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BRIEF REPORT

Liquid Biopsy of Bile based on Targeted Mass
Spectrometry for the Diagnosis of Malignant Biliary
Strictures

Annie Adrait', Jean-Marc Dumonceau?, Myriam Delhaye®, Isabelle Annessi-Ramseyer*, Jean-Louis Frossard*®, Yohann Couté'*
and Annarita Farina*®*

Bile holds biomarkers of malignant biliary strictures (MBS) but is unsuited for automated analyzers used in routine diag-
nostic laboratories. Selected reaction monitoring (SRM) is a flexible high-throughput analytical approach based on targeted
mass spectrometry (MS) already implemented in clinical settings. We tested the hypothesis that SRM could be used to quan-
tify cancer biomarkers in human bile. An SRM-based assay was developed to simultaneously quantify up to 37 peptides from
13 bhile proteins in a developmental cohort of 15 patients (MBS, n = 8; benign bhiliary stricture or obstruction (BBS), n = 7).
The most reliable biomarkers were then absolutely quantified by SRM in a verification cohort of 67 patients (MBS, n = 37,
BBS, n = 30). The diagnostic performances of single and combined biomarkers were assessed. In the developmental cohort,
SRM-based analysis revealed six protein biomarkers with significantly higher peptide ratios (endogenous vs. standard) in
bile from MBS vs. BBS. In the verification cohort, five of these biomarkers proved good diagnostic ability (individual receiver
operating characteristic-area under the receiver operating characteristic curve (ROC-AUC) up to 0.889, accuracies from
67.8% to 83.1%). Combining bile biomarkers and serum CA19-9 in 2 panels allowed differentiating MBS from BBS with up
to 0.929 ROC-AUC and 89.8% accuracy. In this study, a newly developed SRM-based assay proved able to simultaneously
quantify multiple biomarkers in bile samples. The combination of bile biomarkers with serum GA19-9 was highly accurate
for the diagnosis of MBS. Liquid biopsy of bile based on targeted MS is eligible to support MBS diagnosis in clinical practice.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Bile contains biomarkers of malignant biliary strictures
(MBS). Bile is not suited for automated analyzers used in
routine diagnostic laboratories. Selected reaction moni-
toring (SRM) has already been implemented in clinical set-
tings for the diagnosis of lung cancer and spontaneous
preterm birth.

WHAT QUESTION DID THIS STUDY ADDRESS?

We tested the hypothesis that SRM could be used to
quantify bile biomarkers.

Biliary strictures are mainly caused by pancreatic adeno-
carcinoma and cholangiocarcinoma and, less frequently, by
benign diseases, including primary sclerosing cholangitis,
IgG4-associated cholangitis, and chronic pancreatitis. The
differential diagnosis between these etiologies is challenging
because of nonspecific clinical symptoms and inaccurate
diagnostic criteria.! As a consequence, 3-15% of surgical
resections for suspected malignant biliary strictures (MBS)

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
The newly developed SRM assay allows the simultane-
ous measurement of multiple cancer biomarkers in human
bile. Panels composed of bile biomarkers dosed by SRM
and serum CA19-9 are highly accurate for the diagnosis
of MBS.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?

Liquid biopsy of bile based on SRM is eligible to support
MBS diagnosis in clinical practice.

reveal benign disease.? In this differential diagnostic context,
the shortfall of classical serum biomarkers and the lack of
new valuable substitutes have stressed the need to comple-
ment conventional serum biochemistry with novel analytical
approaches. Liquid biopsy of bile is emerging as a promis-
ing option for the molecular diagnosis of MBS as various bile
biomarkers have been described, including proteins, metabo-
lites, extracellular vesicles, and microRNAs.>® Unfortunately,
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bile is not suitable for automated clinical chemistry analyz-
ers used in routine diagnostic laboratories.® Nonautomated
immunoassays (i.e., enzyme immunoassay/enzyme-linked
immunosorbent assay kits, Luminex xXMAP Technology) could
be an alternative for measuring bile proteins and metabolites
but antibodies are not available for all potential biomarkers
and commercial assays often lack validation in bile. Such
methodologies also present recurring costs and potential
analytical bias due to cross—reactivity.10 On the other hand,
diagnostic tests based on extracellular vesicles and microR-
NAs are not yet implemented in clinical routine mainly due to
the lack of standardized analytical workflows.'"'2

