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Abstract— Here we report on a novel infrared sensor system
for measuring the CH,-symmetric/CH,-antisymmetric stretch
ratio of cell samples. Based on IR absorbance speztof
healthy and malignant breast [1], blood [2] and brén [3] cells
found in literature we hypothesized the possibilityof disease
stage cell discrimination by only comparing a few lasorbance
peaks in the lipid absorbance wavelength region beeen 3 and
4 um. By comparing the lipid CH-symmetric and CH,-
antisymmetric stretch ratios (with baseline correcion and
normalization) of three defined epithelial kidney ell lines,
healthy MDCK and carcinoma A-498 and Caki-1 with the
developed sensor, significant stretch ratio diffeneces have
been found between healthy and tumor cell types (@neven
between the two tumor types). The developed LED-phadiode
based infrared absorbance sensor could be used fquick pre-
screening of biopsy samples which, compared to ldbey and
staining techniques, does not require highly traing personnel
and is much cheaper than liquid nitrogen cooled FTR spec-
troscopes.

Keywords— Infrared absorbance sensor, Label-Free, Cell
analysis

I. INTRODUCTION

In recent years cancer is becoming the number ae d
ease of dead causes [4]. The development of ditignos

tools plays an important role in understanding fineda-
mentals of tumor development and in selecting tteper
treatment. Normally the screening of biopsies fosgible
malignant cells is done by visual inspection ofledi with
labeled or stained cells. The labeling and stainiech-
nigues are expensive and the visual inspectionms ton-
suming, performed only by highly trained personaat
also results in false positives and negatives fergcervical
tumor screening the interobserver reproducibilgy viery
low [5]).

Infrared spectroscopy, IR absorbance due to spauii-
lecular vibrations, is an interesting diagnostiol tavithout
the need of added labels with the ability to analgzll
components such as DNA, RNA, proteins and lipidg.
comparing the IR absorbance spectra of healthynaaild-
nant cells, published in literature (e.g. in brefdgt blood
[2] and brain [3]), we hypothesized a new concepdistin-
guish cell types. It concerns a few-wavelength tasell

type discrimination concept in the wavelength reghwe-
tween 3 and 4 um. In this region specific lipid @lance
peaks [6] can be found (Gtnd CH-symmetric and anti-
symmetric stretch).

To test the few-wavelength hypothesis we recordedl a
compared our own data set of healthy (MDCK) anctiear
noma (A-498 and Caki-1) epithelial kidney cell kneith a
Fourier transform infrared (FTIR) spectroscope. TRe
absorbance ratio Gksymmetric/CH-antisymmetric stretch
(3.51/3.42 um) differs between the cell types. Tiso is
increased in the carcinoma cell lines compared h® t
healthy MDCK cell line (Fig. 1). This confirms thitis
possible to distinguish between healthy and carmmepi-
thelial kidney cell lines by only measuring the #Rsor-
bance at a few wavelengths. To compare the lipid, CH
stretch ratio of different samples baseline coroactand
normalization is required. This is normally donethwihe
software package supplied with the IR spectroschystead
of recording the whole IR spectra between 2 anduf0
with an expensive FTIR spectroscope, comprisingaof
liquid nitrogen cooled detector, we developed a llema
faster and cheaper sensor system based on LED light
sources, narrow bandpass filters and a room termysera
operable photodiode detector which could be usedige
criminate between healthy and tumor cell types.

A\ CaT
l —MDCK
I
= I A
= /) AN N
g II’/ \\\\ T 1’/\:
- \
i A
= / \
< Il \\
J .
3.33 3.38 3.43 3.48 3.53 3.58

Wavelength [pm]

Fig. 1 Normalized and baseline corrected IR Absotkapectra of epi-
thelial kidney cells MDCK and Caki-1 recorded witlBruker Equinox 55
spectrometer (240 scans per spectrum, 4 cm-1 tesoknd 1 mm beam
diameter). The absorbance peak at 3.51 um is isetea the Caki-1
carcinoma cell line compared to the healthy MDCK lo®e.



