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Abstract. Confocal micro-Raman spectroscopy—a valuable analytical tool in biological and medical field of
research—allows probing molecular vibrations of samples without external labels or extensive preparation. We
employ confocal micro-Raman spectroscopy to characterize renal tumors and normal tissue. Results show that
Raman peaks of the renal tumor at 788 and 1087 cm−1, which belong to νsPO2

− and νasPO2
− stretching, respec-

tively, have an obvious increase. At the same time, the ratio of I855∕I831 in renal tumor tissue is 1.39� 0.08, while
that in normal renal tissue is 2.44� 0.05 (p < 0.01). This means that more tyrosine conformation transform from
“buried” to “exposed” in the presence of cancer. Principal component analysis is used to classify the Raman spectra
of renal tumor tissue and normal tissue.© 2012 Society of Photo-Optical Instrumentation Engineers (SPIE). [DOI: 10.1117/1.JBO.18.3.031103]
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1 Introduction
Renal tumors, whose incidence ranked second only to bladder
tumors in the urogenital system cancers, is one of the most
common cancers in humans.1 According to statistics, the
death rate of renal cell cancer has reached about 40%.2 The
same to other cancers, the nature of a renal tumor is hardly pre-
dictable.3 At present, the detection methods of renal tumors,
including hematuria detection,4 X-ray angiography,4 ultrasound
scan,5 computed tomography (CT) scan,5 and functional optical
coherence tomography6 are unable to respond to the molecular
change, and easily lead to the diagnostic mistakes. A clear and
new predictive tool is urgently needed to characterize the renal
tumor. In this study, we use confocal micro-Raman spectroscopy
to study the molecular changes of renal tumors, and distinguish
the normal and cancerous renal tissues based on Raman
spectroscopy.

Confocal micro-Raman spectroscopy, which depends on
polarizability change of an oscillating molecule, has proven
extremely versatile and has led to a vast array of applications
across the disciplines of chemistry, physics, biology, biomedi-
cine, engineering, and archaeology.7–9 With an insensitivity to
the presence of water, Raman spectroscopy is a particularly
attractive technique for life sciences. In addition to these, com-
pared with other cancer diagnosis technologies including second
harmonic generation,10,11 Fourier transform infrared spectros-
copy (FTIR),12 and multiphoton microscopy,13 Raman spectros-
copy requires simple sample preparation and contains abundant
information. At present, Raman spectroscopy has been used to
detect many tumors in colonic, bladder, and neck tissues.14–16

However, there are only a minority of reports about the
Raman study on renal tumors. To our knowledge, Joshi et al.17

detected the change of genetically altered renal cells (human
embryonic kidney cells transfected with green fluorescence pro-
tein) byRaman spectroscopy, but this experiment did notmention
the composition change of renal tumor tissue (RTT), and it also
did not detect the true renal tumor cell. Bensalah et al.18 charac-
terized the renal tumor based on Raman spectroscopy, which was
equipped with fiber optic magnetic resonance (MR) probe with a
10×, noncontact objective. With the strong fluorescence back-
ground in their research, many important RTT Raman peaks
were covered. Meanwhile, this study did not give any details
of the diseased tissue. Recently, Fleureau et al.19 employed
Raman spectroscopy to assess renal tumors at surgery. Results
show the interest of Raman spectroscopy to evaluate kidney
cancer and suggested the potential of this technique as a surgical
assistance.

In our study, a confocal micro-Raman spectroscopy with high
resolution and spatial filtering ability is used to detect the molec-
ular variations in human RTT. The normal renal tissue (NRT)
is taken for Raman scanning to compare with the Raman spectra
of RTT. With the help of high-quality, confocal micro-Raman
spectroscopy, the low fluorescence background and highly sen-
sitive Raman spectra of RTT and NRT are obtained, which give
us more details about molecule variations in renal tumors.

