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Human breast tissue cancer diagnosis by FT-IR spectroscopy
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ABSTRACT

Fourier transform infrared (FT-IR) spectroscopic study of normal, benign
and carcinomal human breast tissues has been carried out. To our best knowledge,
this work is the first statistical research on FT-IR spectroscopy-based diagnosis of
breast cancers among the Iragi women. Because of FT-IR sensitivity to the
changes in the biomolecules in the tissues, it can be used for qualitative and
quantitative analysis of cancerous breast tissues. FT- IR spectra ware taken for 91
samples of breast tissues that were previously histopathologically identified by
pathologist experienced as: 63 normal (N) samples, 8 hyperplasia (H) samples,
10 fibro adenoma (F) samples, 10 ductal carcinoma (DC) samples. Several spectral
differences were detected in the frequency range between 400 cm™ and 4000 cm’™.
The ratio of intensities of the bands of A2925/A2854, A1653/A1545,
Al1343/A1450, A1083/A1236 and A1163/A1545 supplied conformational changes
of lipids, protein, collagen, nucleic acids, and carbohydrates respectively in the
breast tissues. There are remarkable differences in the spectral features between
normal, benign and malignant tissues because of changes in molecules structure
that accompany the transformation from a normal to a cancerous state during
carcinogenesis, where the concentration of lipid is lower in cancerous breast
tissues, as opposed to normal breast tissues, while the content of DNA, protein
and collagen have been increased in benign and cancerous tissues . These
differences in the spectral information may serve for the diagnosis of breast
cancer.

Introduction

Cancer is a complex genetic disease that is
caused primarily by environmental factors. The
cancer-causing agents (carcinogens) can be present in
food and water and in the air, The resultant distorted
cell conduct prompts extensive masses of strange cells
that destroy encompassing normal tissue and can
spread to vital organs resulting in disseminated
disease, then commonly patient death [1]. Both in
developing and developed countries, breast cancer is
one of the major health hazards amongst women and
stands fifth in death rate [2].
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In Iraq breast cancer is one of the major causes of
female death. According to the latest WHO (World
Health Organization) statistics rankings data that
published in May 2014, breast cancer in Iraq reached
1,962 or 1.33% of total deaths. The age adjusted
Death Rate is 20.79 per 100.000 of population ranks
Irag #44 in the world. According to the increase
incidence of cancer patients all over the world in
general, and in Iraq specially, so the study of cancer
diagnosis method is very important. Several
techniques are currently used for breast cancer
diagnosis. The histopathology, gold standard of
diagnosis, has been shown to be subjective and
depends on the experience of skilled pathologist [2],
another systems incorporate X-beam mammography,
ultrasonography (US), magnetic resonance imaging
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(MRI), optical coherence tomography (OCT), positron
emission tomography (PET) and X-ray computed
tomography (CT), followed by many tissue biopsies.
However, they won't offer adequate evidence of the
grade of malignancy of the tumor and the images
acquired with these techniques give little information
about the screened region [3]. Hence, there exists a
need to develop alternate, rapid, objective , and cost
effective methods for early diagnosis of malignancy.
Fourier transform infrared (FT-IR) spectroscopy is a
more suitable tool for biomedical applications, due to
use of not harmful infrared radiation as excitation
source; minimal sample preparation and adaptability to
biomedical applications especially for in vivo
applications [2] and is precise enough for both
guantitative measurements of many components in a
complex mixture and the qualitative identification of
the conformational of outsider materials [4,5]. FT-IR
spectroscopy involves the study of interaction of
electromagnetic radiation with molecules.
Electromagnetic radiation characteristic of the
interacting system may be absorbed. The frequency
and intensity of the absorbed radiation consist the
experimental data. The interference pattern from a two
beam interferometer as the path difference between the
two beams is altered, when Fourier transformed, gives
rise to the spectrum. The transformation of the
interferogram into  spectrum is carried out
mathematically with a dedicated on — line computer
[6], FT-IR has shown as a sensitive diagnostic tool to
distinguish cancerous from normal tissues in colon [7],
prostate [8], breast [9], cervical [10], gastric [11], oral
[12] and esophageal [13], bladder [14]. The purpose of
this study is to assess the possibility of using Fourier
transform infrared spectroscopy (FT-IR) as a
diagnostic tool for cancer detection by observing the
biochemical changes between tumour and normal cells
within a wavenumber range known as the “fingerprint
region” (encompassing 1800 to 950 cm™) [15] to
distinguish between normal (N) and abnormal breast
tissues, and to classify the abnormal tissues in
different subtypes such as hyperplasia (H) and
fibroadenoma (F) as a benign tissues, and ductal
carcinoma (DC) as a malignant tissues.

