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ABSTRACT - Background — Colorectal cancer (CRC) is one of the leading causes of cancer worldwide. Early diagnostic methods using serum biomarkers
are required. The study of omics, most recently lipidomics, has the purpose of analyzing lipids for a better understanding of human lipidoma. The
evolution of mass spectrometry methods, such as MALDI-MS technology, has enabled the detection and identification of a wide variety of lipids with
great potential to open new avenues for predictive and preventive medicine. Objective — To determine the lipid profile of patients with colorectal cancer
and polyps. Methods — Patients with stage I-111 CRC, adenomatous polyps and individuals with normal colonoscopy were selected. All patients under-
went peripheral blood collection for lipid extraction. The samples were analyzed by MALDI-MS technique for lipid identification. Statistical analysis
— Univariate and multivariate (principal component analysis [PCA] and discriminant analysis by partial least squares [PLS-DA]) analyses workflows
were applied to the dataset, using MetaboAnalyst 3.0 software. The ions were identified according to the class of lipids using the online database Lipid
Maps (http://www.lipidmaps.org). Results — We included 88 individuals, 40 with CRC, 12 with polyps and 32 controls. Boxplot analysis showed eight
VIP ions in the three groups. Differences were observed between the cancer and control groups, as well as between cancer and polyp, but not between
polyps and control. The polyketide (810.1) was the lipid represented in cancer and overrepresented in polyp and control. Among the patients with CRC
we observed differences between lipids with lymph node invasion (N1-2) compared to those without lymph node invasion (N). Conclusion — Possible
lipid biomarkers were identified among cancer patients compared to control and polyp groups. The polyketide lipid (810.1) was the best biomarker to
differentiate the cancer group from control and polyp. We found no difference between the biomarkers in the polyp group in relation to the control.

HEADINGS - Colorectal neoplasms. Biomarkers. Mass spectrometry. Lipid metabolism.

INTRODUCTION

Colorectal cancer (CRC) is worldwide, the third cause of cancer
and the second cause of death. An estimated 1.8 million new cases
and 881,000 deaths occurred by this cancer yearly". According
to the Brazilian statistics, CRC is the second cause of cancer for
women and the second for men®.

CRC screening is necessary to detect polyps and cancer preco-
ciously®. The diagnosis at initial stages is crucial for acquiring the
best prognosis. Colonoscopy, sigmoidoscopy and the fecal occult
blood test (FOBT) are the main methods for CRC screening. Co-
lonoscopy is a highly sensitive exam for identifying adenomas and
cancers but is an invasive and expensive method with low adhesion
even in developed countries®. The FOBT has low sensitivity and
specificity, particularly for adenomas, but is a non-invasive and
low-cost exam that reduces CRC mortality up to 16%. Sigmoi-
doscopy, allow partial visualization of the colon but also reduced
mortality up to 30%.

There is an urgent need to develop simple tests, less invasive,
with high sensitivity and specificity. In recent decades, many studies
have been conducted to detect molecular markers in blood, stools
and urine. Mutations or methylations alterations on DNA may be
interesting ways for CRC diagnosis®.

The MALDI-TOF MS technique is a high sensitivity and
specificity analytical test for the diagnosis of cancer, applied to
identify a multitude of cancer types such as gastrointestinal, lung,
renal, bladder, ovarian, leukemia, melanoma and breast carcinoma.
The analysis of lipid profiles can significantly contribute to the
indication of some pathologies such as cancer”. Qualitative and
quantitative assessment of lipids in blood and other body fluids
may reveal new biomarkers for early diagnosis of cancer, as well
as to follow cancer patients after treatment®.

The family of lipid is composed of a wide variety of molecular
species, divided into eight classes that include 1,680,000 species
complex lipids. These are involved in various physiological pro-
cesses regulated by thousands of metabolic pathways. Changes in
expression levels of individual lipid species may be associated with
numerous diseases including cancer®.