Selected reaction monitoring (SRM), a targeted mass
spectrometry (MS) approach, has the potential to overcome
these limitations. This technology is suitable for use in a
routine laboratory thanks to its flexibility, high-throughput
capability, analytical specificity, and quantitative reliabil-
ity.13 In clinical practice, SRM has already been successfully
implemented for the diagnosis of lung cancer and sponta-
neous preterm birth.*

In this work, we demonstrate the ability of SRM to simul-
taneously quantify multiple cancer biomarkers in human
bile. We also evaluate the diagnostic performances of the
most promising candidates and identify two panels of bio-
markers able to discriminate between patients with an MBS
or a benign biliary stricture or obstruction (BBS). These pan-
els present a higher accuracy than serum CA19-9.

METHODS
Based on our previous quantitative investigations,®'® 11
proteins found to be overexpressed (neutrophil gelati-
nase-associated lipocalin, NGAL; galectin-3-binding protein,
LG3BP; matrilysin, MMP7; mucin-5B, MUC5B; carcinoem-
bryonic antigen-related cell adhesion molecule 6, CEAMG;
olfactomedin-4, OLFM4; mucin-5AC, MUC5A; syntenin-2,
SDCB2; osteopontin, OSTP; ras-related C3 botulinum toxin
substrate 1, RAC1; Golgi membrane protein 1, GOLM1) and
2 proteins found to be isoexpressed (retinol-binding protein
4, RET4 and corticosteroid-binding globulin, CBG) in bile
from patients with MBS vs. BBS were selected to serve as
candidate biomarkers and control references, respectively.
The developmental and verification cohorts included, re-
spectively, 15 patients (pancreatic adenocarcinoma (PAC),
n = 4; cholangiocarcinoma, n = 4; chronic pancreatitis, n = 4;
and biliary obstruction due to stones or other benign causes,
n = 3) and 67 patients (PAC, n = 20; cholangiocarcinoma,
n = 10; chronic pancreatitis, n = 18; biliary obstruction due to
stones or other benign causes, n = 19) (Table S1 and Table
S2, respectively). The diagnosis of MBS was established by
pathological examination of tissue samples and that of BBS
was confirmed with a minimum follow-up of 1 year. To validate
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the repeatability and consistency of the results, 11 patients
were included in both cohorts (Table S1 and Table S2).

The measurement and data analysis methods are detailed
in the Supplementary Information. Briefly, proteins from
5 L of each crude bile sample were subjected to in-gel pro-
tein digestion using trypsin and the resulting peptides were
mixed with heavy synthetic peptides, serving as internal
standards for quantification. Crude and unquantified heavy
synthetic peptides (PEPotec, Thermo Fisher Scientific,
Waltham, MA) were used for relative quantification in the
developmental phase, whereas high-purity AQUA synthetic
peptides (Thermo Fisher Scientific) were used for absolute
quantification in the verification phase. In total, 37 differ-
ent peptides (1 to 4 peptides per protein) were quantified
in the developmental phase (Table S3) and the most reli-
ably detected peptide for each of the 5 selected biomarkers
was further quantified in the verification phase (Table S4).
To ensure maximum specificity,’® 3 to 4 transitions (i.e.,
precursor and product ion pairs) per peptide were simulta-
neously quantified. After MS-based analysis, the ratios of
endogenous (biliary) vs. standard (synthetic) peptides were
extracted for each sample using Skyline software'” and data
were subjected to manual and statistical curation.

Statistical comparisons between patient groups and
correlation analyses were performed using Prism 8.0.2
(GraphPad Software, La Jolla, CA). Diagnostic perfor-
mances of single biomarkers and panels were evaluated
by using the pROC package'® for TIBCO Spotfire S+ 8.2
(TIBCO Software, Palo Alto, CA). The best performing panel
was identified by using the PanelomiX platform for combina-
tion of biomarkers.'®

The study was approved by the Ethics Committees of the
Geneva University Hospitals (Geneva, Switzerland) and of
the Erasme University Hospital (Brussels, Belgium). Written
informed consent was obtained from all the patients before
enrollment in the study.

