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Abstract:
Lung cancer is one of the leading cancer with poor survival rate worldwide. The present investigation is
dedicated to biochemical characterization of lung tissues (cancerous as well as normal) using a vibrational
spectroscopic approach and thereby, defining infrared markers, which can be utilized to discriminate cancerous
lung tissue from its normal counterpart. Post-surgical histopathological tissues (eight cases) were obtained from
normal and cancerous sections of a lung tissue microarray. Infrared spectra of eight cases of lung cancer patients
of different age groups (45 years to 72 years, 6 male and two female) with different grades of malignancy were
acquired using Varian 660-IR spectrophotometer in transmission mode. Significant spectral differences were
observed in the molecular signatures of proteins, nucleic acid, lipids and carbohydrates. Absorbance intensity
ratios of particular spectral regions have been determined, which further provides detailed insight into
pathological state of a cell/tissue. The obtained results may add a part in comprehending structural changes in a
cell/tissue and may provide basis to ensure the applicability of this method as an alternative screening approach,
when combined with multivariate analysis.
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Introduction: Cancer, one of the most severe
disease, is estimated as the second leading cause of
death in human beings after cardiovascular
diseases. Every year, around 8.2 million deaths and
14 million new cases of cancer are reported
worldwide, as quoted by World Health
Organization (WHO) in 2012 [1]. Amongst these,
Lung cancer tops the list with 1.59 million deaths
per year, where female lung cancer rates set to rise
rapidly. It can be categorized into non-small cell
lung cancer (NSCLC) and small cell lung cancer
(SCLC). NSCLC, which accounts for 80% of lung
cancers, further includes squamous cell carcinoma
or epidermoid carcinoma, adenocarcinoma,
bronchioalveolar
carcinoma,
large-cell
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undifferentiated carcinoma [2]. Extensive research
has been reported on lung cancer biology, from its
causes (understanding its origin), diagnosis,
prevention and cure to treatment, in order to
combat this disease. The patients diagnosed with
lung cancer, are generally found to be above 60
years of age, as it takes several years to grow and
to reach symptomatic stage, when only, the sufferer
decides to seek medical help [2]. At early stages, it
is asymptomatic and very difficult to detect. Lung
cancer is conventionally diagnosed by several
imaging techniques such as chest X-rays,
bronchoscopy, computed tomography (CT) scan,
positron emission tomography (PET) scan and
magnetic resonance imaging (MRI) scan [3]. In
addition, blood septum cytology and biopsy of
cancerous lesion also provide important
information regarding tumor location and other
affected organs [4]. Although, these screening
methods are commonly involved in clinical
practice and confirms its (tumor) presence, yet they
are limited by identifying cancer at an advanced
stage, where it is very difficult to cure it. Lung
cancer patients generally have poor survival rate, as
it depends upon the stage at which they have been
diagnosed.
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Hence, the desire to develop a method with more
precision, to reduce patient trauma, time delay and
high medical costs involved, has inspired
researchers to explore a variety of minimally
invasive optical imaging and spectroscopy
techniques, especially with the ability to distinguish
benign lesions from malignant ones [5-8] to
improve lung cancer detection. Further, current
investigations to establish possible alternative
approaches as leading screening tools in cancer
therapeutics [9-11] can also enhance the cure
percentage of the disease.
Vibrational spectroscopy offers possibility to
overcome the limitations of currently employed
methods of cancer diagnosis [12,13]. From past
few decades, infrared spectroscopy has emerged as
potent
non-destructive
technique
in
the
identification and characterization of various
biomolecular and organic components/mixtures
both qualitatively and quantitatively. It is suitable
for solid, liquid and gaseous samples with nominal
sample preparation. Using specific features derived
from infrared spectra, the physico-chemical
changes present in cells/tissues can be delved
[14,15]. Recently, several studies on infrared and
Raman spectroscopy, both in near and mid-infrared
regions have reported molecular and biochemical
alterations in the pre-malignant and malignant
cells/tissues from their normal state [16-18]. These
evidences when coupled with some algorithms and
statistical modeling, can discriminate between
cancer tissue and normal tissues of different types
of cancer [19,20]. Further, infrared spectroscopy
has been involved in the analysis of lung A549
cancer stem cells [21], breast cancer using
peripheral blood mononuclear cells [22] and
anastomosis tissue based colorectal cancer [23].
Besides this, investigations based on label-free
cancer grading in colon [24] and lung cancer [8]
identification using infrared spectral histopathology
are also possible.

