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ABSTRACT

The feasibility of discriminating atrophic gastritis and gastric cancer from healthy controls and gastric cancer after
operation by serum based on Raman spectroscopy was explored. Fifteen atrophic gadtritis, 16 gastric cancer, 12
gastric cancer after operation and 14 controlswere selected in our experiment. Comparison between different Raman
spectra demonstrated that there are changes occurred with the deterioration of diseases. Three parameters were
calculated and compared among groups. This exploratory study demonstrated potential for developing serum Raman
spectroscopy analysisinto clinical use for gastric diseases.
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INTRODUCTION

American cancer society estimates that about 2asted new cases of gastric cancer will be diagnceedi 11
thousand related deaths will occur in 2013 in U3AQluring cancer depends upon early diagnosis anthpt
treatment[2]. Biomedical imaging such as magnetsonance imaging (MRI), positron emission tomogygBteT),
and computed tomography (CT) for gastric cancergasdritis are the main methods for gastric dise#sgnosis[3].
However, these conventional methods have drawbmalts as tedious and easily influenced by humaorfs{d].

Raman spectroscopy is caused by inelastic lighttesgzg and can provide ‘fingerprint’ spectra foarficular
molecular structure[5]. It can provide quantitatindormation about the biochemical and morphologatates of
tissues in a noninvasive manner[6]. Over the lastade, the use of Raman spectroscopy has growificagtly.

Raman spectroscopy has been applied to a numtaisedses detection[7]. Applications include lunggalst and
cervical cancers, etc[8-10].

In this study, Raman spectroscopy of serum takem fgastric cancer were measured and compared. 9 i@mntl
characteristic parameters of the Raman spectra areayzed among groups. Our research aims to fineffective
way for differentiations among atrophic gastrigjastric cancer, gastric cancer after operationnamohal.

EXPERIMENTAL SECTION
Forty-five selected samples were studied, and wengposed of seven 14 normal cases, 16 gastric rsa(tmefore
operation), 12 gastric cancers (after operationdl, 55 atrophic gastritis. All specimens were ol#difrom Tumor

Hospital of Liaoning Province and have been exatitignosed in clinic.

Subjects were phlebotomized before breakfast imingrin view of the interference of the intake afiant food. The
vein blood obtained was separated in segrega@rspeed of 3000 rot/min for ten minutes. Then ugpeum was
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sucked and made into samples. All samples were tadustored in refrigerator (temperature 4°C) wsitidy but not
exceeding three weeks, and were partitioned asalarases, gastric cancer (before operation), gastricer (after
operation), and atrophic gastritis. For spectrogrefudy, specimen about 2 mL was injected intaarg cuvette
with a one-off sucker.

The experimental setup is shown in

Figure1. An Ar-ion laser is used as the source of exdtatight (488.0 nm and 514.5 nm). After modulatlpna

chopper (modulation frequency is 700 Hz), the ldseam is reflected into the sample (pass througlette

lengthways from the mouth of cuvette to the bottamYhe vertical direction of the beam, fluoresoeiand Raman
spectrum was focused by a lens into a double spaeter (it can be precisely controlled by a computgquipped
with a PMT. And after amplified by a lock-in amdif, spectral data were input into a computer aadisacted.

The fluorescence and Raman spectra cover the Gir&0 - 640 nm with a resolution of 2€miThree spectra were
recorded for each sample. The first is excited b4.5 nm, and the second is excited by 514.5 nm séteples are
radiated by laser.

We calculated the values of three parameters aidia our former studies. But the most importanthis study is to
find the best criteria for spectral diagnosis dftga cancer and differentiate gastric cancer father gastric diseases.
In order to improve the diagnostic accuracy, maaly@s were tested and the best one that fit farigasncer was
discovered.

Chopper
L Serum PMT
Ar' Laser - Double
Spectrometer
Feedback Signal
Signal
Computer Lock-in
p Amplifier

Figure 1. Experimental setup of spectroscopy system
RESULTSAND DISCUSSION

Among the seven normal cases, six exhibit thresively strong sharp peaks (A, B and C). A typimaé is shown in
Figure 2(a). And the residual one has not, we thgwagcounting for the bad quality of serum. Adtitlly, there is a
broad, featureless fluorescence band centered?atri4Raman peaks A, B and C at the range from &&0Go 1579

cm™* were generated by biochemical constituents ofimepltyrosine and phenylalanine related to pathioklg
changes of gastric diseases[11].

Spectra of gastric cancer after operation and tieeas normal people both have three apparent Rgraaks (see
Figure 2 and Figure 3). It indicated that two kimdisamples had similar components and the abnanetlbolism of
tumor cells was refrained after operation. Lattexreinations in clinic proved that the operation wesy successful.

