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Abstract. It is widely accepted that FTIR spectroscopy has a huge potential in cancer diagnosis. However further work is
required to bring this technique into pathology departments. One of the areas where big efforts will be required is the devel-
opment of cell spectra databases to be used in the diagnosis of cancer. Presently, unstained cytology and tissue samples are
studied with FTIR spectroscopy. However, it is not always possible to identify in unstained samples the types of cells present.
In order to achieve this, samples need staining after FTIR spectra have been obtained. We have recently shown it is possible to
obtain FTIR spectra of stained cells using a synchrotron source (10.1038/labinvest.2010.8). This allows recording FTIR spectra
from cells already characterized by pathologists. In order to further this work, we have now obtained FTIR spectra from stained
(Papanicolau or Haematoxylin & Eosin) single cells using a benchtop spectrometer. This would be the logical step towards a
clinical application in cancer diagnosis. The data here presented show that staining caused a decreased intensity of the peaks at
2920 cm−1 and 2850 cm−1, and the appearance of stronger peaks at 1374 cm−1 and 1040 cm−1. The clinical applications are
discussed.
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1. Introduction

Over the last few years, it has been shown that FTIR spectroscopy could become a powerful tool in the
diagnosis of cancer. While the clinical application is not here yet, the increasing number of publications
on the subject confirms this belief (reviewed by Andrus) [1]. One of the main steps towards a clinical
application will be the development of cell spectra databases for diagnostic purposes. This, however,
will involve a huge workload and time. At present, FTIR spectra are usually obtained from unstained
cytology and/or tissue samples. This entails the difficulty of identifying, before staining, the types of
cells present in the sample. However, this could be made faster if FTIR spectra could be obtained from
already stained samples. This would allow first, pathologists to identify the cells of interest and, second,
spectroscopists concentrating on obtaining FTIR spectra of those cells deemed important for the setting
up of such databases.

To our knowledge, the only example of FTIR spectra recorded from stained samples was carried out
by Dukor [2] using breast tissue sections mounted on a glass slide and studied with FTIR attenuated total
reflectance (ATR) microspectroscopy. However, it is more difficult to obtain FTIR spectra of a single,
chosen cell using ATR microspectroscopy when compared to FTIR microspectroscopy using transmis-
sion or reflection modalities. We have previously shown that it is possible to obtain FTIR spectra of
already stained single cells on MirrIR low-e microscope slides using a synchrotron source [9]. How-
ever, pathological diagnosis of cancer entails, amongst other, studying cytology and/or tissue samples.
Furthermore, should this technique prove to be useful in cancer diagnosis, benchtop instruments will
need to be available at Pathology Departments rather than using synchrotrons, which in spite of their
important biomedical applications [3] could lengthen the whole diagnostic process. Therefore, the aim
of this study was to assess whether FTIR spectra could be obtained, using a benchtop spectrometer, not
only from stained cells seeded on MirrIR low-e microscope slides but also from single cells present in
already stained tissues.

2. Materials and methods

2.1. Cell lines

The lung epithelial cell line NL20 and the epidermoid lung cancer cell line CALU-1, purchased from
the American Type Culture Collection (ATCC, LGC Standards, Teddington, UK) and the European
Collection of Cell Cultures (ECACC, Salisbury, UK), respectively, were used in this study. NL 20 cells
were kept in culture in Ham’s F12 (Lonza, UK) supplemented with 4% Foetal Calf Serum, insulin,
epidermal growth factor, transferrin and hydrocortisone according to the provider’s instructions. CALU-
1 cells were kept in culture in DMEM with 10% Foetal Calf Serum. Cells were incubated at 37◦C in 5%
CO2 in tissue culture flasks (Sarstedt, UK).