Tissue sampling: A total of 16 tissue specimens
(eight normal and eight cancerous) from lung
cancer patients (eight cases) with clinically
suspicious lesions or histologically confirmed
malignancy were obtained from Oncology (Cancer
Care), Max Healthcare, New Delhi. All the tissue
specimens were of grade II and grade III stage.
Post-surgical cancer tissue and normal tissue (2-3
cm away from the tumor) samples were collected.
For each sample, two tissue sections were cut, one
was put on the glass slide for histological review
and the other part of the tissue was frozen (-28ºC)
to obtain cryostat sections (2-4 µm thick). The
cryostat tissue sections were placed on the ZnSe
plates without any fixative and used for spectral
analysis.
Spectral measurements: The infrared spectra of
cancerous and normal lung tissues were recorded
on Varian 660-IR spectrophotometer equipped with
deuterated triglycinesulphate (DTGS) detector and
KBr beam splitter in the transmission mode.
Ambient humidity of 45% RH was maintained
during the entire experiment. Background spectrum
was also collected before recording each spectrum
in order to nullify atmospheric (CO2) interferences.
Three infrared spectra were acquired at three
different locations (per sample) in the mid-infrared
region 4000-700cm-1 with a resolution of 4 cm-1and
then averaged. A total of 256 scans were collected
for each spectrum to improve the signal to noise
ratio. Further, the spectra were ratioed against the
background spectrum. Prior to analysis, the raw
spectra were processed and visualized using
Unscrambler 6.0 software, where they were linear
baseline corrected and mean normalized. Second
order derivative spectra were also determined after
smoothening using Savitzky-Golay algorithm with
eleven points. The representative infrared spectra
were illustrated in figures [both normal (solid line)
as well as cancerous (dotted line)].

Results and Discussion:
In the present work, the capability of infrared
spectroscopy has been utilized to identify the
characteristic molecular signatures of lung tissue,
as it imparts detailed structural and conformational
information of biomolecules [25]. Since, malignant
state is associated with changes in cellular
biochemistry, we probed alterations in vibrational
spectral features of lung cancer tissue, as compared
to normal tissue. The information obtained from
this study can be instrumental in discriminating
lung cancer tissue from normal tissue at molecular
level.

Analysis of spectral peak variations: The infrared
spectra in the mid-infrared (mid-IR) frequency
region 4000 cm-1 to 700 cm-1 (Figure 1), is
generated using Varian 660-IR spectrophotometer
in order to establish potent biochemical differences
between eight cancerous and their corresponding
eight normal (control) lung tissue samples.
Significant spectral changes in terms of shift in the
wavenumber and intensity have been observed for
cancerous and normal lung tissue, which may
define possible changes in the biomolecular
functional groups and their functionality in
diseased state. The assignment of spectral features
is in accordance to the literature [25-27].

Materials and Methods:
J Cancer Clin Oncol
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Figure 1: Overlaid Infrared Spectra of Normal and
Malignant Lung Tissue in the Region 4000-700 cm-1
Figure 2a represents the overlaid spectra of
cancerous and normal lung tissue in the frequency
region 1300 cm-1-700 cm-1. The major absorbance
peaks observed in the above mentioned region are
characteristic to vibrations accredited to nucleic
acid content of a cell [26]. In the spectrum of
normal tissue, the two major bands attributed to
symmetric and anti-symmetric
symmetric stretching vibrations
of phosphodiester groups are visible at 1099 cm-1
and 1253 cm-1 respectively [26,27].
[26,2
Cancerous
tissue shows a peak of lower intensity with a shift
of 8 cm-1 from 1099 cm-1 to 1091 cm-1 for
symmetric stretching vibrations of phosphodiester
groups, when compared to its normal counterpart.
Similarly, the band at 1253 cm-11 related to antisymmetric vibrations of phosphate is shifted to
1244 cm-1 with increase
rease in intensity. Additionally,
an infrared band corresponding to symmetric
stretching vibrations of phosphate monoester group
(of phosphorylated
ted proteins) is observed at 950 cm1
[26,28,29] in normal tissue, which is shifted to
959 cm-1 and appears as small shoulder peak in
cancer tissue. This can be related to structural
alterations in nucleic acid under cancerous
condition and plays an important role as an internal
marker in DNA measurement assays [30].
Further, second order derivative spectra in the 1300
cm-1-700 cm-1 region (Figure 2b) is generated to
monitor the changes in terms of band shifts and
intensity variations, which may enhance the
accuracy of our analysis. Therefore, the spectral
changes visible from infrared bands (corresponding
to nucleic acid content), it can be concluded that
the nucleic acid distribution
stribution is relatively increased
in case of malignancy, which can be related to
never ending replication of DNA in a cancerous
cell. Similar spectral features have been observed
in case of brain [31], ovary [32] and bladder tumors
[33].
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Figure 2: (a) Overlaid Infrared Spectra of Normal and
Malignant Lung Tissue; (b) Second Order Derivative
Infrared Spectra of Normal and Malignant Lung Tissue
in the Region 1300-700
1300
cm-1