There are two strategies for lipid analysis. The first one that
focus on known lipids and the other one that analysis non-target
lipid that provides a vast amount of data, which require the assis-
tance of bioinformatics for data processing. This process includes
three phases: the first refers to the principal component analysis
(PCA) and discriminatory analysis of partial least squares (PLS-
DA) that aims to identify the differential lipids. The second strategy
has the purpose of recovery of the database coupled with MS/MS
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spectra for identification of different lipids. The third and final
phase targeted the interpretation of the data for the acquisition
of meaningful information”.

The mass spectrometry (MS) is a single analytical method that
allows the identification of a wide range of molecules along the
surface of a biological sample. With the advances in MS technolo-
gies, many analytical equipment was developed allowing different
ionization and fragmentation approaches. The MALDI technique
is the most currently used as a high-performance tool, due to its
high sensitivity. MALDI-TOF/MS has become a promising tool
between the present analytical platforms for lipidomic research,
proving to be an attractive platform for application in lipidomics
for pre-clinical biomarker studies'?.

The objective of the study was to compare the plasmatic lipid
profiles of patients with colorectal cancer to controls and patients
with polyps.

METHODS

Patients were selected sequentially from the Clinical Oncology,
Surgical Gastroenterology and Endoscopy Division of the Federal
University of Sao Paulo. The study enrolled patients with colorectal
cancer or polyps and patients with normal colonoscopy of both
genders, aged between 20 and 80 years.

Colon cancer patients before surgical resection of the tumor and
rectal cancer patients before neoadjuvant treatment were included
and compose the cancer group. Patients undergoing colonoscopy
with normal colonoscopy or with adenomas polyps were included
before polypectomy and compose the control and the polyps’ group
respectively. Patients with inflammatory bowel disease, familial ad-
enomatous polyposis or previous history of cancer were excluded.

The study was approved by the Ethics and Clinical Research
Committee Coordenadoria de Ensino e Pesquisa do Hospital Sao
Paulo — HU/UNIFESP under no. 72523. All the patients were
informed about the study and signed an Informed Consent term
prior to their inclusion.

All patients underwent collection of 10 mL of peripheral blood
in tubes with EDTA. After centrifugation, the plasma was stored
at -80°C for further lipids analysis.

Lipid extraction

Aliquots were thawed at room temperature for lipids extraction
following the protocol described by Bligh-Dyer (1959)%. In a tube
300 uL of the sample were added to 375 pL of chloroform and 750
pL of methanol. After homogenization, 187.5 pL of chloroform
and 150 pL of distilled water were added to supernatant and centri-
fuged at 3000 x g for 1 minute. Approximately 200 pL of the organic
phase containing the lipids were gently transferred to a new tube,
which remained open at room temperature for solvent evaporation.

Samples were resuspended in 8 uL methanol, placed in duplicate
spot of 1 uL by the MTP adapter 384 (Bruker Daltonics, Bremen,
Germany) and coated with 1 uL of 2,5-dihydroxybenzoic acid (DHB)
and alfacyano-4-hydroxycinnamic (CHCA) both in the concentra-
tion of 7 mg/mL trifluoroacetic acid (TFA) 0.01% dissolved in 70%
methanol and 30% water. The acquisition of the spectra was per-
formed in the AUTOFLEX Speedy TOF/TOF (Bruker Daltonics,
Bremen, Germany) in positive mode at a range of 700-1200 m/z with
the frequency 500 water 1000 shots/sec and power 90%.
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Statistical analysis

A list of ions and their intensities had been generated by
Flexanalysis software (Bruker Daltonics, Bremen, Germany)
and afterwards exported to an Excell spreadsheet. The statistical
processing was performed in MetaboAnalyst software 2.0 (http://
www.metaboanalyst.ca). The principal component analysis (PCA)
and discriminant analysis by least squares (PLS-DA) were applied
to evaluate the quality of the models. To find different changes
on circulating lipids between the groups, 15 VIP lipids (variable
importance in discriminant analysis) was obtained.

The ROC curves were generated, the area under the curve was
generated to evaluate the cutoff, sensitivity, specificity for each VIP
lipid in the groups.

