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ABSTRACT
OBJECTIVES: Early diagnosis of breast cancer is extremely important because it is the most common female 
cancer and a leading cause of cancer death in adult women. In this study, it is aimed to create Raman mapping 
with developed chemometrics-assisted Raman and FT-IR spectroscopy methods for the diagnosis of invasive 
ductal carcinoma (IDC) in breast tissue samples.
METHODS: Samples were deparaffi nized and 20-micron layers of each tissue were located on a coverslip. 
Mapping of both healthy and cancerous tissues were performed by exposing them to Raman laser at 532 and 
758 nm while excitation was recorded at wavenumbers in range of 100–4,000 cm-1. Orthogonal partial least 
square (OPLS) algorithm was applied to evaluate obtained Raman spectra. Latent variable was selected to 
explain the whole model. 
RESULTS: Healthy and IDC tissues were accurately and precisely clustered with Raman mapping and obtained 
results were compared to those obtained by means of histopathology and FT-IR methods. It is claimed that the 
proposed method has a great potential in clustering and separating IDC tissues from the healthy ones. 
CONCLUSION: This novel, rapid, precise, easy and objective diagnosis method may be an alternative to con-
ventional diagnostic methods for IDC in breast tissue (Fig. 5, Ref. 22). Text in PDF www.elis.sk.
KEY WORDS: chemometrics, FT-IR spectroscopy, invasive ductal carcinoma, Raman spectroscopy, qualita-
tive analysis.
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Introduction

Breast cancer is the most commonly seen cancer type, affect-
ing especially women at any age in our country and elsewhere 
around the world. Histological and biological features, prognosis 
and clinical responses of disease show differences depending on 
the type of breast cancer. Invasive ductal carcinoma (IDC) is the 
most frequent breast cancer, and about 80 % of these cases are 
diagnosed with IDC. The incidence of breast cancer is around 43 
per 100,000 individuals in accordance with the statistical report of 
the health ministry in Turkey  (1). Therefore, as with other types 
of cancer, breast cancer is a serious disease which has to be diag-
nosed early in order to improve breast cancer outcomes and sur-
vival. Current diagnostic methods of breast cancer include breast 
self-examination, clinical examination, and then mammography. 

Mammography quantitatively determines the density changes in 
breast tissue and as such is considered to be a very sensitive method 
for detecting breast cancer at its early stage. Often however, the 
mammography fi ndings are not specifi c. Breast biopsy follows 
in order to determine the features of the lesion. Histopathologic 
evaluation can take months because this method has a long ex-
perimental procedure and needs expertise to interpret the results. 
At the end of this process, 70–90 % of detected lesions are found 
to be benign  (2) and thus the patient unnecessarily suffers both 
physical and psychological depression. This is the reason why 
scientists begin to research alternative methods to evaluate the 
breast tissues of patients.

The term of medical photonics is described as use of optical 
technology and instruments for the diagnosis and therapeutic and 
basic science application in medicine. Nowadays, medical pho-
tonic methods such as FTIR and Raman spectroscopy assisted 
with chemometrics became popular for the diagnosis of breast 
cancer as well as for other types of cancer. Chemical analysis 
can be performed with these non-invasive analytical methods by 
providing spectral differences observed as a function of tissue 
physiology or pathology  (3). The obtained data can be analyzed 
with chemometric methods while various statistical methods and 
diagnostic algorithms are used in the process of confi rming or 
disproving the cancer diagnosis. An important advantage of this 
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diagnostic method lies in automation, which allows for objective 
and real-time diagnosis of pathologies. 

Several papers were reported in literature for the diagnosis of 
IDC via FT-IR  (4–7) and Raman  (8–13) spectroscopy. In these 
studies, subtle changes have been detected in cellular biomolecule 
content or structure, including nucleic acids, proteins, carbohy-
drates, and other biomolecules that are closely tied to the carcino-
genesis of cells and tissues. Unlike mentioned studies, the aim of 
the present study is to demonstrate that the Raman mapping has 
to provide unique chemical and morphological information about 
IDC tissue status and distinguish cancerous tissue from healthy 
tissue. In addition to this, reference histopathology and FTIR 
methods were also performed to compare the prediction power 
of the proposed method.