II. MATERIALS AND METHODS C. Sensor

The developed sensor (Fig. 3) measures the infralped
sorbance values at four specific wavelengths (33332,

The investigated epithelial kidney cell lines, hieplca- 3.51 and 3.57 um). The emitted light of two LED IR
nine MDCK (ATCC CCL-34) and two human carcinoma A-sources (center wavelength at 3.4 and 3.6 um) alte c
498 (ATCC HTB-44) and Caki-1 (ATCC HTB-46), were mated by plano-convex lenses and directed atex filheel
cultivated under the same conditions in monolayerl®  with narrow bandpass filters (NBP). This way, fraach
transparent calcium-fluoride (CgFslides at 37°C and 5% LED multiple wavelengths can be selected (in owec 33
CO.. The culture medium consisted of Dulbecco's Medifi and 3.42 pm from the 3.4 um LED and 3.51 and 3157 p
Eagle Medium (DMEM), 2 mM L-glutamine, 10% fetal tal from the 3.6 pm LED). After passing the NBP theestdd
serum (FCS) and antibiotics (100 units/ml penigjllil0O0  wavelengths are focused on a 1.5 mm aperture aab
pg/ml streptomycin and 0.25 pg/ml Amphotericin B) a splitter and another plano-convex lens.
obtained from Lonza. Before the IR absorbance nreasu To detect the transmitted light through a sampleaby
ments the sample slides were washed twice in pladsph room temperature operable photodiode (PD) two it
buffered saline (PBS) to remove detached cellsmadium  plano-convex lenses are used.

A. Sample preparation

components and dried for 3 hours in a sterile lamftow By manually rotating the filter wheel the two othidtiers
cabinet to remove the water fraction. can be selected. To prevent the LEDs and PD shittieir

center wavelength, they are all built into housiegstain-
B. Detection method ing a thermocooler. The two LEDs are emitting Sputses

] ) alternately at a carrier frequency of 2 kHz (oneDL& the
To determine the IR absorbance ratio between,-CHp flank the other at the down flank of the carsenal).

symmetric and Chantisymmetric stretch (3.51/3.42 um) The amplified photodiode signal (PD connected taiment
out of the total absorbance signal and to compiferent 5 yoltage amplifier) is only recorded when an LEDemit-
samples baseline correction and normalization dgiired. ting. This is realized by connecting the carriegnsils of
For normalization and baseline correction the IRoabance oth LED drivers and the amplified photodiode sigioaa
values at two additional wavelengths (at 3.33 ad 3im)  yata acquisition board which is programmable withlat-

are recorded (Fig. 2). This way the non-functioabbor- |ap script. This method is used to measure the HSom
bance values under the base line can be calcudai@dub- 5ce values at two wavelengths simultaneously.

tracted from the total absorbance signal resulimghe
functional values. By dividing the functional abisance

g the . . LEDA
value from the Cklsymmetric with the antisymmetric
stretch band the normalized ratio will be obtaimddch can Diano
be used for sample comparison. lenses  ——
A“tisst};.l:t:;,etri&l'lz ?illtBe':s Plano convex

------ |enses

. Beam splitter « Photo

N v \
LED $ : Sample diode
< ' ; =} =
. B
5. 3 e
< .
Y Symmetric
2 stretch
s CH,
o
2
= c.
< ~..
~

| any

| [

| [

I ) ; .

! : Fig. 3 Sensor concept. Two LEDs operated in altérgaiulse mode both

A: 333 3.42 emitting in a broad range so that with changeabieow band pass filters

(NBP) two wavelengths can be used (3.33 and 3.42quirED1 and 3.51
Fig. 2 Ratio determination. From each sample therisice at 3.33 and  and 3.57 um for LED2). A beam-splitter is useddeous the two beams on
3.57 um is used for the base line (dashed blackvajrcalculating the the same spot of the sample. The photodiode (Piyed as detector and
absorbance ratio 3.51/3.42 um (dashed black greys). can be operated at room temperature.