RESULTS

In the developmental phase, reliable quantification was
obtained for 31 of the 37 measured peptides (Table S3).
Overall, the relative quantification of the 11 proteins
previously found to be overexpressed in MBS showed sig-
nificantly higher peptides ratios (endogenous vs. standard)
in MBS vs. BBS samples (median 1.861 (interquartile range
3.463) vs. 0.174 (interquartile range 0.338), respectively;
Mann-Whitney P value < 0.001; Table S3). Among them,
six potential biomarkers for gastrointestinal cancers (i.e.,
NGAL, LG3BP, MMP7, MUC5B, CEAM6, and OLFM4) had
all of their measured peptide ratios significantly higher in
MBS vs. BBS conditions (Figure 1a, Table S3), whereas
MUCS5A and SDCB2 proved slightly overexpressed only in

Figure 1 Box-and-whisker (minimum to maximum) plots of the log2-transformed averaged ratio of each peptide quantified by selected
reaction monitoring in bile samples included in the developmental cohort composed of malignant (pancreatic cancer (PAC), n = 4;
cholangiocarcinoma, n = 4), and benign (chronic pancreatitis, n = 4; biliary obstruction due to stones or other benign causes, n = 3)
biliary strictures. (a) Cancer proteins significantly overexpressed in malignant vs. benign samples: 1, neutrophil gelatinase-associated
lipocalin, NGAL; 2, galectin-3-binding protein, LG3BP; 3, matrilysin, MMP7; 4, mucin-5B, MUC5B; 5, carcinoembryonic antigen-related
cell adhesion molecule 6, CEAMS6; and 6, olfactomedin-4, OLFM4. (b) Cancer proteins significantly overexpressed in PAC vs. benign
samples: 7, mucin-5AC, MUC5A; and 8, syntenin-2, SDCB2. (c) Two control references: C1, retinol-binding protein 4, RET4; and C2,
corticosteroid-binding globulin, CBG. ns, not significant; *P value < 0.05; **P < 0.01; ***P < 0.001.
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PAC vs. BBS (Figure 1b, Table S3). The three remaining
proteins (i.e., OSTP, RAC1, and GOLM1) and the two control
references (i.e., RET4 and CBG) showed an overall unvary-
ing expression in all samples (Figure 1c, Table S3)

For the verification phase, a second SRM assay was
designed to simultaneously quantify the five potential bio-
markers found to be most consistently overexpressed in
MBS vs. BBS (Mann-Whitney P value < 0.001 for a majority
of measured peptides). Absolute quantification was carried
out using, for each protein, the peptide most reliably de-
tected in the developmental cohort. The dosages confirmed
the ability of LG3BP, MMP7, MUC5B, NGAL, and CEAM6
to distinguish patients with MBS from patients with BBS
(Mann-Whitney P values < 0.001; Table S4). Interestingly,
none of these proteins correlated with serum CA19-9, direct
bilirubin, or total bilirubin (Pearson’s correlation coefficient,
r < 10.7|, data not shown). By further analyzing the 11 ref-
erence samples included in both cohorts, a very strong
correlation (r > |0.9]) was observed between all the mea-
surements performed using the two different SRM assays,
with the only exception of MUC5B (r = 0.649), which was
consequently excluded from the subsequent assessment of
biomarker combination (Figure S1).

Among individual bile protein biomarkers, CEAM6 showed
the highest area under the receiver operating characteris-
tic curve (ROC-AUC, 0.889), whereas NGAL and LG3BP
showed, respectively, the highest sensitivity (92.6%, threshold
0.2335 ng/uL) and specificity (96.9%, threshold 1.132 ng/uL) for
diagnosing MBS. When considered in panel (maximum number
of biomarkers = 3), the measurement of bile LG3BPF, CEAMG,
and serum CA19-9 showed an ROC-AUC of 0.914 with 88.1%
accuracy, 88.9% sensitivity, and 87.5% specificity (respective
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thresholds: 1.132 ng/pL, 0.8565 ng/pL, and 37 kU/L). In an
alternative panel (maximum number of biomarkers = 4), the
combination of bile MMP7, LG3BP, CEAM6, and serum
CA19-9 allowed to reach the highest ROC-AUC, accuracy, and
specificity (0.929, 89.8%, and 96.9%, respectively), but a lower
sensitivity (81.5%), in discriminating between patients with
MBS and patients with BBS (respective thresholds: 0.034 ng/
pL, 1.271 ng/pL, 1.762 ng/uL, and 37 kU/L). Both the panels
outperformed the results obtained with serum CA19-9 alone
(0.822 ROC-AUC, 76.3% accuracy, 77.8% sensitivity, and
75.0% specificity) at the clinical threshold of 37 kU/L (Table 1).

