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3
Social Medicine Department, Medical University in Wrocław, ul. Bujwida 44, 50-345 Wrocław, Poland
4
Department of Radiotherapy, Center of Oncology-Maria Skłodowska-Curie Memorial Institute, Branch in Gliwice,
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This study aimed at determining the concentration of P-selectins in lung cancer patients in diﬀerent stages and healthy subjects.
Then, the ability of the methodology developed to discriminate the existence of lung cancer was also evaluated. Serum spectra were
obtained using Raman spectroscopy (RS). Blood samples were taken from subjects divided into two groups: group 1—comparing
data from 22 patients clinically diagnosed with cancer before versus after medical intervention; group 2—comparing data from 10
palliative patients versus 17 healthy volunteers. The RS analysis of the samples revealed the presence of ﬁve very similar peaks in
both groups 1 and 2. This leads to the conclusion that a medical intervention in cancer cases gives results comparable to those
obtained from healthy subjects. The study indicates that the use of Raman spectroscopy can produce a better classiﬁcation of
cancer patients. However, diagnostically the results have not been statistically signiﬁcant, probably due to the limited number of
samples gathered. A larger number of samples would be required for future veriﬁcation.

1. Introduction
P-selectin is a molecule which belongs to the selectin family
together with P-platelets, E-endothelials, and L-leukocytes.
It is stored in the granules and the endothelial cell—the
Weibel–Palade bodies on platelets. It is a cell adhesion
molecule present on the surface of an activated vascular
endothelial cell, which is responsible for the interaction of
the inner layer of blood vessels with activated thrombocytes
[1–4]. The physiological functions of selectins in the processes of inﬂammation, immune response, wound repair,
and homeostasis have been described before [5]. P-selectin,
in particular, is an important disease marker as it plays an
essential role in many inﬂammatory processes including
cancer, coronary artery disease, stroke, and diabetes [6, 7].

This molecule is stored on the cell surface of the endothelial
cell and platelets, and after rapid endothelium stimulation
(e.g., by thrombin, histamine, and reactive oxidized substances), P-selectin is translocated on the surface of the
endothelial cell. It was recognized that P-selectin may be
a candidate involved in the metastatic process [8–10]. There
are studies reporting that P-selectin plays a functional role in
metastasis formation in breast, colon [11, 12], and lung
cancers [10, 13]. There was a study which explained a deeper
role of P-selectin. The study showed that after the removal of
the cell surface mucin from tumor cells in the lungs of mice
(in the absence of P-selectin), a reduction of metastasis can
be observed [8]. In several laboratory studies, P-selectin is
described as a potential candidate for biomarkers whose
higher concentration is presented and involved in the
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metastatic process [8, 11, 14–16]. Raman spectroscopy can
provide information about the conformation of macromolecules such as lipids, proteins, and nucleic acids. This method
has been used to assess certain factors in several diseases such
as diabetes, Alzheimer’s, and also cancer. The diﬀerences in
the involved molecules (lipids, proteins, and nuclear acids)
occur in the tertiary and quaternary structures, so it is not
possible to determine precisely which molecule caused differences in the spectra. Raman spectroscopy and statistical
analysis can be used to discriminate between a serum sample
from a lung cancer patient and a healthy sample. In this study,
the intensity of P-selectin and its correlation with diﬀerent
clinical stages of lung cancer patients were described.
P-selectin plays a crucial role in the recruitment of leukocytes
into the environment of the tumor and contributes to the
formation of the tumor cell or/and its migration. It was found
that some band ratios were signiﬁcant and corresponded to
the concentration of P-selectin in serum samples. Those
speciﬁc bands might be helpful in screening for lung cancer
using Raman spectroscopy of serum samples.

2. Materials and Methods
This prospective study was recorded in http://clinicaltrials.
gov Identiﬁer: NCT02758678 and was conducted in the
Regional Clinical Hospital in Zielona Góra between November 2015 and April 2016. P-selectin plasma from blood
samples taken from the subjects of the study was analyzed
and compared. This study was approved by the Ethics
Committee at the Medical Council in The Regional Medical
Chamber, Zielona Góra, Poland (no. 2/57/2015). The subjects participating in the study provided both oral and
written informed consent.
2.1. Subject Characteristics. The subjects of the study were
divided into 2 groups. Group 1: 36 patients who had undergone surgical staging procedures of whom 22 patients
had a conﬁrmed lung cancer and the remaining 12 had
a nonmalignant tumor. Blood samples were taken just before
the medical procedure (surgery) and were next compared to
the blood samples taken after 3 months , in the follow-up.
Group 2: blood samples from ten patients with disseminated
disease (blood taken before palliative radiotherapy) were
compared with the blood from 17 healthy volunteers. Prior
to the medical procedure (surgery and radiotherapy), all
patients in both groups had their condition histologically
and/or cytologically conﬁrmed. Only patients with disease
and without any previous chemo/radiotherapy history were
included in the study. The histopathological data were deﬁned according to the Union for International Cancer
Control TNM Classiﬁcation (UICC, 7th edition) [17]. The
patients’ characteristics are shown in Table 1. The blood was
processed immediately after it was drawn. Next, the blood
samples were analyzed with Raman spectroscopy methods.
2.2. Serum Separation and Raman Spectroscopy Analysis.
Blood samples were obtained from a total of 49 patients. A
set of P-selectin was purchased from Randox Laboratories
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Table 1: Patients and clinical tumor characteristics.
Characteristics
of patients
Age, years
Median (range)

Group 1

Group 2

Control
group

63
(53–77)

68
(58–80)

59
(47–70)

Gender
Male
17
3
Female
5
7
Histology
Non-small cell
3
3
carcinoma
Adenocarcinoma
13
5
Squamous
6
2
Surgery
22
0
Non surgery
0
10
TNM factor
T1a/T1b/T2a/T2b/T3/T4 4/6/6/3/2/1 0/1/1/0/4/4
N0
15
1
N1N2/N3
6/1/0
1/7/1
M0
22
1
M1
0
9

7
10

T, tumor; N, nodes; M, metastases.

