set images were used to train the
GA-NN model for automated detection and
classification into different groups, whereas the
test set was used to test the predictive accuracy of
the computational model (Schmitt et al. 1998;
Schmitt 2001; Schmitt 2004; Cha and Tappert
2009; Whitley 1994; Akbari and Ziarati 2011).

Five-fold cross-validation

Five-fold cross-validation (5-fold CV) technique
had been used for training and testing the GA-NN
model, in which the dataset was randomly
divided into five subsets, each containing equal
number of active smokers and passive smokers.
Each set was a balanced set that consist of 50
percent of active smokers and 50 percent passive
smokers. The data set had been divided into
training and testing set. The training set consisted
of five subsets. The GA-NN algorithm was
validated for minimum error on testing set to
calculate the performance measure for each fold
of validation. This had been done five times to
test for each subset. The final prediction results
were averaged over five testing sets.
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Performance Measures

The prediction results of GA-NN model
developed was evaluated using the following
statistical measures as shown in Table 1 (Naik et
al. 2007).

Results

Endothelial cells (EC) were identified and
confirmed by immunostaining with endothelial
cell marker, anti-human CD-31 mAb. Fine
granular and dark brown deposits of ET-1
(achieved due to DAB substrate & chromogen
reaction) were observed in the ECs lining the
capillaries of tertiary villi of full-term passive
smokers' placenta (Figl). Immunostaining was
limited to ECs only and was not discernible in
syncytiotrophoblasts or other cells of placenta.
The distribution pattern of ET-1 was similar to
the immunostaining of endothelial cell marker,
anti-human CD-31 (Fig2). This confirmed that
the expression and localization of ET-1 was only
in the endothelial cells of placental villi.

The distribution  pattern of ET-1
immunoreactivity was also investigated in the
placenta of active smokers and observed to be
more intense as compared to passive smokers. In
addition to the ET-1 immunostaining in the ECs

lining the capillaries, focal immunostaining was
observed in ECs lining small to medium sized
blood vessels (Fig3). When compared with the
distribution pattern of CD-31 mADb in the serial
sections of smoker’s placenta, the distribution of
ET-1 immunostaining followed similar pattern as
in case of CD-31 (Fig4).

This computational model used the RGB
color annotations for measuring the intensity and
classification of the images into active and
passive  smokers’ category. A series of
homogeneous pixels with identical color intensity
of RGB were screened out using GA from each
respective region of interest and was used for the
prediction of the level of expression of both ET-1
and CD-31 marker proteins. The intensity of
RGB was distinctly different for both active and
passive smokers (Table 3 & 4), which was
sufficient to classify both types of images. This
information was used to automatically classify
the given IHC image to active endothelin-1,
passive endothelin-1, active CD-31 and passive
CD-31 based on neighboring network. The
predictability for the classification of the images
in case of Endothelin-1 protein was found to be
quite accurate (90.76 + 2.50 %).

Table 1: Evaluation of the predictability of GA-NN algorithm by several performance measures.

Accuracy of the prediction method

Matthews Correlation Coefficient (MCC)

Sensitivity

Specificity

Probability of correct prediction (Qpred)

PN
QACC - T

Where T=(P+N+O+U)

(PXN)—(0xU)
JP+U)X(P+0)X(N+U)x(N+0)

Qsens = P+—U
N
Uspec = N+0

P
Qpred = P-l——O x 100

Where, P and N refer to correctly predicted enzymes and non-enzymes, and O and U refer to over and under

predictions, respectively.
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Fig 1. Endothelin-1 (ET-1) expression (arrow) as brown color punctate observed lining the Endothelial cells (EC)
of placental chorionic villi. (Passive smoker, 100x)

o ¥’ TDeiA 4 N £ i 4
Fig 2. CD-31 immunoreactivity (double arrow) in Endothelial Cells (EC) of placental capillaries is localized to
similar regions of ET-1 localization as in Figl. (Passive smoker, 100x)

staining. (Active smoker, 100X)
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The prediction results are presented in Table 2.
The GA-NN algorithm had achieved an MCC of
0.7125. The other performance measures were:
Qpred = 82.85 £ 4.246%, sensitivity = 89.24 +
2.45% and specificity = 83.43 + 2.38%. The vast

- N
N4 )
Fig 4. CD-31 immunostaining (double arrow) in endothelial cell (EC) indica:[ing similar distribution pattern as

ET-1 positivity. (Active Smoker, 100x)

to 1.0 for the active smokers in the case of
endothelin-1 marker. Similarly, the prediction
accuracy for the classification of images into
passive smokers and active smokers was 88.94%
based on CD-31 marker. The other performance