Figure 3a shows the infrared spectra of cancerous
and normal lung tissue
sue in the region 1800-1300 cm-1
and possess key regions in vibrational bands, where
significant differences can be seen between the two.
This region is characteristic of functional groups
associated with protein
tein content of a cell and
represents vibrational modes due to amide I, II and
III groups [25,26]. This region is highly prone to the
changes corresponding to molecular geometry and
hydrogen bonds present in the peptides. A prominent
intense band at 1652 cm-1 (amide I) is attributed to
C=O stretching vibrations of amide group in the
protein backbone and also represents secondary
structure (alpha helix) of proteins [25]. Similarly, the
band at 1546 cm-1 (amide II) arises due to N-H
bending vibrations and is characterized by
b beta sheet
secondary structure of protein [25]. Spectral shifts
together
er with increase in intensity are visible for
these two bands in the cancerous tissue [34,35],
which have been observed for different kinds of
cancer including breast tissues of human [36].
Besides this, two vibrational bands due to in-plane
in
symmetric and anti-symmetric
symmetric bending vibrations of
CH3 (methyl group of protein) is clearly visible at
1402 cm-1 and 1455 cm-1 [25,34] in the infrared
spectra of normal tissue. These bands show
negligible shifts along with intensity deviations in
cancerous tissue. Further, spectral changes can be
more evident through second order derivative
spectra of the above mentioned region (Figure 3b)
for both cancerous and normal tissues.
t
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As proteins are linked with most of the
physiological processes of a living cell and
regulates major metabolic activities in the form of
enzymes and hormones. Therefore, monitoring
structural changes in the bands related to protein
content can give a glimpse of a physiological state
of a cell in normal as well as in diseased
(cancerous) condition and also provide information
on energy related changes to meet the increased
energy demands of a cancerous cell [37].

Figure 3: (a) Overlaid Infrared Spectra of Normal
and Malignant Lung Tissue; (b) Second Order
Derivative Infrared Spectra of Normal and
Malignant Lung Tissue in the Region 1800-1300
cm-1
Figure 4a illustrates the overlaid infrared spectra of
cancerous and normal lung tissues in the region
3100-2700 cm-1. This region corresponds to
stretching vibrations due to lipid hydrocarbons.
Spectral changes in terms of intensity are observed
in this region for cancerous tissue, when compared
to its normal counterpart. The peaks at 2861 cm-1
and 2925 cm-1 in this region are mainly due to
stretching vibrations of the CH2 and CH3 groups in
acyl chains of lipids [25,27]. The cancerous tissue
shows an increase in intensity of the bands, which
is more evident in the second order derivative
spectra of cancerous and normal tissue in the
region 3100-2700 cm-1 (Figure 4b). A rapidly
multiplying cancerous cell has different metabolic
activities and impending requirements of nutrients
and energy for the biosynthesis of all the biological
macromolecules [38]. From these deviations, it can
be inferred that lipid content is increased in the
cancerous cells, which is in corroboration with the
previous findings of our previous studies, where
significant deviations in intensity have been
J Cancer Clin Oncol

observed for lipid content in ovarian cancerous
tissue [32]. Further, these variations can be
correlated with cholesterol-rich lipid rafts, which
regulate various cellular functions including cell
survival and also with the lipogenesis rate that is
found to be highly upregulated in fast growing
cancer cells [39,40].

Figure 4: (a) Overlaid Infrared Spectra of Normal
and Malignant Lung Tissue; (b) Second Order
Derivative Infrared Spectra of Normal and
Malignant Lung Tissue in the Region 3100-2700
cm-1
Analysis of absorbance ratios: To discriminate
between cancerous and normal lung tissues,
different relative intensities of particular spectral
regions can be utilized, which may provide the
pathological state of a cell or tissue. For this
purpose, absorbance ratios of certain wavenumbers
accredited to various functional groups of
biomolecules have been determined. The
assignment of infrared spectral wavenumbers and
relative intensity ratios of the eight patient cases
under investigation is represented in Table 1. The
ratio of absorbance between Amide I and Amide II
(1652 cm-1/1546 cm-1) derived from C=O and N-H
stretching vibrations of amide groups is found to be
increased in case of malignant tissue [14,41,42]. It
suggests changes in the secondary structure of
protein and also represent structural variations in
the proteins’ alpha and beta helix as a result of their
cancerous transformation. This is in agreement
with the results reported by lee and his coresearchers [29], where Amide I and amide II
bands for lung cancer cells originated from
epithelium are intensified as compared to their
normal counterparts.
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Further, our results are in corroboration with the
findings of Yamada et al.[41]. According to their
study, the beta sheet content is found to increase as

compared to alpha helix content of protein in the
necrotic carcinoma condition. In analogy to their
study, our results follow a similar pattern.