2 Materials and Methods

2.1 Sample Preparation

Tissues samples were obtained from surgical specimens of renal
tumor patients. Fresh RTT and NRTwere immediately stored in
a bottle of liquid nitrogen until Raman spectroscopy measure-
ment. A total of 25 patients (15 male, 10 female; age 42 to 68,
mean 54.6 years) diagnosed with a renal tumor by an experi-
enced clinical pathologist, were provided by Sun Yat-Sen
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Guangzhou, China. Figure 1 is a typical male patient with a
renal tumor in our experiment (provided by Nanfang Hospi-
tal). Figure 1 is a section of a histology image stained by
hematoxylin-eosin (H&E staining), which is a common staining
method in clinical pathology.20 In Fig. 1, the renal cells have a
rounded or polygonal shape and abundant clear or granular
cytoplasm, which contains glycogen and lipids. The nuclei are
small, round, deeply stained, and located on the edge or center
of the cell. Informed consent was obtained from all subjects, and
the study was approved by the medical ethics committee of
Nanfang Hospital, Southern Medical University.

Five-millimeter square tissue samples without any slicing
were placed on a silicon slice for Raman scanning; there are
no extra Raman peaks in the region of 700 to 1800 cm−1 on the
silicon slice. In order to avoid the dehydration caused by the dry
environment in a Raman laboratory, and ensure the focus posi-
tion did not change in the testing process, samples were infil-
trated by normal saline. The concentration of saline solution
used was 0.9% (weight/volume, W∕V), which is an osmotic
solution with the human tissue.

2.2 Confocal Micro-Raman Spectroscopy

Confocal micro-Raman spectroscopy, which is a nondestructive
technique, provides information about the molecular composi-
tion, molecular structures, and molecular interactions in cells
and tissues. Raman measurements were performed using a
Renishaw (New Mills, UK) inVia confocal micro-Raman spec-
troscopy equipped with a 785-nm laser. A Leica microscope
objective (DM2500) of magnification 10× was used to focus
the incident laser light on the solution in a capillary tube approxi-
mately 1 mm in diameter, and to collect the backscattered Raman
light with a detection range of 700 to 1800 cm−1. The laser
power focused on sample was ∼11.7 mW, and the acquisition
time of each spectrum was 30 s. The slit-width we used is about
50 um. All data were collected under the same conditions. Before
Raman scanning, the instrument is calibrated by silicon at the
520-cm−1 band.

2.3 Data Analysis

For each sample, at least 25 Raman spectra are obtained. In
order to compare the related spectra change, the band intensity

at 1003 cm−1 (assigned to phenylalanine) is used to normalize
the spectra. The final Raman spectrum of each sample is base-
line corrected by the software R 2.8.1, which is provided by
Renishaw, and smoothed, normalized, and averaged by Origin
Pro 7.5 (OriginLab Corp., Northampton, MA,).21–23 Statistical
Package for the Social Science (SPSS) was used for statistical
analysis in this study (SPSS 17.0, SPSS Inc).

The spectra recorded from RTTand NRTare statistically ana-
lyzed by principal component analysis (PCA). PCA is oriented
toward modeling a variance-covariance structure of a data
matrix from which the eigenvalues, corresponding to principal
components, are extracted.24 Each principal component (PC) is a
linear combination of the n independent wavenumber variables
x1; x2; x3 : : : xn. For example:

PC1 ¼ a1x1 þ a2x2 þ a3x3 þ : : : þ anxn: (1)

The first PC accounts for the greatest variance which corre-
sponds to the largest eigenvalue. The second PC is orthogonal to
the first, with each successive PC being both orthogonal to all
those preceding, and accounting for a decreasing proportion of
the variance. In this paper, we chose the first three PC which has
accounted for more than 75% of the accumulative total contri-
bution for analysis.