The ions were identified by lipid subclasses by Simlipid 4 soft-
ware (Premier Biosoft, Califonia, USA) and online database Lipid
Maps (National Institute of Medical Sciences of the United States)
(http://www.lipidmaps.org). They were identified and accepted
hydrogen adducts (M+), sodium (Na+) and potassium (K+), since
they form part of the composition of solvents.

RESULTS
Eighty-eight patients were included, 40 of them with CRC, 12
with adenomatous polyps and 32 controls (TABLE 1). The mean

age of patients with CRC was 64 years (+15.18), with polyps was
66 years (£12.37) and for controls 58 years (+£12.30).

TABLE 1. Descriptive analysis of the studied groups.

Control Polyp Cancer
Groups
(n=32) (n=12) (n=40)
Age
Mean (SD) 58(12.30) 66 (12.37) 64 (15.18)
Gender
Male 20 06 27
Female 12 06 13
Stadium
I 4
1I 5
II1 31
Degree of differentiation
Well differentiated 12 12
Moderately differentiated 26 26
Poorly differentiated 2 2

SD: standard deviation.

The analysis of boxplot evidenced the distribution of eight VIP
ions in the three groups (TABLE 2). All these ions were in different
concentrations in CRC compared to controls or polyps. However,
there was no difference between polyps and controls. (FIGURE 1).
Due to the lack of difference between polyps and controls, all
analyzes were performed between the cancer and control groups.

The cluster confirms the difference between the groups
(FIGURE 2).
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TABLE 2. Identification of lipids from VIPs by PLSDA.

m/z Formula ppm Category Class Subclass
810,16354 [C,H.O,1 -8.999.317 Polyketide Flavonoids Anthocyanidins
782,08362 [C32H39021} -8.998.671 Polyketide Flavonoids Anthocyanidins
762,67565 [C H,NO/PI -8.999.137 Glicerolphospholipid  Glycerophosphocholines Diacylglycerophosphocholines
754,04717 [CastqOm} -8.998.801 Polyketide Flavonoids Anthocyanidins
727,00808 [C H NO,} 896.297 Fatty acid Fatty Acids and Conjugates Oxo fatty acids
. . . N-acyl ethanolamines
812,75576 [C,H, ,NO,} -8.994.046 Fatty acid Fatty Acids and Conjugates (endocannabinoids)
761,07383 [C,H OS] 899.891 Fatty acid Fatty Acids and Conjugates Hydroxy fatty acids
755,05.318 [C.H NO.1 900.007 Fatty acid Fatty Acids and Conjugates Amino fatty acids
810,16354 Concentration 782,08362 Concentration
alg — * G_Cancer_Pre
— = G_Controle
10 - % - - " G Foipo e 120
0.5 — . 0.5 Hedia= 135 bre
o —_ — — Media_ 147_Pre
o] 0.0 - : Medias o pre
H Media_ 149 _Pre
05 ] 05 ] Al
Media,
1.0 1.0 4 ¢ P
| Media_ 183_Pre
T T T Media_69_Pre
5 s 2 15 - Media_ 657 Pre
g £ 3 - . . Media_ 41 Pre
S S 2 5 B a Media_ 50_Pre
g £ £ Media_ 30_Pre
Media_ 81 Pre
727,00808 Concentration 755,05318 Concentration Media_ 72 Pre
Media_ 197 _Pre
15 — p— — Media_ 76_pre
H 15 H Media_ 148_Pre
1.0 H BE
1.0 :
05 -_ - H dedia_ 137 _Pre
: H 0.5 H Media_ 40_Pre
0.0 - = : : E Media- dobre
H 0.0 : I - Media- 88 Pre
0.5 Media_ 80_Pre
10 05 1 Hedia: 160, e
Media_ 155_Pre
el o Hediai11-pol
2.0 1.5 edia
% LS Iﬂ 22 X A :/::::i_sﬁpong‘n
£ H g £ - fedia_
8 K] S 5 E 3 I,‘ d .
754,04717 Concentration 812,75576 Concentration e
15 —
H S 15 — - Me :
1.0 ) [——] 1.0 b - 8
05 - 0.5 g R e i
. ° 0.0 : _?_ ¢ 3.
: 054 —— E==m ok 3
05 e
1.0 - ' 1
0 o 454 Med ]
L ':I . ? - Media_ 158
. : I I 42287 Fal
762,67565  Concentration 761,07383  Concentration : ol
15 18 - —— ‘ ¢ v
10 . 1.0 ——
0.5 05 g ——
0.0 001 4_
05 —— ===
05
1.0 r T T T T T T 1
299 15 10 120 100 80 60 40 20 0
% '§ ;;; g § % FIGURE 2. Lipid spectra heat map comparing the cancer group to
control/polyp.
FIGURE 1. Boxblot of the eight ions that differentiated the groups The heat map confirms the difference between the cancer and control
studied, cancer-pre (red), control (green), polyp (blue). group.
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Initially, 15 ions (m/z) highlighted by PLS-DA were obtained as
important lipids to differentiate CRC patients from the others. The
concentration between cancers patients were at least 2-fold higher.
Most ions were hypo-represented in cancer patients compared to
controls and polyps (FIGURE 3A and 3B).