DISCUSSION

We developed an SRM assay able to reliably quantify 31
peptides at the same time in human bile. This strategy al-
lowed to confirm the ability of various cancer-related bile
proteins to distinguish MBS from BBS. The diagnostic value
of two identified panels of biomarkers proved to be superior
to that of serum CA19-9 alone.

Our study is the first to show that SRM has the potential
to differentiate MBS from BBS in clinical practice. Besides
its versatility in processing complex biological fluids, critical
advantages of SRM include its ability to simultaneously mea-
sure various proteins on a single sample; its virtual capacity to
quantify any human protein; its independence from the avail-
ability of commercial antibodies; and its affordability, even
when a small number of samples is processed. A final crucial
strength of the proposed method is its flexibility. The iden-
tified biomarker panels are indeed not strictly linked to the
protocol, which could be adapted to include any new bile bio-
marker able to improve MBS diagnosis. So far, other potential

Table 1 Diagnostic performances of single and combined biomarkers in paired cohorts of patients
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Marker Threshold® ROC-AUC 95% CI SE SP PPV NPV ACC
Serum CA19-9 37 kU/L 0.822 0.694-0.951 77.8% 75.0% 72.4% 80.0% 76.3%
Bile NGAL 0.2335 ng/pL 0.741 0.614-0.867 92.6% 46.9% 59.5% 88.2% 67.8%
Bile MMP7 0.034 ng/pL 0.755 0.626-0.884 88.9% 62.5% 66.7% 87.0% 74.6%
Bile MUC5B 7.747 ng/pL 0.752 0.617-0.888 63.0% 90.6% 85.0% 74.4% 78.0%
Bile LG3BP 1.132 ng/pL 0.841 0.729-0.954 66.7% 96.9% 94.7% 77.5% 83.1%
Bile CEAM6 3.077 ng/pL 0.889 0.807-0.970 741% 90.6% 87.0% 80.6% 83.1%
Panel 1: Positive when 2 markers > threshold

Bile LG3BP 1.132 ng/pL 0.914 0.839-0.989 88.9% 87.5% 85.7% 90.3% 88.1%

Bile CEAM6 0.8565 ng/pL

Serum CA19-9 37 kU/L
Panel 2: Positive when 3 markers > threshold

Bile MMP7 0.034 ng/uL 0.929 0.866-0.991 81.5% 96.9% 95.7% 86.1% 89.8%

Bile LG3BP 1.271 ng/pL

Bile CEAM6 1.762 ng/pL

Serum CA19-9 37 kU/L

ACC, accuracy; CA19-9, carbohydrate antigen 19-9; CEAMB6, carcinoembryonic antigen-related cell adhesion molecule 6; Cl, confidence interval; LG3BP,
galectin-3-binding protein; MMP7, matrilysin; MUC5B, mucin-5B; NGAL, neutrophil gelatinase-associated lipocalin; NPV, negative predictive value; PPV,
positive predictive value; ROC-AUC, area under the receiver operating characteristic curve; SE, sensitivity; SP, specificity.
Bile LG3BP in panel 2 is considered positive when its value is greater than, or equal to, its threshold. In all other cases, markers are considered positive when

their values are greater than their threshold.

Blue and bold, best performance among single biomarkers; red and bold, best performance among all biomarkers; red, better performance of combined

vs. single biomarkers.

2For bile markers, the number of digits does not reflect the relative precision of the mass spectrometry measurement, and the margin of errors of a future

clinical assay should be calculated through dedicated studies.

www.cts-journal.com



Bile Biopsy to Diagnose Malignant Biliary Strictures
Adrait et al.