Experimental Work

In this study, the human normal, benign and
malignant ex-vivo breast tissues samples were
collected from four hospitals, Ramadi, AL-Kalidia and
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Heet hospitals in AL-Anbar and Dejla hospital in
Baghdad.

After the operation, the removed tissues were
preserved in 10% formaldehyde solution and sampled
immediately. Two pieces of the tissues, each of about
2 cm in diameter, were taken. One was cut off from
the center of the lesion (abnormal) and the other one
from the distant edge (normal) of the removed tissues.
Each ex vivo breast tissue is divided by a doctor into
two parts, the first part goes to the pathology
examination and undergo  to the standard the
pathology examination procedure. The second part of
the ex vivo samples goes to our lab for spectral
analysis, but we avoid (long) fixation because this
process chemically alters the tissue, mainly proteins
[16]. Normal and abnormal tissues were cut into
approximately 2 mm sizes and dried for 3 days for FT-
IR investigation. This dried tissue was grinded and
mixed with 200 mg of KBr powder. Then the samples
were placed under a mechanical pressure about 20
tons to form the KBr disk of about 1 mm thick. These
ex-vivo breast tissues investigated spectroscopically
using Fourier Transform Infrared Spectrometer (FT-
IR). The FT-IR that is used in our laboratory (FT-IR-
84005, Thermo Scientific / Nicolet IR-100, USA). The
FT-IR spectra of the samples were obtained in the
spectral range 4000 to 400 cm™ . Each spectrum was
acquired with 32 scans and 4cm-1 resolution. For
each patient, we have measured FT-IR spectra for
normal tissue and abnormal tissue (malignant or
benign lesion) as shown in Table 1.

Table 1. Number of cases studied with FT-IR.
No. Histology Total number of cases

1 Normal 63
2 H 8
3 F 10
4 DC 10

Total samples number 91

Results and Discussion:
Histological Examination Results

In this study, normal and abnormal (benign and
malignant) breast tissue specimens were obtained after
mastectomy of female patients aged 30-76 years old
(median age is 53 years old) showing different types of
tumor. Histological image of the cross section of the
formalin-fixed human breast tissue stained with H&E
as observed under a microscope is shown in (Figure
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1). The histopathological analysis included 63 normal
(N), 8 hyperplasia (H), 10 fibroadenoma (F), 10 ductal
carcinoma (DC).

FT-IR Qualitative Analysis of Different Tissue Types

The FT-IR spectra of normal breast tissues (N),
benign lesions (H and F), and cancerous breast tissues
(DC) are shown in (Figure 2).

The FT-IR spectra are differentiated by 10
notable peaks at 1083, 1163, 1236, 1343, 1450, 1545,
1653, 1743, 2854, and 2925 cm *. The spectra show
spectacular changes in peak heights, In this study, the
main spectral contribution assigned to lipid peaks were
3010 cm* caused by  C-H stretching vibrations [17];
the peaks near 2925 and 2854 cm™ originated from
antisymmetric stretching of CH, and symmetric
stretching of CHy, respectively [11]; the peak at 1743
cm™* is due to the C=0O stretching vibration mode
[18,19], and the peak at 972 cm™ is due to the
(CHs)3sN" asymmetric stretching mode. Proteins peaks
due to N-H stretching mode were at 3374 cm™* [15];
the protein amide | peak due to carbonyl (C=0)
stretching was at 1653 cm*; and the protein amide II
due to (N-H) bending was at 1545 cm™* [3,20]. The
bands near 1083 and 1236 cm * are generally assigned
to the symmetric vs(PO, ) and antisymmetric v,5(PO; )
phosphate stretching modes, respectively, which are
caused by nucleic acids [15,18,21,22]. The major
absorptions from carbohydrates are found in the 1000—
1200 cm* region of the spectrum [23]. The band at
1163 cm™ is attributed to the C-OH stretching
vibration of carbohydrates [15]. The vibrational modes
of collagen appear at 1343 and 1450 cm* peaks
resulting from CH;CH, wagging and CH;CH,
deformation modes, respectively [17,22].