majority of the predictions have been contained measures are included in  Table 2.
within 0.0 to 0.1 for the passive smokers and 0.9
Table 2: Results of predictive measures of GA-NN for the classification of images
5-fold CV Accuracy Specificity Sensitivity MCC Qpred Prediction Prediction
range (Active range
smokers) (Passive
smokers)
(a) Classification of the images based on Endothelin-1 marker
Cl 0.9473 0.8420 0.9231 0.8042 87.35 0.943-1.00 0.00-0.312
C2 0.8929 0.8641 0.8843 0.7939 85.32  0.928-1.00 0.00-0.482
C3 0.9162 0.8394 0.8656 0.6364 79.18 0.914-1.00 0.00-0.263
C4 0.8843 0.8266 0.9125 0.6390 84.88  0.929-1.00 0.00-0.474
C5 0.8974 0.7992 0.8765 0.6891 77.54  0.892-1.00 0.00-0.415
Mean 0.9076+  0.8343+ 0.8924+ 0.7125+ 82.85+
0.0250 0.02379 0.0245 0.0818 4.246
(b) Classification of the images based on CD-31 marker
Cl 0.9260 0.8651 0.8148 0.7648 87.46 0.949-0.973 0.210-0.205
C2 0.8738 0.9128 0.9128 0.8260 88.63 0.942-0.928 0.321-0.606
C3 0.8384 0.8282 0.9203 0.8138 91.38 0.961-0.956 0.166-0.421
c4 0.8967 0.8948 0.8712 0.8345 92.63 0.954-0.923 0.329-0.533
C5 0.9123 0.8745 0.8821 0.8891  86.54 0.913-0.943 0.305-0.483
Mean 0.8894+  0.8751+ 0.8802+ 0.8256+ 89.33+
0.0345 0.0321 0.0419 0.0446 2.591
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Table 3: Extraction of pixel intensity (red, green and blue) of Endothelin-1 expression in the placenta of
tobacco smoking pregnant women and their Image segmentation.

Color Tone Active Smoker Passive Smoker
Max. Min. Avg. Max. Min. Avg.
RED 154 21 87.5 143 31 87
GREEN 138 24 81 152 27 89.5
BLUE 80 34 57 144 31 87.5

Table 4: Extraction of pixel intensity (red, green and blue) of CD-31 expression in the placenta of
tobacco smoking pregnant women and their Image segmentation.

Color Tone Active Smoker Passive Smoker
Max. Min. Avg. Max. Min. Avg.
RED 126 19 72.5 142 30 86
GREEN 154 16 85 139 31 85
BLUE 132 14 73 116 42 79
Discussion network (Naik et al. 2007; Cha SH and Tappert

The developed GA-NN computational model
efficiently detected presence and absence of ET-1
and CD-31 proteins in the IHC images of
placenta. It also effectively measured the
differential expression of both the proteins from
the active and passive smoking mothers (Akbari
and Ziarati 2011; Luiza et al. 2014). The
computational model simply used the RGB color
annotations for measuring the intensity and
classification of the images into active and
passive smokers’ category. A series of
homogeneous pixels with identical color intensity
of RGB were screened out using GA from each
respective region of interest and was used for the
prediction of the level of expression of both ET-1
and CD-31 marker proteins (Schmitt et al. 1998;
Schmitt 2001 and 2004). Clearly the level of
expression of both the proteins was determined to
be different for the active smokers’ and passive
smokers’ classes (Luiza et al. 2014; Bastia et al.
2017). The intensity of RGB was distinctly
different for both active and passive smokers
which were sufficient to classify both types of
images. This information was used to
automatically classify the given IHC image to
active endothelin-1, passive endothelin-1, active
CD-31 and passive CD-31 based on neighboring

CC 2009). The predictability for the classification
of the images was found to be very accurate
(90.76 %) for classification of images based on
Endothelin-1 protein. The GA-NN algorithm had
achieved an MCC of 0.7125 for this protein and
the other performance measures were: Qpred =
82.85 * 4.246%, sensitivity = 89.24 + 2.45% and
specificity = 83.43 + 2.38%. The vast majority of
the predictions were observed to be contained
within 0.0 to 0.1 for the passive smokers and 0.9
to 1.0 for the active smokers in the case of
endothelin-1 marker. This illustrated that 0.1 and
0.9 cut-off wvalues provide very adequate
separation of the two classes of images (Cha SH
and Tappert CC 2009). Similarly, the prediction
accuracy for the classification images into passive
smokers and active smokers is determined to be
88.94% based on CD-31 marker. The
rate/intensity of expression for ET-1 and CD-31
was more for active smokers as compared to
passive smokers. It had revealed a wide
difference in the range of intensity between both
the classes of images and hence it was possible to
classify the wuser given image into its
corresponding class (Schmitt et al. 1988; Losch A
and Kainz C 1996).
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Conclusion

The results of the present work demonstrated that
the image derived features with GA-NN model
appear to be a very fast image identification
mechanism providing good results, comparable to
some of the current efforts in the literature. The
predictability and the classification of the images
were found to be very accurate (90.76 £ 2.50 %).
The prediction results for both the proteins,
namely, Endothelin-1 and CD-31 were also
observed to be quite accurate in case of the two
groups, active and passive smoking mothers. The
tool has achieved an MCC of 0.7125 (Endothelin-
1). This tool had demonstrated a wide difference
in the range of intensity between both the classes
of images and hence it was possible to classify
the input images into its corresponding class. The
rate/intensity of expression of both the proteins
was more for active smokers in comparison to
passive smokers. Thus, it could be concluded that
computer aided diagnosis of the
immunohistochemical (IHC) images of tissue
biopsies from different diseases will help the
clinicians in classifying and grading the diseases
according to their severity and in turn take
appropriate therapeutic measures after proper
diagnosis, in areas lacking experienced
histopathologists.
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