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The vibrational spectral differences of normal and lung
cancer cells were studied for the development of effective
cancer cell screening by means of attenuated total reflection
infrared spectroscopy. The phosphate monoester symmetric
stretching v.(PO;”) band intensity at ~970 cm ' and the
phosphodiester symmetric stretching v{(PO> ) band intensity
at ~1,085 cm ™' in nucleic acids and phospholipids appeared
to be significantly strengthened in lung cancer cells with
respect to the other vibrational bands compared to normal
cells. This finding suggests that more extensive
phosphorylation occur in cancer cells. These results
demonstrate that lung cancer cells may be prescreened
using infrared spectroscopy tools.
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Introduction

Cancer is the principal causes of death worldwide according
to the World Health Organization, with lung cancer being
one of the most commonly diagnosed types of cancer in
men and the fourth most common cause of cancer-related
death in men [18]. The early detection of invasive lung
cancer is essential in reducing its mortality rate. It has been
problematic, however, to determine the quantitative
differences in spectral signatures between normal,
precancerous, and cancer cells without causing structural
and biochemical changes.

One of the most popular diagnostic methods in the
clinical assessments of various cancers may be the
microscopic evaluation of a stained biopsy for a specific
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organ by pathologists [4]. However, efforts have been made
to improve the early detection rate using spectroscopic
methods [7]. Optical spectroscopy such as Raman [2],
infrared [4], and fluorescence [21] has been shown to be
able to discriminate between normal and malignant tissues
for many cancers. However many physical methods of
cancer analysis are yet either inaccurate or costly.

Infrared vibrational spectroscopy can provide valuable
information about the structure and composition of various
biological materials [4] and has been recently applied to
not only food sciences, but also the veterinary field [10].
Fourier-transform infrared spectroscopy (FT-IR) has been
applied to a variety of phenomena in the biomedical
sciences with fast, automated-data acquisition time and is
inexpensive. The advances in FT-IR technology make it
possible to detect inflammatory and precancerous cell
states with the advantages of a rapid measuring process and
high spatial resolution. This technique enables the study of
the state of chemical bonds and the relative concentrations
of lipids, proteins, carbohydrates, and phosphorylated
compounds [5].

There have been relatively few reports [3,5,6,11,13-17,
19,22,24] monitoring the morphology of cancer cells using
vibrational spectroscopic tools. Although there have been
several infrared spectroscopy studies [20,23] on lung
cancer cell lines, a detailed analysis on the congested
spectral features has not yet been performed. In this study,
we examined the phosphate stretching region using a peak
fitting program revealing various spectral peaks of lung
cancer cell lines to better discriminate between the normal
and lung cancer cells. The vibrational spectra of lung
cancer cells were analyzed by attenuated total reflection
infrared spectroscopy in order to screen for structural and
intracellular alterations in lung cancer cells compared to
normal human bronchial epithelial cells.
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Materials and Methods

Cell culture and sample preparation for infrared
spectroscopy

NCI-H358 and NCI-H460 lung cancer cells were grown
on RPMI 1640 (Gibco, USA). The normal human bronchial
epithelial (NHBE) cells were obtained from Cambrex (USA)
and maintained in bronchial epithelial growth medium. All
cells were supplemented with 10% fetal bovine serum and
x]1 penicillin-streptomycin antibiotics (Gibco, USA) and
maintained in 5% C0,/95% humidified air at 37°C.

Approximately 5 x 10 cells were washed with phosphate
buffer saline and 0.25% trypsin-EDTA was added for 10
min to detach the cells. After centrifugation at 1,200 rpm
for 10 min, the supernatant was discarded and washed using
phosphate buffered saline. The saline specimens were
centrifuged at 3,000 rpm for several minutes and cell pellets
were transferred to a microcentrifuge and centrifuged at
5,000 rpm for 10 min to provide a small pellet of cells for
FT-IR analysis [19].

Characterization of normal and lung cancer cells
The NCI-H460 lung cancer cells originated from a patient
with large cell cancer of the lung (ATCC catalog number:
HTB-177), which makes up approximately 10-20% of lung
cancers. The NCI-H358 lung cancer cells were derived from
a primary bronchioalveolar carcinoma of the lung from a
Caucasian patient (ATCC catalog number: CRL-5807).
Primary NHBE cells were used as normal lung cells.