The spectral feature of normal and cancerous
tissues mutate because of the changes in molecular
structures that join the transformation from a normal
state to a cancerous state.

The differences in the spectra of the cancerous
and noncancerous tissues in the intensity of the peaks
at 1653 and 1545 cm™* are notable. The spectrum of
protein band from the cancerous tissue as shown in
(Figure 2) were very increased compared with those of
normal tissues and benign lesions. This result can
explain the increased amount of protein in cancerous
tissues during malignancy [24,25].

Although the benign breast lesions ( H and F)
represent an abnormal proliferation, structure of this
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tissue are more similar to those of normal breast tissue
[3], therefore we noted that the spectrum of the
normal and benign samples are almost similar. In
contrast, cancerous breast tissue (DC) display
compositional differences, gave spectral features that
are noticeably different.

These results are consistent with previous
findings [3,15,24,26], wherein some  specific
absorption peaks at 3400-950 cm ™ are possibly useful
in distinguish normal from abnormal breast tissue.

FT-IR Quantitative Analysis of Different Tissue Types

The important spectral parameters in obtaining
the quantitative information about the contents of
biomolecules in the tissues are, the relative intensity of
the major absorption bands of these tissues [21]. A
change in peak shape and intensity indicates
considerable  biochemical changes [4]. To
guantitatively discriminate the N, H, F and DC
samples, we calculated five absorbance ratios by using
the measured peak heights. These absorbance ratio
were: A2925/A2854 that used to measure the ratio of
lipid content [15,19], A1653/A1545 that used to
measure the ratio of protein content [15,19,21],
A1343/A1450 that used to measure the ratio of the
collagen content [2,27], A1083/A1236 that used to
measure the ratio of the nucleic acids (DNA) content
[15,21], and A1163/A1545 is used to measure the ratio
of the carbohydrate content [3,28].

Difference, in these ratios among samples of
different tissue types was calculated as shown in
Figure (3) and listed in Table (2).

In the spectra collected from normal tissue, an
observed methylene (-CH,) peak grows sharply at
2925 and 2853 cm ', whereas the peaks in the same
area of the spectra in cancerous tissues are apparently
broader and less intense. This difference in band width
and lower intensity in the spectra of cancerous tissues
versus the spectra of normal tissues is possibly caused
by the low concentration of lipid cells in cancerous
breast tissues [29].

The ratio of band intensity at A2925/A2853
implies the total lipid content in the tissues. In this
study, this ratio decreased in all the benign and
malignant tissues as shown in Figure (3). This
decrease in intensity or the disappearance of the lipid
bands means a decrease in the relative number of (-
CH,) groups in the malignant tissue during
carcinogenesis [15].



P- ISSN 1991-8941 E-ISSN 2706-6703
2015, 9 (3) :19-26

In the present study, the ratio between the bands
at 1653 and 1545 cm ' increased in benign and
malignant tissues compared with that in normal
tissues. The intensity of the amide | and amid Il bands
at 1653 and 1545 cm ' increased in the spectra of
carcinoma samples compared with those of the normal
tissue possibly because of the increased proliferation
of the tumor cells [15,20].

The ratio of band intensities at 1083 and 1236
cm ' reflected a measure of the changes in cellular
nucleic acids (DNA) in the tissues. In the present
investigation, this ratio increased in the benign and
malignant tissues compared with that in normal tissue,
demonstrating the higher activity of the malignant
cells [22,29].

The ratio of the band intensities at 1343 and
1450 cm' represents the collagen content in the
normal, benign, and malignant tissues. In this work,
this ratio increased in the benign and malignant tissues
compared with that in normal tissue.

The ratio of the band intensities at 1163 and
1545 cm* indicates the carbohydrate content in the
tissues. In the present investigation, the carbohydrate
content decreased in the benign and malignant tissues
compared with that in the normal tissue. The results in
Table (1) show a obvious uniqueness between the FT-
IR spectra collected from normal and cancerous tissues
in the spectroscopic region of 2950-900 cm™* by the
peak intensity ratios of the spectral peaks characteristic
of the cellular components, and they are consistent
with previous findings [2,15,30]. Several reports have
indicated the facility of FT-IR spectroscopic method in
classifying breast cancer types [4,21,24].

Conclusions

The FT-IR results for normal, benign, and
malignant breast tissue presented in this study can be
summarized as follows but more extensive studies are
required to confirm these findings.