152

bile protein biomarkers have already been highlighted, which
yield promising results in preliminary studies and could be
tested using the technique described here. These include:
CD276 antigen (81.2% sensitivity and 81.6% specificity
in a cohort of 323 patients),?® dysbindin (81.9% sensitivity
and 84.7% specificity in a cohort of 550 patients),>' as well
as insulin-like growth factor (91.4% sensitivity and 89.5%
specificity) and vascular endothelial growth factor A (90.3%
sensitivity and 84.9% specificity), both in a cohort of 109 pa-
tients.2? Further large-scale screenings would be needed to
select additional proteins and suitable peptides able to in-
crease the clinical value of the newly developed assay.

With respect to the duration of the analysis, sample
preparation for SRM analysis has already been optimized
for other sample types, such as cerebrospinal fluid, allowing
for automation and biomarker dosage in hours.?324

Limitations of this study include the use of synthetic pep-
tides for absolute quantification. The use of full-length labeled
proteins would have allowed accounting for any potential
variation introduced by sample prefractionation, proteolysis
efficiency, or poor sequence coverage, thus ensuring a maxi-
mum reliability of the results, at the expense of higher costs.?
However, the strong correlation between the dosages obtained
by using separate prefractionation/digestion procedures and
different quantitative assays supports the reliability of our
preliminary investigation. Before transfer to clinical practice,
calibration curves would also need to be prepared for each
biomarker, allowing to demonstrate the linear response and
determine the limits of quantification. In both cohorts, a few
peptides were not dosed in all samples because of detec-
tion limits and signal interferences. Such problems should be
solved using the latest MS instruments. Finally, our results
should be confirmed in larger cohorts of patients, including
other biliary diseases that may mimic MBS, such as primary
sclerosing cholangitis and autoimmune pancreatitis.

In conclusion, we succeeded in developing a method for
cancer biomarker dosage in bile, which owns the potential
to be translated into clinical settings. The high accuracy of
some bile biomarkers for the diagnosis of MBS has been
confirmed, and two panels of biomarkers outperforming the
diagnostic accuracy of serum CA19-9 have been proposed.

Supporting Information. Supplementary information accompa-
nies this paper on the Clinical and Translational Science website (Www.
cts-journal.com).

Acknowledgments. The authors warmly thank Dr. Xavier Robin,
developer of the pROC package and PanelomiX platform, and Dr. Brendan
MacLean, developer of the Skyline platform, for kind assistance and help-
fulness with their respective software. A special thanks to Dr. Thomas
Burger for his irreplaceable help in mathematics and statistics applied to
the treatment of mass-spectrometry data.

Funding. This work has been supported by: PRIME-XS project
(European Union 7th Framework Program, grant no. 262067) and Ligue
Genevoise Contre Le Cancer (grant no. 1315) to A.F.; Proteomics French
Infrastructure (ProFl, grant no. ANR-10-INBS-08-01) to Y.C.

Conflicts of Interest.
ests for this work.

The authors declared no competing inter-

Clinical and Translational Science

Author Contributions. A.F. and Y.C. wrote the manuscript. A.F.,
Y.C., and J.-M.D. designed the research. A.A., Y.C., and |.A.-R. performed
the research. AF, Y.C., and A.A. analyzed the data. J.-M.D., M.D., and
J.-L.F. contributed new reagents/analytical tools.

1. Bowlus, C.L., Olson, K.A. & Gershwin, M.E. Evaluation of indeterminate biliary stric-
tures. Nat. Rev. Gastroenterol. Hepatol. 13, 28—37 (2016).

2. Gerhards, M.F. et al. Incidence of benign lesions in patients resected for suspicious
hilar obstruction. Br. J. Surg. 88, 48-51 (2001).

3. Farina, A. et al. Bile carcinoembryonic cell adhesion molecule 6 (CEAM®6) as a biomarker
of malignant biliary stenoses. Biochim. Biophys. Acta 1844, 1018-1025 (2014).

4. Xu, X. et al. Identification of bile biomarkers of biliary tract cancer through a liquid
chromatography/mass spectrometry-based metabolomic method. Mol. Med. Rep.
11, 2191-2198 (2015).

5. Severino, V. et al. Extracellular vesicles in bile as markers of malignant biliary ste-
noses. Gastroenterology 153, 495-504 (2017).

6. Li, L. et al. Human bile contains microRNA-laden extracellular vesicles that can be
used for cholangiocarcinoma diagnosis. Hepatology 60, 896—907 (2014).