Experiment

Tissue samples
Invasive ductal carcinoma (IDC) and healthy tissue samples 

were collected from breasts of 23 women patients (age range of 32–
47 years) who underwent transurethral resection or mammotome 
biopsy at the Department of Breast Surgery in Faculty of Medi-
cine in Ataturk University. The obtained tissue sample sections 
were deep-frozen and then kept at –80 °C until use. The samples, 
which were taken from one part of the frozen sections, were pre-
pared for histopathological analysis. The sections were examined 
by expert breast pathologists and classifi ed as healthy or IDC tis-
sue according to WHO classifi cation  (14). The other part of the 
frozen sections was used for analysis with Raman Spectroscopy. 

Histopathological analysis method
After placing the breast tissue samples from women in 10 % 

buffered formalin and staining them with hematoxylin and eo-
sin, they were subjected to conventional histological techniques  
(15). The obtained samples were evaluated by using an electron 
microscope (Leica CV 5030). These obtained results were ac-
cepted as reference. 

Raman spectroscopic measurements and mapping
A WITec Alpha 300R Micro Confocal Raman Spectroscope 

including two laser wavelengths (532 and 758 nm) by fi ltering the 
Raleigh scattering was used to analyze carcinoma and healthy tis-
sue samples. The grating was 600 g/mm (blaze value of 750 nm). 
The analyzed spectral range was recorded in the range of 100–4000 
cm–1 to give a resolution of 0.5 μm. Each Raman spectrum was 
recorded on the spectrometer using an acquisition period of 0.5 s 
while the width and height of the pixels of spectrums were set to 
be 1,024 and 128, respectively. Background spectrum was obtained 
and removed from sample spectrum automatically. Every line of 
20 points were recorded and 50 images were taken for each line 
which included 20 points

FTIR spectroscopic measurements
All of the carcinoma and healthy tissue samples were analyzed 

by FT-IR Bruker Vertex 70V Fourier transform infrared spectro-

scope equipped with attenuated total refl ection (ATR). The spectra 
were obtained in wave number ranging from 50 cm–1 to 4000 cm–1. 
Background spectrum was drawn to eliminate the atmospheric ef-
fect and removed from sample spectrum automatically.

Diagnostic algorithm and software
The diagnostic algorithm (healthy or IDC tissue) was con-

structed by using orthogonal partial least squares algorithm 
(OPLS). This is aimed at PLS-Toolbox software version 8.1.1 for 
use with MATLAB R2015a. program was used. OPLS can be used 
in classifi cation by interpreting output from class differences  (17). 

Results and discussion

Histopathological evaluations of IDC and healthy tissues
The sections were stained with hematoxylin and eosin and 

prepared as described in Section 2.2. The total runtime of the his-
topathological measurement was approximately 1 day. IDC was 
diagnosed with a basic immunohistochemical profi le including 
the expression of estrogen receptor (ER), HER2 and progesterone 
receptor. A proportion of 80 % of the samples with IDC cancers 
were positive for estrogen receptor (ER) and 25 % were positive 
for HER2.  (18). According to this evaluation, out of the total of 
23 tissue samples, 12 and 11 were diagnosed as being healthy and 
positive for IDC, respectively. Histopathological evaluation was 
accepted to serve as reference for developed chemometrics-assisted 
Raman spectroscopy.

FTIR spectral analysis of IDC and healthy tissues
Figure 1 shows the characteristic FTIR spectra of IDC and 

healthy tissues. According to the spectra, some important bio-
molecules (DNA, proteins, lipids and fatty acids) were identifi ed 
similarly to results obtained from literature  (6, 5) Bands in range 
of 3,080–3,600 cm–1 expressed N-H symmetric stretching and N-H 
stretching vibrations of protein and nucleic acids. Bands in range 
of 2,600–3,200 cm–1 expressed C-H stretching vibrations of lipid, 