D. Data analysis

The absorbed IR light by the sample is determingd b

comparing the transmittance difference of an enyal
cium-fluoride slide and one containing the samglénter-
est. 8 us LED pulses are sampled at a rate of dlfbsam-
ple points per pulse. To get the proper informatan of a
pulse the mean voltage of the four second highalsieg is
used (Fig. 4). By averaging the values of multipldses
more accurate absorbance values can be obtained.
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Fig. 4 Amplified photodiode signal of a single 8IED pulse. By averag-

ing the voltage values of the four second highestme points (gray dots)
one voltage value will be assigned to the pulsduther comparison.

. ResuLTs

The developed sensor system, measuring the infedred
sorbance at four wavelengths to determine the Npid}-

symmetric / CH-antisymmetric stretch ratio, has been use

to distinguish healthy from carcinoma epitheliadriey cell

lines. The absorbance measurements were made Jfte

hours of sample drying. Fig.4 shows the baselirreected
and normalized CHstretch ratio of MDCK, A-498 and
Caki-1. For every cell line the average value afrfd.5 mm

As can be seen in Fig.5 there is a significanbrdiffer-
ence between the healthy MDCK and carcinoma, A&88
Caki-1, cell lines. Even between A-498 and Caki-flatio
difference of about 20% is detected.

Directly after the measurements the samples weredt
in a closed polystyrene box at room temperature.ddys
later the same samples were measured again for Ghbi
stretch ratios (the same way, four spots, meastwad
times). This resulted in comparable lipid £stretch ratios
as measured earlier (0.49, 0.59 and 0.71 for MD&K98
and Caki-1, respectively).
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Fig. 5 CH-symmetric / CH-antisymmetric stretch ratio of three epithelial
kidney cell lines MDCK (healthy) and two carcino®a98 and Caki-1.
The absorbance values at wavelengths 3.33 andu3:5are used as base-
line points (set to zero). Next, the baseline cia® absorbance points at
3.42 and 3.51 pum are normalized so that differezssurements can be
compared. The stretch ratios of the carcinomalicel are higher com-
pared to the healthy cell line (0.62 and 0.73 caempéo 0.47).

IV. Discussion

When cytology or histopathology techniques are dsed

gancer prevention programs the outcome of suck st
pends on the judgment of the cytotechnologist aattigio-
rgist. A study of the interobserver reproducibility cervical
cancer [5] showed strong irreproducibility and éalsega-
tivity.

Infrared spectroscopy has the potential to detentpo-

nents such as DNA, RNA, proteins and lipids labeé&fbut
due to the requirement of a liquid nitrogen cootktector
and high price it not a potential device for ease-p
screening purposes.

With the developed LED-photodiode based infrared ab
sorbance sensor it is possible to determine tle bbatween
lipid CH,-symmetric and antisymmetric stretch with base-
line correction and normalization.

diameter spots measured four times each were cewchpar
Because the pulsed LEDs were operating at a frexyuaf2
kHz it was easy to record multiple pulses to geteraxcu-
rate data values. For these measurements 500 pogses
wavelength were recorded, resulting in a total @® rec-
orded pulses per wavelength per cell line.



The compared samples used for the presented experi-

ments were all epithelial kidney cell lines but noiginated
from the same species instead we compared healthipe
cells with two human carcinoma cell types. Fromrigsults
it can be concluded that the developed sensorheagdten-
tial for detecting the lipid Chistretch ratio which otherwise
only could be detected with an infrared spectroscdy
comparing FTIR spectroscope recorded absorbanadrape
of healthy and malignant blood, breast and bralis éeund
in literature differences in lipid CHstretch ratios between
healthy and malignant cell type can be derivedsThdli-
cates the potential of the developed sensor. Becalithe

relatively cheap design and the lack of necessqpgrsive  2-

chemicals the sensor could be interesting for fas:-
screening of biopsy material (e.g. blood, breadtladney).

V. CONCLUSIONS

Sl

A significant difference between Giymmetric and
CH,-antisymmetric stretch ratios of healthy versusicar

ma (and even between two carcinoma) epithelialdgydrell 6

lines have been detected with a novel infrared@esystem
based on two LED light sources and a room tempegatu
operable photodiode as detector.

The developed sensor could be used for quick pre-
screening of biopsy samples which compared to itadpel
and staining doesn’t require highly trained persbramd is
much cheaper than liquid nitrogen cooled FTIR spset
copes.
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