3 Results

3.1 Raman Spectrum of Normal Renal Tissue

A typical Raman spectrum of normal renal tissue is shown in
Fig. 2. The primary Raman peaks of NRT are observed at 831,
855, 936, 1003, 1340, 1450, and 1661 cm−1. The doublet of
fermi-resonance caused by breathing vibration of a tyrosine
hydroxyphenyl ring and in-plane bending vibration of octave
are observed at 831 and 855 cm−1. Raman peak of 936 cm−1

is assigned to C–C stretching vibration and Raman band at
1003 cm−1 belong to phenylalanine. For tryptophan, the Raman
peak locates at 1340 cm−1. The peak at 1450 cm−1 corresponded
to CH3 (CH2) deformation vibration of proteins, and a peak of
1661 cm−1 is assigned to amide I. Complete Raman frequency
assignments of NRT spectrum are presented in Table 1.25,26

3.2 Raman Spectrum of Renal Tumor Tissue

All the Raman spectra of RTT have been baseline corrected,
smoothed, normalized, and averaged a final spectrum (Fig. 3).

Fig. 1 Pathological imaging of the renal tumor (hematoxylin-eosin,
400×, provided by Nanfang Hospital).

Fig. 2 Raman spectrum of normal renal tissue (NRT), which were
baseline corrected, averaged, smoothed, and normalized.
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In the low region (800 to 1000 cm−1), compared with NRT, the
Raman intensity of RTT enhance significantly. These enhanced
Raman peaks include 831, 784, 1087, and 1130 cm−1. As the
intensity of Raman peaks present the content of molecule com-
position, the intensive peaks at 784 and 1087 cm−1 show an
increase content of PO2

−, which is related to nucleic acid.27

At the same time, the intensive 1130 cm−1 band shows a higher
content of C–N stretching vibration. In addition to low region,
intensive Raman peaks also can be found at 1340, 1450, and
1661 cm−1 in the RTT spectrum, which indicate the increased
content of protein and collagen. Compared with the Raman
spectrum of NRT, peaks at 851, 1242, and 936 cm−1, which
belong to fermi-resonance of tyrosine, amide III, and the
C–C bond, respectively, revealing a decreased tendency.

3.3 Principal Component Analysis

In this study, PCA is used to distinguish the Raman spectra of
RTT and NRT. Result is shown in Fig. 4, which depicts the plot
between scores of the first principal component (PC1) and the
second principal component (PC2). Twenty-seven Raman spec-
tra of NRT and 28 Raman spectra of RTT are used for PCA. The
plot shows that almost all the Raman spectra of RTT locate at
bottom left. And the Raman spectra of NRTare at the opposite in
Fig. 4. The analysis result shows a good classification compared
with other method.18

4 Discussion
Despite all the progress made over the last decades, cancer
remains a leading cause of death and its natural course is
difficult to predict in a single patient. Fortunately, Raman spec-
troscopy can provide a total simultaneous chemical analysis
(on lipid, protein, and nucleic acid), and the change that display
on Raman spectra can be used as the marks of tumors. For the
specificity of tumor cells, the tumor tissue has many differences
from the normal one such as shape, organizational structure, and
tissue constituents. Compared with the normal tissue, the tumor
tissue contains more protein, collagen, mucus, and nucleic acid.

From Fig. 3, we see the most dramatic change in the Raman
spectrum of RTT are observed at 788 and 1087 cm−1, which
originate from symmetric (νsPO2

−) and asymmetric (νasPO2
−)

stretching bands of phosphodiester groups.28 In the NRT Raman
spectrum, there is no obvious Raman peak at 788 cm−1. While
in the spectrum of RTT, this peak has a notable increase. Mean-
while, the peak of 1087 cm−1 also increases sharply in RTT
spectrum. These results agree well with the findings of Wong
et al.28,29 and Rigas et al.30 In the RTT, most PO2

− groups
become hydrogen bonded, and intermolecular packing among
neighboring PO2

− groups becomes closer. These results point
out that nucleic acids are mainly responsible for the observed
change in νsPO2

− and νasPO2
− bands.28–30 Since much informa-

tion is concerned with structural change of nucleic acids in
tumor tissue, peaks at 788 and 1087 cm−1 can be used as the
RTT markers for Raman detecting. Moreover, study of 788
and 1087 cm−1 is potentially significant for understanding
other cancers; we seek to confirm the molecular variations origin
of the phosphodiester stretching modes in the Raman spectra of
tissues and cells.