Limited (UK). A single 2 ml heparinised peripheral blood
sample was centrifuged to get serum specimens. The Raman
spectra (RS) of the solid residues from the serum samples
were measured by placing 10 µl of serum from the aliquots
onto an aluminium substrate and allowed to dry for at least
30 min. A Renishaw inVia confocal Raman spectrometer
with a Leica microscope, 50x objective (numerical aperture
of 0.75), and WIRE 2.0 software were used. The Raman
system was calibrated with a silicon standard using the
Raman peak at 520 cm−1. Multiple scans were conducted on
the solid residue by moving the substrate on an X-Y stage.
The wavelength of excitation was 785 nm. The radius of the
beam was 3.0 µm, and the laser power irradiation over the
sample was 5mW. Each spectrum was taken with an exposure of 30 s, 10 accumulation and collected in the region
from 450 to 1500 cm−1.
2.3. Statistical Analysis. The statistical analysis of the registered Raman spectra was conducted [18]. It was originally
constructed for the so-called matrix-assisted laser
desorption/ionization (MALDI) spectrometry. This approach uses a binary discriminate analysis and works by
data-adaptive thresholding of the expression values and peak
selection and subsequent ranking of the dichotomized
features using a relative entropy measure (as a generalization
of the “peak probability contrast”). The methodology of the
analysis, i.e., R scripts reproducing all described computational procedures, is available under the GNU General
Public License from CRAN “MALDIquant” package [19].

3. Results
The MALDI computational procedures used on the spectra
from the 2 groups revealed ﬁve probable peaks diﬀerentiating the analyzed two sets of samples (Table 2).
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Table 2: Identified peaks.

4

Peak ID
1
2
3
4
5
Before intervention
853
1005
1208
1320
1449
vs after intervention
t-test p value
0.6140 0.06846 0.0424 0.8632 0.6825
(dependent samples)
Palliative vs healthy
855
1007
1210
1320
1449
t-test p value
(independent
0.6049 0.1781 0.1089 0.02756 0.2215
samples)

Intensity

3

2

1

Based on these peaks, very similar in both groups,
a comparable effect can be established between the results
from patients after intervention in cancer cases as well as
from palliatives and the results from healthy subjects. Then,
using real spectrometric data, the differences between the
groups of patients were calculated using standard Student’s
t-tests for dependent and independent samples. Only two
peaks, 1208 (before intervention vs after intervention) and
1320 (palliative vs healthy), were assessed statistically significant which means higher P-selectin intensity for beforeintervention subjects and for palliative subjects; the difference for 1005 peak (before intervention vs after intervention) was on the border of the statistical significance
(see p values in Table 2). Some illustrative plots of particular
spectra for a palliative patient and a healthy person are
presented combined in Figure 1.
However, the estimated diagnostic power is not statistically satisfactory (Table 3).
It can be seen from Table 3 that a better classification of
patients can be made using the spectra analysis of the
samples from group 2 (palliative vs healthy), but probably
due to the limited number of samples gathered, the reported
results are not statistically significant so far and a larger
number of samples are required in the future to verify these
findings.
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4. Discussion
Due to the progress of the neoplastic process, the morphology and biochemistry of the tissue changes. Hence
Raman spectroscopy as a fast and nondestructive technique
to analyze it seems to be useful. Biochemical markers of
cancer cells, such as selectins, can be analyzed by Raman
spectroscopy by comparing healthy cells and diseased tissue
[20].
The main goal of the study was to detect the P-selectin
intensity in patients with lung cancer before and after
surgical procedures and in palliative patients compared to
healthy volunteers. A simple approach to differential expression and classification for Raman spectra was presented.
In this small sample study, the differences in the relative
intensity of five probable peaks were obtained in two sets of
samples. A P-selectin increase was observed in the lung
cancer patients before the surgical procedure and the palliative patients. A similar result was presented in the study
with a more advanced Raman spectroscopy [21] (extensive
spectral database and neural network analysis). It was shown

FIGURE 1: Raman spectra (with identified peaks and noise lines): (a)
palliative patient (b) healthy person.
Table 3: Diagnostics.
Diagnostic
Accuracy Sensitivity Specificity ppv npv
measures
Before
intervention vs
0.50
0.57
0.44
0.50 0.51
after intervention
Palliative vs
0.66
0.30
0.88
0.58 0.68
healthy
∗

ppv  positive predictive value; npv  negative predictive value.

that the use of these tools could provide fast and reliable
diagnosis of different types of cancers in clinical settings.
Another study [13] obtained similar results, where increased
P-selectin value differed significantly from the levels in
healthy individuals. The carcinoma mucin induces microthrombi formation and triggers platelet activation and
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P-selectin expression [22, 23]. Another clinical study
[24–26] also reported changes of inﬂammatory and coagulatory biomarkers which led to a reduction in parameters
which might be a contribution to the progression of cancer.
The use of the P-selectin expression as a marker with its
simple and quick diagnosis could help to better determine
the stage of cancer and in turn lead to a more appropriate
choice of treatment methods.

5. Conclusions
Raman spectroscopy can be characterized as a noninvasive
procedure which makes it a very good candidate for a prediagnostic tool. We plan to extend our study to a larger
population and repeat the statistical analysis in the future.
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