For atrophic gastritis and gastric cancer afterajpen, three sharp Raman peaks were observee ispictra excited
by 514.5 nm (Figure 2). The intensity of them i&éo in contrast to normal cases, but higher thastrigacancer
before operation. But the spectrum of gastric cabeéore operation only has a broad fluorescenoe lsantered at
550 nm, without any sharp Raman peaks. Howeveotabte difference is that the red shift of fluomsce peak in
atrophic gastritis and gastric cancer are oftegdrighan 12nm, whereas are less than 12 nm in haasas and
gastric cancer (after operation). Just as nornsgs;aspectra excited by 514.5 nm after radiatddsey (Figure 3) of
atrophic gastritis, gastric cancer before and afparation all changed remarkably, both spectrapstand intensity
distribution compared with spectra excited by 5I#hb(Figure 2).
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Figure 2. Raman spectra excited by 514.5 nm of the four groups
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Figure 3 Raman spectra excited by 514.5 nm after radiated by laser of the four groups

For quantitative evaluation of the spectra, thrasameters were designed. The three parametesiare and .
Among themAX is the red shift of fluorescence peaks the ratio between the fluorescence peak ineasb20nm
and the intensity at 634 nmisy/lezs P is the ratio between the relative intensity of Ranpeak C radiated by
514.5nm and the one excited by 488.0 nhgys14ss.0

Three parameters of the four groups (normal, atoogdstritis, gastric cancer and gastric cancer afperation) were
calculated and the results were shown in TablerdmRhe table we can see that, all the three pammbave
statistically significant difference between gropsalue<0.001).

Experimental data showed ttfatvas an applicable parameter for demarcation betwemsmach cancer and atrophic
gastritis. Comparison showed the best values w2reni, 0.8 and 1.0 respectively. But for the diagha$ colon
cancer, researchers indicated that the best valeass11.3 nm, 0.94 and 1.02 respectively. We etilfz< 1.0 as a
criterion and got an accuracy of 81.5% in stomatcter detection. In clinical medicine, atrophictgts is viewed as
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a kind of pathological change before gastric canted the similarities of them in spectrum aftemgdes are radiated
by laser, to some extent, indicate that there ameyndentical components in their serum.

Though it is observed that the serum native flumgase spectra of stomach cancer cases are digtiitdrent from
that of atrophic gastritis cases, it should be di¢hat the fluorescence spectra of other typesoohach diseases had
not been investigated, and whetPés the real distinction between stomach cancerdingr stomach diseases should
be testified by more researches on the serum niftioeescence spectra of other stomach diseases.

Another distinction is the ratia) between relative intensity at 520 nm and at G84mspectrum excited by 514.5 nm
after radiated by laser. In normal cases and stbroaacer (after operationy,usually bigger than 0.8, and in others
are less than 0.8. Usimg. or a, we can only differentiate most stomach cancenfrmrmal cases and stomach cancer
(after operation). Other features should be foundigtinguish stomach cancer from atrophic gastriti

Figure 4 is the three parameters of all the sanfptes three groups. From the figure we can see fratameters
belonging to different groups have apparent difieralues. The results show that the three paramate useful in
the prediction of groups.

Table 1. Three parametersand the SD value of three groups

Value (mean + SD)

Parameters Normal Atrophic gastritis ~ Gastric cancerGaStrIC cancer p-value
after operation
AL 10.571(0.495) 12.867(0.806) 13.062(0.747) 10.246® <0.001
o 0.957(0.049) 0.707(0.025) 0.706(0.024) 0.721(0.001<0.001
B 1.064(0.048) 1.080(0.040) 0.844(0.049) 1.058(0.049<0.001
*  Mormal

X Atrophic gastritis
*  (Gastric cancer
Gastric cancer after operation
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Figure 4. Values of the three parameter s of the three groups

CONCLUSION

We investigated the spectra of normal, stomach eraffwoth before and after operation), esophagusetaand
atrophic gastritis sera for stomach cancer detecfResults demonstrate several points. First, spedtdifferent
samples exhibit different features, but we cannfiergntiate them from each other at once; secafidhe three
parameters we have introduc@dis the best one that can differentiate stomaclearafiom other cases, especially
from atrophic gastritis. Therefore, we suggest ttaive fluorescence spectroscopy of blood plasmaalme used as a
potential method to discriminate stomach cancejestdfrom normal and other stomach diseases gtdopwever,
spectra of other stomach diseases have not beesuredaand extensive studies with more numbers#schave to be
carried out to examine the repetition of such défece features between different samples.
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