A
& &
d’éif\\
810,16354 o HE
782,08362 ° [ ]
789,14968 L [ |
o m.
. mm
. mn
812,75576, o [
783,08933 o Oom
761,07383 ° [ ]
843,15728 ) ||} I
. o,
760,0678 ° ] |
845,13995 ° [
755,05318 ° ] |
70594262 | @ O
I I I I I
2.0 21 2.2 2.3 2.4
VIP scores
B
——— J——
~ asi—L | | T T T 77711 | L
2 T T
w oF———1 | | | | | L —1T"T11
st L LT I
=~ 20 Legend
:‘ @ Cancer
e B | @ Control
@ s0—
o . 0 I L B A O
g ST el e o® I B
——T1—1 ~J ] e
S had ——|
s—1T | I |
Sw < @2
v : < : "o —n = o N 3_70/0)
Nent ~ 8 2 nt (
1 (14 po"e
3%, com

FIGURE 3. A) 15 VIPs identified by PLS-DA. The colored boxes on
the right indicate the relation of the concentrations of the corresponding
metabolite in each of the groups, cancer and control. PLSD-DA Shows
Groups Separation According Components 1(96.9%). B) The PCA analysis
indicates intrinsic differences between the groups, which could be observed
by MALDI-TOF-MS metabolomics profiling.

The ratio between the lipids that best differentiate the groups
was 71,587,337/ 76,308,826 with sensitivity of 100% and specific-
ity of 78.6%. The concentration of lipids of patients with tumors
that had positive lymph node invasion (N1 or N2) was different
from the patients with negative lymph node invasion (FIGURE 4).
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FIGURE 4. The ROC and Box-Plot curve analysis shows AUCs, a variable
that indicates the accuracy of the absence of lymph node invasion (NO)
compared to the presence of lymph node invasion (N1 or N2).

DISCUSSION

Lipids play many essential roles in cellular functions, such as
survival, proliferation and death. They are involved in the storage
of chemical energy, cell signaling, cell membranes and cell-cell
interactions in tissues. These cellular processes are strongly related
to pathways of carcinogenesis, particularly transformation, progres-
sion and metastasis!?.

In our study, we investigated the plasma lipid profile of patients
with CRC without metastases and compared to controls and pa-
tients with polyps. The analysis tool was composed by an analytical
method of MALDI-TOF mass spectrometry to identify possible
lipid biomarkers for diagnosis.

Statistical data processing proceeded using the analysis of the
main components PCA and the values of the variable importance
in the projection (VIP) of the PLS-DA. The PCA is an unsupervised
method; each of the main components detects the directions of
greater variance in the data matrix, while the PLS-DA is a predic-
tive supervised method of statistical validation for biomarkers!!>.

We observed a different mass spectrum in CRC patients. The
small size of the polyps, the low degree of atypia and the reduced
number of patients may be the cause of the lack of lipid difference
between this group and controls.