Table 1: Assignment of Infrared Spectral Wave Number and Relative Intensity Ratios of the Eight Patient Cases
Under Investigation in Order to Discriminate Between Cancerous and Normal Cell/Tissue
Further, Lipid/Amide I ratio (2861 cm-1/1652 cm-1)
is decreased in case of cancerous tissue as
compared to normal. There are several reports,
which suggest that lipid-to-protein ratio can be
utilized as an infrared marker to differentiate
between cancerous and normal state of a cell. It can
be helpful in defining different grades of
malignancy as well [43,44]. As cancerous cell
replicate innumerably very fast and consume more
energy, therefore, the reduction in the intensity
ratio can be related with the amount of lipid in a
cell. The role of lipids in a fast growing cancerous
cell and the changes associated with its content
ratio is still an intensive subject of research. The
absorbance ratio between 1652 cm-1 and 1252 cm-1
provides the information on the relative content of
collagen and is generally increased with different
grades of malignancy. Cells, generally have
disturbed extracellular matrix (ECM), when they
are under malignant stress [45]. It has been
reported that stromal collagen concentration
encourages the initiation of mammary tumor and its
progression in the bi-transgenic mouse tumor
model [45]. This ratio increases in case of
cancerous lung tissue as compared to normal one.
The relative intensity ratio between 2861 cm-1 and
2925 cm-1(CH2/CH3) due to stretching vibrations of
methyl groups respectively, is decreased in case of
cancerous condition and provides us information
on the deviations in the distribution of lipids and
proteins in a cancerous tissue [34]. The reason
could be that in a cancer cell, the increased amount
of lipids undergo auto-oxidation and results in
oxide products of cholesterol, which is also
responsible for structural conversion of alpha helix
content into beta sheet structure [41]. The infrared
region 1100-1000 cm-1 is a glycogen rich region,
which gives an estimate of carbohydrate content in
a cell and the peaks originated in this region are
due to the functional groups associated with the
J Cancer Clin Oncol

cellular molecules [46]. Therefore, analysis of
relative intensity ratio of this region band can be
crucial in describing the biochemical state of
cancerous cell with different grades. The ratio
between
1045
cm-1
and
1546
cm-1
(Glycogen/Amide II) is found to be reduced in lung
cancer tissue as compared to its normal
counterpart. It has been reported that the
carbohydrate levels are generally allied with the
progression of disease and its metabolism and
absorption is disturbed in the cancerous condition
of advanced stage [47]. In order to have an idea
about distribution of proteins and nucleic acid
content in the cancerous as well as in normal lung
tissue, the ratio between 1099 cm-1 and 1546 cm-1
(PO2-/Amide II) has been determined, which is
found to be decreased in the cancerous tissue as
compared to normal one signifying that the above
mentioned content ratio is also disturbed in the
diseased state [48].

Conclusion: The present investigation exploits
the potential of vibrational (infrared) spectroscopy
to probe the biochemical alterations (in a
cell/tissue), allied to the cancerous state (diseased)
of a cell/tissue and compared with the spectral
features of its normal counterpart. The spectral
deviations in terms of change in intensity and shift
in wavenumber, have been observed in vibrational
signatures of lipids, proteins, nucleic acid and
carbohydrate. The spectral characteristics of
symmetric and anti-symmetric phosphodiester
bands (1090 cm-1 and 1253 cm-1) assessed major
shifts in their position along with intensity
variations, whereas bands owing to amide I (1652
cm-1, C=O stretching vibrations) and amide II
(1546 cm-1, N-H bending vibrations) revealed
minor shifts in the position as well as in intensity,
in the cancerous lung tissues.
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Further, the bands attributed to acyl chains of lipids
(2861 cm-¹ and 2925 cm-¹) represent large intensity
changes in cancerous state. The intensity changes
are further supported by second order derivative
spectral and relative intensity ratio analysis.
Nevertheless, we could investigate eight cases, the
biochemical features drawn from this study, may
unveil the molecular changes associated with the
diseased state, which can be the basis of future
studies related to the development of spectroscopy
based screening tools of the disease. Further,
statistical and multivariate analysis with
comparatively greater number of lung cancer
samples will be performed to ensure the robustness
and applicability of this method as non-invasive
alternative approach to screen lung cancer with
more specificity.
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