In addition to νsPO2
− and νasPO2

− groups, the Raman bands
at 831 and 855 cm−1, which correspond to tyrosine, also
obviously change. In NRT spectrum, the peak at 831 cm−1 is
inconspicuous. However, there is an obvious peak at this
Raman shift in RTT, but another peak belongs to tyrosine
which appears at 855 cm−1, which shows a different tendency
(Fig. 5). Because the ratio I855∕I831 is relevant to the environ-
ment of tyrosine residue, it is used to estimate the conforma-
tional change of tyrosine in tumor tissue. When –OH bands,
which locate in benzene rings of tyrosine, combine with
H2O, we regard the tyrosine conformation as “exposure”
according to previous research.31 If these –OH bands combine
with –COOH bands which locate in the protein residue, the tyr-
osine conformation is said to be “buried”. For the “exposure”
conformation, the interval of I855∕I831 ratio is between 0.3
and 1.5. And this ratio ranges from 1.7 to 2.5 for the “buried”

Table 1 Raman frequencies and assignments of NRT Raman spectrum

Frequency (cm−1) Assignment Frequency (cm−1) Assignment

755, 1340, 1552 Trp 831, 855, 1208 Tyr

936 νðC–CÞ 1003 Phenylalanine

1033 Phe 1094 PO2
−

1128 νðC–NÞ 1174 Tyr, Phe

1242 Amide III 1450 δðCH2Þ

1607 Phe 1661 Amide I Protein

Note: v: stretching vibration; δ: bending vibration.

Fig. 3 Compared Raman spectra of normal renal tissue (NRT) and renal
tumor tissue (RTT), which were averaged, baseline corrected,
smoothed, and normalized.

Fig. 4 Scores plots of primary component (PC) 1 (PC1) versus PC2;
NRT ¼ normal renal tissue; RTT ¼ renal tumor tissue.
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conformation. In our study, the corresponding statistical anal-
yses (two independent sample t tests, SPSS 17.0, SPSS Inc)
show that the I855∕I831 ratio of NRT is 2.44� 0.05 and that of
RTT is 1.39� 0.08. This proves that in NRT, most of the tyr-
osine residue in proteins are “buried,” which is good for keeping
the stability of protein space structure. While for RTT, this con-
formation turns into “exposure.” This indicates that some of the
–OH bands had combined with –COOH bands, which makes
the tyrosine have a tendency to become “exposure” in the RTT
compared with NRT.

5 Conclusion
Confocal micro-Raman spectroscopy provides important bio-
chemical information because each molecule has its own
vibration pattern that can be served as a “Raman biomarker.”
Furthermore, these vibrations are usually sensitive to the
structure of the molecular environment and can therefore reflect
structural change. Our results confirm that Renal tumors can be
characterized by a higher content of PO2

−. The Raman peaks at
788 and 1087 cm−1 are used to test the content of PO2

− in the
RTT, and results show an obvious increase of Raman intensity.
In addition, compared with NRT, tyrosine residue conformation
in RTT turned from “buried” to “exposure”. The I855∕I831 ratio
is used as a maker of conformation variation. In this study,
this ratio turned from 2.44� 0.05 in NRT to 1.39� 0.08 in
RTT, which indicates more “exposure” tyrosine in the RTT
than NRT. Also, confocal micro-Raman spectroscopy can be
regarded as a new tool to detect renal tumors. We use PCA
to test the ability of confocal micro-Raman spectroscopy to dis-
tinguish the RTT and NRT. The analysis result shows a good
classification, which indicates the feasibility of confocal micro-
Raman spectroscopy to provide a better understanding on
molecule variations in renal tumor.
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