We identified eight lipids that best represent the cancer group
compared to the control group. The analysis of the ROC curve
made with these lipids showed a high accuracy, sensitivity and
specificity, suggesting that they may be potential biomarkers. As
a way of improving these results, we propose a multiple logistic
regression model composed with the eight selected metabolites and
obtained the following predictive model.

Our results identified that the ions 810,16354, 782,08362;
754,04717;727.00808; 755,05318; 761.07383; 762.67565 were hypo-
represented and the ion 812,75576 m/z, hyper-represented in the
cancer group, indicating the possible association of the lipids with
the carcinogenic and metabolic pathways involved in carcinogenensis.

When assessing lymph node involvement, the boxplot test
showed that patients with stage III tumors had difference on lipid
profiles compared to the others (AUC: 0.924, CI1 95%: 0.815-0.982),
indicating a high sensitivity and specificity. These results suggest
that the ions 71,587,337 and 76,308,826 may be potential prognostic
biomarkers.
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The increase of lipogenic expression in cancer cells is a common
event for the development of cancer, due to rapid cell proliferation
and reprogramming of energy metabolism, causing a decrease in
plasma lipid levels. According to Corominas-Faja et al., the lipo-
genic phenotype plays a fundamental role in cellular processes,
associated with transformations of cancer cells, including signal
transduction, gene expression and response to therapy!?.

The lipids were identified according to their categories and
classes in polyketide (PK), fatty acids (FA) and glycerolphos-
phophosphates (GP). The ion 812,5576, hyper-represented in the
cancer group, belongs to the category of FA, subclass N-acyl-
entolamine!”. These authors investigated the plasma lipid profile in
patients with advanced CRC by MALDI-TOF. They also identified
that GP and PK, were hypo represented in the cancer group and
hyper represented in the control.

Glycerophospholipids, characterized as phospholipids, are
integrators of cell membranes and play the role in cell metabolism
and signaling. Demonstrating a relationship of these lipids with
metabolic dysregulation and differentiation, certain lipid species
strongly linked to cell signaling.

The phospholipid molecules are abundant in the plasma and
heterogeneous, this fact is attributed, largely of variations of the
FA, as well as the structural differences presented by them. Its
structural diversity suggests critical involvement in many physi-
ological and pathological processes!®. Prospective studies associ-
ated high circulating choline concentration with an increased risk
of CRC. Phosphatidylcholines and phosphatidylethanolamines are
key components of cell membranes responsible for maintaining
structural integrity!.

Several prospective studies suggest an association between
high intake of flavonoids, particularly flavonols, anthocyanins
and a decrease risk of CRC through various anti-inflammatory
mechanisms, anti-oxidant properties, induction of apoptosis, in-
hibition of proliferation and angiogenesis®”. Protective activities
have been widely attributed to anthocyanins by negative regulation
of inflammatory signaling pathways, including the light chain of
NF-kB, mitogen-activated protein kinase (MAPK), c-Jun N -ter-
minal kinase (JNK), and transducer and transcription activator
(STAT). They inhibit cell proliferative pathways, such as the Wnt
signaling pathway, which is upregulated in most sporadic CRC.
However, the mechanisms that can suppress the colon carcinoge-
nesis has not yet been fully elucidated®".

FAs have a structural role in cell membranes, influencing their
fluidity, functions and cell membrane composition, as well as being
the main structural component of each lipid group. Lipid metabo-
lism is associated with carcinogenicity, progression and alterations
in the expression of FA. The lipogenesis process is a known feature
that may be present in malignant cells. A key enzyme, fatty acid
synthase (FASN) that regulates the biosynthesis of lipogenesis de
novo in many cancers, including CRC, is associated with disease
aggressiveness and a poor prognosis. Suggesting that this enzyme
may be a potential biomarker to investigate the relationships be-
tween lipid metabolism and cancer®?,

Fernandes Messias MC et al., 2018 described reduced levels of
different forms of lysophospholipideocolin (LPC), a category of
glycerolphospholipid (GP) in plasma of CRC patients. Phospho-
lipids (PLs) play important cellular functions, such as signal trans-
duction, post-translational modifications, homeostasis, adhesion,
migration, apoptosis and neurotransmission®’. In the presence
of cancer these molecules are often subject to modifications, with
marked changes in the metabolism of phosphatidylcholine (PC)
and phosphatidylethanolamine (PE) due to changes in the activity
of degradative enzymes, which may be useful for the diagnosis and
treatment of cancer®.