Fig. 1. FT-IR spectra of IDC and healthy tissues: differences in the 
intensity of peaks in the spectra attributed to differences in chemical 
composition and structure between IDC and healthy tissues.
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protein and DNA. C=O stretching vibrations of proteins and lipid 
were mostly seen at 1600 cm–1. Collagen, lipids and protein am-
ide formations were also detected in range of 1,360–1,550 cm–1. 
C-N-H stretching vibrations of protein amide, symmetric C-N-H 
stretching vibrations of collagen and lipids, and C-N-H stretch-
ing vibrations of amide III were seen at 1,530 cm–1, 1,330 cm–1 
and 1,260 cm–1, respectively. CH2 bending associated with elastin, 
phospholipids and collagen, as well as symmetric CH3 bending as-
sociated with elastin, phospholipids and collagen were detected 
in range of 1,380–1,400 cm–1. C-O stretching vibrations of C-OH 
groups of tyrosine of proteins were confi rmed at 1,170 cm–1. A band 
of O-P-O vibrations centered at 1,010–1,080 cm–1 reveal the pres-
ence of polysaccharides and carbohydrates. Almost in all regions 
of FTIR spectrum, both IDC tissue and healthy tissue showed 
similarly signifi cant absorptions. Nevertheless, there were differ-
ences between absolute and relative intensities of the absorption 
bands of the spectra. This situation confi rmed the differences in 
chemical composition and structure of DNA, proteins and lipids 
in IDC tissue when compared to healthy tissues. 

FTIR spectroscopy is a nondestructive technique and in lit-
erature it takes place as an alternative to histopathological evalu-
ation for clinical diagnosis of cancerous tissue. In this study, this 
method was also accepted as a reference method for the developed 
Raman spectroscopy.

Raman mapping of IDC and healthy tissues
An intercepted Raman spectrum for healthy and cancerous 

tissue is shown in Figure 2. According to the spectra, several char-
acteristic bands indicating specifi c biomolecules were detected. 
At 854 cm–1, a peak was observed and mostly related to tyrosine 
molecule in the ring breathing mode while that of 876 cm–1 is char-
acteristic for hydroxyproline also detected in Raman measurements  
(19). The band in range of 1,004–1,033 cm–1 is probably a sign of 
C-C vibrations of phenylalanine  (20). Phospholipids were mostly 
observed at 1,130 cm–1  (21). The tyrosine band is also associated 
with 1,390 cm–1  (22). Collagen, lipids and amide formations were 
linked to the range of 1,100–1,400 cm–1. This rank was also used 

for imaging cancerous tissue vs healthy tissue to show the deforma-
tion of malignant cells (Figs 3 and 4). This Raman map shows the 
differences of collagen level in both tissue samples (Fig 3 and 4).
The density of darker area in the cancerous tissue sample was quite 
well observable in Raman image. 

Fig. 2. Raman spectra of IDC (blue) and healthy (red) tissues: dif-
ferences in the intensity of peaks in the spectra attributed to alteration 
of chemical composition and structure in IDC compared to healthy 
tissues.

Fig. 3. Raman image of healthy tissue.

Fig. 4. Raman image of cancerous tissue.

Fig. 5. Scatter plot of latent variable for healthy (green) and IDC (red) 
breast tissues regarding to OPLS-DA model.
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All spectrum values were also discussed via chemometric al-
gorithm for cluster analysis. In this calculation, OPLS-DA were 
preferred to classify each group. Each measurement was recorded 
and exported into MATLAB 2017 software. Noise and interfer-
ences were fi ltered by pre-processing the data matrix with OSC. 
OPLS-DA suggested 3 latent variables to explain the method. LV1 
vs LV2 score plot is monitored in Figure 5. This graph shows the 
separation power of the proposed algorithm. Cross validation of 
the proposed method was performed by venetian blinds w/10 splits 
and 1 sample per split. Root mean square error of cross valida-
tion (RMSECV) values were lower than 0.09 while the regres-
sion coeffi cient of the proposed method is 0.94, which indicates a 
satisfactory goodness of fi t and low bias for the proposed model.

Conclusion

Latest achievements in biomedical science allow for incor-
poration of photonic strategies with the aid of chemometrics as 
new clinical applications in the diagnosis of tumors. The photonic 
methods have been reported in literature to be producing spectro-
scopic differences between cancerous tissue and healthy tissue. 
However, these spectral differences can sometimes fail to detect 
cancer tissue due to low resolution or differentiated biomolecules 
not being tied to the tissues. In this study, the mapping based on 
chemometrics-assisted Raman spectroscopy was used to differ-
entiate IDC from healthy tissue. Therefore, the information was 
provided on the basis of chemical composition of different struc-
tures of material and was confi rmed by histopathological evalua-
tions and FTIR spectral analysis. Raman spectroscopic mapping 
of tissue microarrays can be a candidate for fast analytic methods 
of early diagnosis of IDC. The other advantages of this method 
are that it is non-invasive, non-destructive and requires no sample 
preparation.
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