2.2. Cell growth on MirrIR low-e microscope slides

Cell growth on MirrIR low-e microscope slides (Kevley Technologies, Chesterland, OH, USA) has
been previously described [8]. Briefly, cells growing in tissue culture flasks were detached before reach-
ing confluence with trypsin/EDTA (Sigma, UK) and collected by centrifugation at 1200 rpm for 7 min.
Supernatant was removed, and the cell pellet was resuspended in 5 ml of culture media. Cell viability
was assessed using the trypan blue exclusion method. Cells were then seeded at 5 × 104 cells in 200 µl
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of complete media on MirrIR low-e microscope slides and incubated for 2 h at 37◦C and 5% CO2 to
allow them to attach. Following this, slides were incubated in a Petri dish with 15 ml of complete media
for 22 h at 37◦C and 5% CO2.

In order to confirm that exactly the same cells were studied with FTIR spectroscopy pre- and post-
staining, a grid was drawn on MirrIR low-e microscope slides using a diamond pen as previously de-
scribed [9]. This approach allowed identification of each individual cell based on row and column num-
bers.

2.3. Cell and tissue staining

Lung cancer and lung epithelial cell seeding on MirrIR low-e microscope slides and fixation have been
previously described [9]. Cell samples were stained with Papanicolaou (Pap) using the same standard
staining protocol used at the Pathology Department at the University Hospital of North Staffordshire
(UHNS). Lung tissue samples were obtained following ethical approval from already stored tissue in
paraffin. 5 µm thickness sections were cut, dewaxed and stained with Hematoxylin & Eosin (H&E) at
the Pathology Department, UHNS. H&E includes a first step staining with haematoxylin and then eosin
while Pap staining includes staining with haematoxylin, Orange G and EA50 in this order. More impor-
tant, H&E staining includes one washing with ethanol after eosin staining but not after haematoxylin.
However, Pap staining includes ethanol washings after haematoxylin, Orange G and EA50 stains are
added to the sample.

2.4. FTIR microspectroscopy

FTIR spectra of single cells on MirrIR low-e microscope slides and in lung tissue were obtained
using a Spotlight 400 benchtop spectrometer (Perkin–Elmer) available at the laboratory facilities at
Gloucestershire Royal Hospital, and a Bruker spectrometer (vertex 80v) available at Diamond Facility
(in offline mode). Both instruments have a microscope fitted with both white light and infrared optics
and a liquid nitrogen cooled MCT detector. Spectra were collected at 4 cm−1 resolution using a double
path single masking aperture size of 20 × 20 µm2 in order to include whole single cells. Spectra were
processed and corrected for the Mie scatter using Extended Multiplicative Signal Correction [6].

Also, spectra of single cells within lung tissue were recorded at the SMIS beamline of the Soleil
Synchrotron facilities (Saint-Aubin, France). A Nicolet Nexus FTIR spectrometer coupled to a Nicolet
Continuum XL IR microscope fitted with 32× infinity corrected Schwarzschild objective and equipped
with liquid nitrogen cooled MCT/A detector. Spectra were collected at 4 cm−1 resolution using a double
path single masking aperture size of 15 × 15 µm2.

3. Results

3.1. FTIR spectra of single stained cells using a benchtop spectrometer

FTIR spectra of exactly the same CALU-1 and NL20 cells pre- and post-Pap staining were obtained
using a benchtop spectrometer. Figure 1 shows the mean of 50 spectra of 50 individual CALU-1 and
50 individual NL20 cells pre- and post-staining. The main differences were seen in the lipids area with
a decreased intensity of the peaks at 2920 cm−1 and 2850 cm−1 following staining with Pap. Other
changes were the appearance of stronger peaks at 1374 cm−1 and 1040 cm−1 following staining with
Pap.
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Fig. 1. Mean spectrum of 50 FTIR spectra from the same 50 individual CALU-1 cells prior (A) and post (B) Pap staining, and
from the same individual NL20 cells prior (C) and post (D) Pap staining. Spectra are offset for clarity.