YuZetal., 2018 evaluated the lipid profiles of 199 patients with
lung cancer (NSCLC) and 147 controls by MALDI. The authors
defined a panel of four lipid markers with sensitivity of §1.9% and
specificity of 70%; that can be lipid biomarkers for the diagnosis
of lung carcinomas®,

The role of lipid synthesis in cancer metabolism and tumor
development as well as in precancerous lesions still requires many
studies to elucidate the numerous mechanisms and pathways of
its development. IN clinical practice, the lipid profile is measured
based on the serum concentrations of total cholesterol, high-
density lipoprotein, low-density lipoprotein and triacylglycerols
being poor information for the analysis of the lipid fractions.
The mass spectrometry (lipid) technique allowed identifying the
specific categories of lipids. Cancer cells are characterized by
changes in lipid metabolism. Membrane alterations, rupture of
energetic homeostasis, cell signaling, gene expression and protein
distribution, affecting several cellular functions, such as apoptosis,
autophagy, necrosis, proliferation, differentiation, growth, drug
resistance®”.

In conclusion, we found different lipid profiles between the
non-metastatic cancer group and the control group. Eight VIP
potential lipid biomarkers were identified.
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Serafim PVP, Figueiredo JR AG, Felipe AV, Turco EG, Silva IDCG, Forones NM. Estudo de biomarcadores lipidicos em pacientes portadores com polipos
e cancer colorretal. Arq Gastroenterol. 2019;56(4):399-404.
RESUMO - Contexto — O cancer colorretal (CCR) ¢, mundialmente, uma das principais causas de cancer. Métodos de diagnostico precoce através de

biomarcadores séricos sdo necessarios. O estudo das Omicas, mais recentemente a lipidomica, tem a finalidade de analisar os lipideos para melhor
compreensdo do lipidoma humano. A evolugao dos métodos de espectrometria de massa, como a tecnologia por MALDI-MS, possibilitou a de-
tecgdo e a identificagdo de uma ampla variedade de lipideos com grande potencial para abrir novos caminhos para a medicina preditiva e preventiva.
Objetivo — Determinar o perfil lipidomico de pacientes com cancer colorretal e polipos. Métodos — Foram selecionados pacientes com CCR estadio
I-111, com pdlipos adenomatosos e individuos com colonoscopia normal. Todos os pacientes foram submetidos a coleta do sangue periférico para
extragao do lipideo. As amostras foram analisadas por técnica de MALDI-MS para a identificagao dos lipideos. Analise estatistica — Para analise
univariada e multivariada foram utilizados a analise de componentes principais (PCA) e a analise discriminante pelos quadrados minimos (PLS-DA).
Os ions foram identificados de acordo com a classe de lipideos usando-se o Lipid Maps (http://www.lipidmaps.org). Resultados — Foram incluidos 88
individuos, 40 com CCR, 12 com polipos e 32 controles. A analise de boxbolt evidenciou oito ions VIP nos trés grupos. Observou-se diferengas entre
0s grupos cancer e controle, assim como entre cancer e polipo, mas ndo entre polipos e controle. O policetideo (810,1) foi o lipideo hipo-representado
no cancer e hiperrepresentado no polipo e controle. Entre os pacientes com CCR observamos diferengas entre os lipideos com invasdo linfonodal
(N1-2) comparados aos sem invasao linfonodal (NO). Conclusiao — Foram identificados possiveis biomarcadores lipidicos entre os pacientes com
cancer comparados aos grupos controle e polipo. O lipideo policetideo (810,1) foi o melhor biomarcador para diferenciar o grupo cancer do controle
e polipo. Nao encontramos diferenga entre os biomarcadores no grupo pélipo em relagdo ao controle.

DESCRITORES - Neoplasias colorretais. Biomarcadores. Espectrometria de massas. Metabolismo dos lipideos.
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