The spectrum of carcinoma is remarkably
different from the normal, and benign, where the
spectral changes indicate alterations in content of
lipids, proteins, nucleic acids, collagen, and
carbohydrates. The concentration of a lipid cells and
carbohydrate is lower in cancerous breast tissues than
in normal breast tissues, while the content in the
patterns of DNA, protein, and collagen have been
increased in benign and cancerous tissues. These
results are consistent with the histopathological results.
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The present study shows that FT-IR spectroscopy can
be used to recognize cancerous from noncancerous
tissues.
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Figure(1):Histological image cross section of formalin-fixed
human breast tissue with hematoxylin-eosin (H&E X 100).
(N):normal breast tissue, (H):hyperplasia, (F):fibro adenoma,
and (DC): ductal carcinoma.
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P- ISSN 1991-8941 E-ISSN 2706-6703 Journal of University of Anbar for Pure Science (JUAPS) Open Access
2015, 9 (3) :19-26

Table (2): Comparison of standard ratio among four breast

f 75 cancer type.
S S £
N HH WF HOC z z <
ko) £ £ g
) = S S 2
o m LL L
- @ = (@) S
:' = Z I 8’ L 43 a %
i g £ = 5
o @)
g g g =
] 1.5% 5] 5 S
3 £ £ 5
T o 2 o
&
;
L1 5
s &
he) (3
” <32 k¥ 2 3 2 3 3
u g ] — — | — | — )
£ N
| D.SH <
0
¢ 2
2 S5 . . o
£ 5 2/ 3|3 35 KN =
0 9 5 — — by — py — py
—
Carbohydrate ~ Collagen ~ DNA Protein ~ Lipid <
& d <
Figure (3): Variation of standard absorbance's ratios 3
. . . . . < + o X o ) B o
(functional biomolecules) with different breast tissue »ZLZ S o . ! N 3
. o 0O — — :' - ot i $
pathologies. g
o
Lo
38
~ < <
% E’ 3 & ~ ©p © '1: ©
§5 ° o § ° g2 s ¥
-
<
0
< o
2S <
w8 <4 o I o I [S) i
9%
<O

(+) means increase , (—) means decrease

Yo



P- ISSN 1991-8941 E-ISSN 2706-6703 Journal of University of Anbar for Pure Science (JUAPS) Open Access
2015, 9 (3) :19-26

dana gl Bl Sl el da gy Glasba ()

E.mail : enasalani2@yahoo.com

W EN]
e clidde aa o LCually gasaally aludl (i) @) gl ehpead) ciad AaiVG Ay Jiad] Ladal) Auhall s3a il 5
At 5 Aol o3 &L Ghall el () lapud FT-IR alasiuly adall Jdaill e 286l Gadiill Slas) Giny Js) s gg il
Cagla s 2 281 A1 3 Lpan) ciliial) 8 ol panll diplin Cannsy Al pud) o) Aaa Uy egil) Jilaill _alal) FT-IR lea
(N) Lo ¥ 1 0 Gase IS (alpel) aley it 0 (e Linanst Lo o 3 ) Al (e diie ) aaa) glpeall i ZaY)
LAY (e aaed) e Sl 23 sl (DC) A@Y) Glaje clie Vo 5 (F) aea i ayy e Ve ¢ (H) ganes adud clie A el
A1343/A1450 ;A1653/A1545 5 A2925/A2854 il dpwill 5250 o) ' —a £0 v v 571 i e G claagll 3t 8 Agylall
hamsSlly ¢ Lygeil) Galeally ¢ aVslls ¢ Gl ¢ ol ssiaa dileidl il Jia A1163/A1545 5 A1083/A1236
sasaall) dades yalls Aaludl Aol Gp Agall (ailadll 8 daa)y DGR @l o) W a8 L gall il dad 8 gl e
55 ol e o oS s Alapd) A ) Gl Alall e Jeatl a1 Asd) 5 el S5 b sl Guas (Ll
I35 38 Vs 5 oigalls (sesill Gaaall (sgime Ol Ladly ¢ (sl dadud) A1 (g el o ¢ Al pud) AT 8 J8 oaall (55ina
2 o S Gl B Gl Gl B Ll 5 gaanl ) Al cilegleall (3 ABURY) 03 iy Cudlly (sueall oyl s A

cobell Alee W Al lisa 8 byl 4 jeal ululS

Y¢


mailto:enasalani2@yahoo.com