Infrared measurements

The infrared spectra were obtained using a FT-IR
spectrometer with a maximum resolution of 0.09 c¢m '
(Thermo Nicolet 6700) equipped with a liquid N> cooled
HgCdTe detector [12]. A total of 128 scans were measured
in the range of 1,000-3,500 cm ' with a resolution of 4 cm .
The prepared lung cancer cell pellet was transferred onto a

ZnSe crystal of Pike Technology Miracle external reflection
accessory. Data processing was carried out using the OMNIC
v5.1a software (Thermo Scientific, USA). Spectral parameters
and fitting of each spectrum was obtained using a PeakFit
version 4.12 (Systat, USA).

Results

Infrared spectra of normal lung cells

Fig. 1a shows the mid-infrared spectra of normal lung
cells. Among several vibrational features, the amide I band
at ~ 1,650 cm ' was due primarily to the C = O stretching
vibrational bands of the peptide backbone. The amide II
band at ~ 1,550 cm ', due largely to a coupling of CN
stretching and in-plane bending of the N-H group, was also
found to be fairly strong in the infrared spectrum. The two
vibrational bands at ~ 1,460 and ~ 1,400 cm ™' could be
ascribed to the in-plane bending vibrations of CHs. On the
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Fig. 1. Infrared spectra of (a) normal human bronchial epithelial
(NHBE) and (b) NCI-H358 and (c) NCI-H460 lung cancer cells.
The spectra for each sample were read twice to check
reproducibility. The intensities were normalized with respect to
that of the amide I band at ~ 1,650 cm .

Table 1. Spectral data and vibrational assignments of normal and lung cancer cells*

Normal cells Cancer cells

Cancer cells

. %
(NHBE") (NCI-H358) (NCI-H460) Assignment
1,649 1,648 1,645 Amide [
1,548 1,549 1,548 Amide II
1,456 1,456 1,456 Methyl groups 8,(CHs)
1,400 1,399 1,400 Methyl groups 8,s(CHs)
1,235 1,236 1,239 Vas(PO2)
1,084 1,086 1,085 vy(PO>)
972 970 971 vy(POs>)

*Unit (cm ). The frequency positions were located at the center of the mixed two bands in Fig. 3. "NHBE: normal human bronchial epithelial.

*Based on Meurens ef al. [15] and Zenobi et al. [26].
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Table 2. Intensity ratios with respect to the amide I band

Normal cells Cancer cells

Cancer cells

. %
(NHBE) (NCI-H358) (NCI-H460) Assignment
1.00 1.00 1.00 Amide 1
0.814 0.815 0.881 Amide II
0.124 0.168 0.152 Methyl groups 3(CH3)
0.168 0.171 0.191 Methyl groups 8.s(CH3)
0.168 0.234 0.231 Vas(PO2 )
0.274 0.556 0.426 vy(POy)
0.0318 0.140 0.0686 vy(POs>)

*Based on Meurens ef al. [15] and Zenobi et al. [26].

other hand, the vibrational bands at ~ 1,235 and ~ 1,085
cm ' were assumed to belong to the stretching modes of the
PO, group. The weak vibrational band at ~970 m ' could
be ascribed to the POs> group. Our assignment was listed
in Table 1.