3.2. FTIR spectra of single cells in stained lung tissue

We studied whether FTIR spectra could be obtained from single cells within H&E stained tissue using
either synchrotron or a benchtop spectrometer. The advantage of analyzing stained tissue is that the in-
frared beam can be more easily focused directly onto one single cell decreasing spectral contamination
from surrounding tissue and/or cells. Figure 2 shows it is possible to obtain FTIR spectra with good
signal to noise ratios of a single lung cancer cell using either a synchrotron source or a benchtop spec-
trometer. Again the same changes in the lipids area (a decrease of the intensity of the peaks at 2920 cm−1

and 2850 cm−1) were seen as described in the spectra of single lung cancer and lung epithelial cells fol-
lowing staining with Pap. These confirm that the changes in the lipids are due to the staining procedure.
On the other hand, a peak was also seen at 1374 cm−1 in the spectra of stained cancer cells studied with
either a synchrotron source or a benchtop spectrometer (Fig. 2) suggesting this could be another spectral
change caused by the staining procedure.

4. Discussion

H&E and Pap staining techniques are widely used in pathology departments. H&E is mainly used to
stain tissue samples while Pap is used to stain cytology samples. The advantage of using stained samples
in FTIR spectroscopy is that individual cells can be identified and classified (normal, dysplasia, cancer,
reactive, and so on) by a pathologist/cytologist before obtaining their FTIR spectra [9]. Therefore, it is
important to confirm that FTIR spectra with good signal to noise ratio can be obtained from single cells
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Fig. 2. Representative FTIR spectra of 2 lung cancer cells in an already H&E stained lung tissue sample obtained with a
synchrotron source (bottom spectrum) and a benchtop spectrometer (top spectrum). Spectra are offset for clarity.

in already stained tissues if a clinical application in cancer diagnosis is to be achieved. Furthermore, for
this technique to be widely used in a hospital set up, it is important to confirm that good quality spectra
can be obtained from such samples using a benchtop spectrometer.

The study of Pap stained single cells on MirrIR low-e microscope slides using a benchtop spectrometer
confirmed the changes seen in the lipid area using synchrotron based FTIR spectroscopy [9]. These are
the disappearance of the peaks at 2920 cm−1 and 2850 cm−1 corresponding to CH2 stretching modes
of methylene chains in membrane lipids [7,4,11] caused by ethanol washings during the Pap staining
process (Fig. 1). This is further confirmed by the fact that the same changes in the lipid area were seen
when obtaining the FTIR spectra of single cells in H&E stained tissue samples using either a benchtop
spectrometer or synchrotron (Fig. 2). On the other hand, we saw a new peak at 1374 cm−1 in both
stained cytology and tissue samples. Paraffin has an absorption peak at around 1378 cm−1 [10]. It could
be argued that this peak in tissue samples could still be due to remains of paraffin. However, the fact that
this peak also appeared in cytology samples devoid of paraffin (Fig. 1) would indicate that the emergence
of this peak is due to the staining process. Furthermore, haematoxylin (a component of both H&E and
Pap which gives the strongest peaks) has a broad band at 1350–1450 cm−1 [9]. The peak at 1040 cm−1

was seen in cells on MirrIR low-e microscope slides stained with Pap (Fig. 1) but not in cells present
in tissue samples and stained with H&E. This peak has been associated with the carbohydrate signal
νs(C–O–C) [5]. It is not possible at this stage to say whether the appearance of this peak following
staining with Pap is due to the staining process itself as haematoxylin has a strong peak at 1050 cm−1

but not at 1040 cm−1 [9]. We are carrying out further work to better understand these changes.
The data showed in this feasibility study confirms that it is possible to obtain FTIR spectra of both

stained cells and tissues using a benchtop spectrometer. This opens up a huge array of possibilities in



78 J.K. Pijanka et al. / FTIR microspectroscopy of stained cells and tissues

the pathological diagnosis of cancer as it will allow obtaining FTIR spectra of already pathologically
characterized cells. Some of the benefits of this procedure will be the increased speed in setting up
spectral databases of cells as spectroscopists could now focus directly on the cells of interest. Also, the
study of already stained cells with FTIR spectroscopy will allow pathologists to further characterise
those cells deemed abnormal but not necessarily diagnostic of cancer. The latter could lead towards a
quicker diagnosis of cancer rather than waiting for a further biopsy with all the risks, side effects and
costs that this entails for patients and the NHS.
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