7. Han, H.S. et al. Bile-derived circulating extracellular miR-30d-5p and miR-92a-3p
as potential biomarkers for cholangiocarcinoma. Hepatobiliary Pancreat. Dis. Int.
19, 41-50 (2020).

8.  Lourdusamy, V., Tharian, B. & Navaneethan, U. Biomarkers in bile-complementing
advanced endoscopic imaging in the diagnosis of indeterminate biliary strictures.
World J. Gastrointest. Endosc. 7, 308—317 (2015).

9.  Farina, A., Dumonceau, J.M. & Lescuyer, P. Proteomic analysis of human bile and poten-
tial applications for cancer diagnosis. Expert Rev. Proteomics 6, 285-301 (2009).

10.  Cross, T.G. & Hornshaw, M.P. Can LC and LC-MS ever replace immunoassays? J.
Appl. Bioanalysis 2, 108-116 (2016).

11. Condrat, C.E. et al. miRNAs as biomarkers in disease: latest findings regarding their
role in diagnosis and prognosis. Cells 9, 276 (2020).

12.  van der Meel, R., Krawczyk-Durka, M., van Solinge, W.W. & Schiffelers, R.M.
Toward routine detection of extracellular vesicles in clinical samples. Int. J. Lab.
Hematol. 36, 244-253 (2014).

13.  Parker, C.E. &Borchers, C.H. Mass spectrometry based biomarker discovery, veri-
fication, and validation—quality assurance and control of protein biomarker assays.
Mol. Oncol. 8, 840-858 (2014).

14.  Kearney, P., Boniface, J.J., Price, N.D. & Hood, L. The building blocks of successful
translation of proteomics to the clinic. Curr. Opin. Biotechnol. 51, 123-129 (2018).

15.  Lukic, N. ef al. An integrated approach for comparative proteomic analysis of
human bile reveals overexpressed cancer-associated proteins in malignant biliary
stenosis. BBA-Proteins Proteom. 1844, 1026—1033 (2014).

16. Lange, V., Picotti, P., Domon, B. & Aebersold, R. Selected reaction monitoring for
quantitative proteomics: a tutorial. Mol. Sys. Biol. 4, 222 (2008).

17.  MacLean, B. et al. Skyline: an open source document editor for creating and ana-
lyzing targeted proteomics experiments. Bioinformatics 26, 966—968 (2010).

18.  Robin, X. et al. pROC: an open-source package for R and S+ to analyze and com-
pare ROC curves. BMC Bioinform. 12, 77 (2011).

19.  Robin, X. PanelomiX for the combination of biomarkers. Meth. Mol. Biol. 1959,
261-273 (2019).

20. Liu, Y. et al. Value of bile soluble B7H3 for the diagnosis of malignant biliary stric-
tures: results of a retrospective study. Surg. Oncol. 28, 195-200 (2019).

21.  Guo, X. et al. Dysbindin as a novel biomarker for pancreatic ductal adenocarcinoma
identified by proteomic profiling. Int. J. Cancer 139, 1821-1829 (2016).

22.  Abdel-Razik, A. et al. Insulin-like growth factor-1 and vascular endothelial growth factor
in malignant and benign biliary obstructions. Am. J. Med. Sci. 351, 259-264 (2016).

23.  Hughes, C.S., Sorensen, P.H. & Morin, G.B. A standardized and reproducible pro-
teomics protocol for bottom-up quantitative analysis of protein samples using SP3
and mass spectrometry. Meth. Mol. Biol. 1959, 65-87 (2019).

24.  Macron, C., Nunez Galindo, A., Cominetti, 0. & Dayon, L. A versatile workflow for cere-
brospinal fluid proteomic analysis with mass spectrometry: a matter of choice between
deep coverage and sample throughput. Meth. Mol. Biol. 2044, 129-154 (2019).

25.  Brun, V. et al. Isotope-labeled protein standards: toward absolute quantitative pro-
teomics. Mol. Cell Proteomics 6, 2139-2149 (2007).

© 2020 The Authors. Clinical and Translational Science
published by Wiley Periodicals LLC on behalf of the
American Society for Clinical Pharmacology and
Therapeutics. This is an open access article under
the terms of the Creative Commons Attribution-
NonCommercial License, which permits use, distri-
bution and reproduction in any medium, provided the
original work is properly cited and is not used for com-
mercial purposes.


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