Infrared spectra of lung cancer cells

The infrared spectra of lung cancer cells were recorded as
shown in Figs. 1b and c. It is noteworthy that the v{(PO5")
and v{(PO, ), bands at ~970 and ~ 1,085 cm |, respectively,
appeared to be greatly intensified for the two cancer cells in
comparison with normal lung cells. These bands were found
to be the most enhanced for the NCI-H358 cells derived
from a primary bronchioalveolar carcinoma of the lung. It
is remarkable that the spectral difference could be clearly
observed by direct observation of several vibrational bands
in the present study. The relative intensities with respect to
the amide I band are summarized in Table 2. Fig. 2 shows
histograms for the three lung cells of several vibrational
band intensities. An expanded view of infrared spectra in
the wave number range of 900~ 1,290 cm ' for normal and
lung cancer cells are shown in Fig. 3. There were quite a
few spectral features curve fitting under 900 ~ 1,290 cm '
for normal and lung cancer cells (Fig. 3). In addition to the
v(POs”) and vy(PO; ), bands at ~970 and ~ 1,085 cm ',
respectively, there were also bands observed at 916, 1,029,
1,056, 1,118, and 1,155 c¢cm '. These bands could be
correlated as carbohydrates or glycoconjugates. In addition,
the vas(PO, ) band at ~ 1,235 cm ' can be decomposed to
the two bands at 1,221 and 1,244 cm . One of these two
bands may be ascribed to the torsional mode of CH,. These
bands were also found to be slightly different from the
normal or lung cancer cells as shown in Fig. 3. It is
noteworthy that the bands at ~1,030 and ~ 1,155 cm '
were relatively more enhanced for the normal cell.

Discussion

In the present study, the symmetric vs(PO; ) band at ~

1,085 cm ' and the phosphate monoester symmetric
stretching v{(POs> ) band intensity at ~970 cm ' were
intensified in lung cancer cells compared to normal lung
cells. This may be attributed to structural changes in DNA
or volume density. A similar phenomenon was reported by
Gazi et al. [5] and Maziak et al [14]. According to Gazi et
al. [5] the vy(PO, ) bands at ~ 1,085 cm ' were intensified
in prostate cancer tissues compared to normal prostate
epithelial cells. The frequency positions of the vy(PO, ) and
vas(PO7 ) bands were also shifted in malignant esophagus
tissue [14].

In addition, the relative intensity factors of Absorbance
vi(POs> )/ Absorbance (amide 1) or Absorbance v{(PO,)/
Absorbance (amide I) could be used to discriminate lung
cancer cells from normal cells. It is worthwhile to note that
the intensities of the amide I bands appeared to be always
stronger than those of the amide II band without indicating
serious artifact or spectral contamination due to the
dispersion effect in the reflection method as previously
published in our spectral features, [17]. The glycogen level
is assumed to decrease during carcinogenesis, resulting in
a decrease in their intensities as previous reported [24]. It
seems clear that the vy(POs” ) and vy(PO; ) bands at ~970
and ~ 1,085 cm ', respectively, may provide significant
differences between normal and lung cancer cells. Based
on the spectral data, our conclusions appeared to be
consistent with several previous reports [20,23]. In this
work we mainly focus on the analyses of multiple spectral
features in the infrared spectra of lung cancer cells. Protein
phosphorylation is involved in many cellular regulatory
processes [8]. For example, the phosphorylation of p53,
which is a tumor suppressor, is important in the regulation
of p53 activities [9]. In tumor cells, deregulation, including
the phosphorylation modification of p53, is frequently
observed in tumor cells and known to be associated with
tumorigenesis [1,25].

There are several tools to identify cancer cells and cancer
diagnosis. Compared to the established techniques, the IR
method is relatively inexpensive, fast and can be automated.
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Fig. 2. Relative band intensities for NCI-H358 and NCI-H460 lung cancer cells and normal NHBE-P5 cells for (a) VS(PO327), (b) vi(PO, ), (c

Vas(PO: ), (d) 8.5(CH3), (€) 8(CHs), (f) amide 11, and (g) amide I bands. The intensities were normalized for the amide I bands at ~ 1,650 cm .
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Fig. 3. Spectral curve fitting of (a) NHBE and (b) NCI-H358 and
(c) NCI-H460 lung cancer cells in the wavenumber region of 900 ~
1,290 cm . Each sample was tested twice to check the spectral
reproducibility. The y-axis scale is the absorbance in arbitrary
units.

Moreover, it checks cells in their natural state without the
need for fixation and/or staining [4,19].

In the present study, it was found that the phosphate and
phosphodiester stretching bands clearly discriminated
between normal and primary bronchioalveolar carcinoma
cells. These results suggest that greater phosphorylation
occurs in lung cancer cells compared to normal bronchial
epithelial cells. Taken together, these results demonstrate
that lung cancer cells may be prescreened by means of
infrared spectroscopy based tools.
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