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RESUMEN GENERAL DEL
PROYECTO



Introduccion.

El cancer de mama es un proceso oncoldgico en el que las células sanas de la
glandula mamaria se degeneran y se transforman en tumorales, proliferando y
multiplicAndose hasta la formacion del tumor, el cual puede diseminarse a otros

organos a través de los nddulos linfaticos (1).

Actualmente, de acuerdo con la Organizacion Mundial de Salud (OMS), cada afio se
registran 2.3 millones de nuevos casos en todo el mundo, de los cuales mas del 90%
son detectados en mujeres (2). Ademas, segun estimaciones del GLOBOCAN en
2020, el cancer de mama causo la muerte de mas de 500 000 mujeres a nivel mundial,
de las cuales, el 70% ocurrio en paises en vias de desarrollo, donde el diagndstico de
este tipo de cancer se realiza en etapas avanzadas (3). En México, el cancer de mama
es considerado la segunda causa de muerte mas frecuente en mujeres de 30 a 54

afos de edad (4).

El cancer de mama es una enfermedad silenciosa ya que se desarrolla de manera
asintomatica, el diagndstico se basa principalmente en la autoexploracién y la
realizacion de estudios de imagen, sin embargo, las técnicas de exploracion mas
eficaces para la deteccion temprana del cancer de mama son las pruebas de imagen
como la mastografia y el ultrasonido, ambas, requieren equipos de calidad y de

profesionales expertos en oncologia (4,5).

De lo anterior, surge la importancia de desarrollar nuevas técnicas para el tamizaje
de esta enfermedad, desde esta perspectiva, han surgido nuevas estrategias

analiticas basadas en las ciencias “0micas” (genomica, protedmica, transcriptomica y



metabolémica), como herramientas potenciales, que permiten una comprension
integral de los procesos bioldgicos (6). Los marcadores “dmicos” pueden mejorar la
prediccion del riesgo de la aparicion del cancer de mama en sus etapas tempranas,
asi como su diagnéstico mas alld de los marcadores tradicionales e inclusive

implementar una terapia personalizada (7,8).

Objetivo General.
Identificar patrones de metabolitos de riesgo en el desarrollo de cancer de mama

mediante el uso de herramientas metabolémicas.

Hipotesis.
Los patrones metabolémicos de mujeres con diagnéstico de cancer de mama son

diferentes a los de las mujeres sanas y entre los distintos estadios de la enfermedad.

Objetivos especificos.

1. Estandarizar las técnicas de nariz electronica y cromatografia de gases-masas
para identificar patrones de metabolitos en muestras de aliento exhalado y
orina.

2. Calcular la sensibilidad y especificidad del método estadistico empleado en el
analisis de los patrones obtenidos de la nariz electronica, a través de la
elaboracion de curvas ROC.

3. Identificar patrones de metabolitos en orina y aliento exhalado mediante
metabolémica no dirigida, empleando cromatografia de gases-masas y nariz

electronica.



4. Comparar los patrones metabolémicos de compuestos organicos volatiles
globales entre mujeres sanas, pacientes con cancer de mama y pacientes con

cancer de mama que cursan los estadios I-1l y llI-IV.

Material y métodos.

Este es un estudio piloto y transversal el cual fue aprobado por el Comité de Etica e
Investigacion del Hospital Central “Dr. Ignacio Morones Prieto”, con nimero de
registro CONBIOETICA-24-CEI-001-20160427. Se realiz6 un estudio de
metabolomica no dirigida en la cual se analizaron aliento exhalado de mujeres
clinicamente sanas (n = 37) y mujeres con cancer de mama estadios la IV (n =35) y
muestras de orina de (n = 46) pacientes con cancer de mama, que acudian a consulta
de revisibn o diagnostico al Hospital Central “Dr. Ignacio Morones Prieto”. El
diagnéstico de cancer lo realizaba el médico adscrito o el residente mediante distintas
pruebas de imagen (mastografia, ultrasonido) e histopatologia. Al término de su
consulta se les explicaba a las pacientes el objetivo del estudio y los beneficios que
recibirian, aquellas mujeres que aceptaban participar lo hacian mediante la firma del
consentimiento informado. En la presente investigacion se incluyeron mujeres
mayores de 18 afios con diagnéstico de cancer de mama en estadios (0-1V), que
contaran con estudios confirmatorios (mastografia/ultrasonido/diagndstico
histopatoldgico). Los criterios de no inclusion fueron, mujeres que se encontraran bajo
algun tratamiento de quimioterapia, que hubiesen padecido otro tipo de cancer o
fumadoras. Mientras que los criterios de eliminacion fueron, aquellas pacientes que
decidieran retirarse del estudio y pacientes en las cuales no fuera posible la obtencion
de muestras de aliento y/u orina. El protocolo del proyecto se dividié en dos etapas,

en la primera se recolectaron las muestras de aliento exhalado y en la segunda etapa



las muestras de orina. Debido a dificultades metodoldgicas y de logistica, no fue
posible obtener en la misma paciente y al mismo tiempo, la muestra de aliento

exhalado y la de orina.

El aliento exhalado fue colectado en bolsas de obtencién de aliento (BCB),
previamente purgadas con nitrégeno ultrapuro, se transportaron en una hielera del
Hospital Central al laboratorio “Salud Total” de la CIACYT de la Facultad de Medicina
de la UASLP e inmediatamente fueron analizadas en la E-Nose Cyranose 320®. Los
resultados obtenidos de los sensores de la nariz electronica fueron analizados en un
modelo PCA (Analisis de Componentes Principales), un andlisis de varianzas por
permutaciones (PERMANOVA), para evaluar si existian diferencias significativas
entre las pacientes y un analisis predictivo candnico de coordenadas principales
(CAP), con el software PRIMER v7.0. Posteriormente se elabor6 una Reciever
Operating Characteristics curve o curva ROC para identificar y evaluar la sensibilidad
y especificidad de la prueba estadistica empleada.

Con respecto a la colecta de las muestras de orina, una vez que las pacientes
finalizaban su consulta en el Hospital Central “Dr. Ignacio Morones Prieto”, si éstas
cumplian con los criterios de inclusion, se les explicaba el protocolo de investigacion,
las que aceptaban participar lo hacian mediante la firma del consentimiento informado
y en el momento se colect6 una muestra de orina espontanea. Estas fueron
transportadas en una hielera al laboratorio de “Salud Total” de la CIACYT de la
Facultad de Medicina de la UASLP y almacenadas a -70°C hasta su analisis por CG-
MS. Para el analisis estadistico de estas muestras, se conformaron diferentes grupos
de estudio: BI-RADS 0-2 (n=25) y BI-RADS 3-6 (n=21) y estadios I-ll (n=11) y llI-IV

(n=35). Se identificaron los metabolitos presentes en cada muestra mediante la



comparacion de similitudes estructurales de compuestos reportados en la biblioteca
de la base de datos de NIST. Posteriormente, se realiz6 un analisis de varianza por
permutaciones (PERMANOVA), para evaluar si existian diferencias significativas
considerando como variables el diagnéstico BI-RADS vy el estadio, a continuacion se
realizé un andlisis candnico de coordenadas principales (CAP) y para determinar el
porcentaje de contribucion de cada metabolito identificado se realiz6 un analisis

SIMPER (Similarity Percentage).

Resultados.

No se observaron diferencias estadisticamente significativas entre ambos grupos de
estudio en relacion con los parametros antropométricos y la edad. Los valores
registrados de peso, talla, IMC y edad de la poblaciéon clinicamente sana son:
69.5+15.67 Kg, 1.55+0.32 m, 28.731£5.5 y 54+£12.18 afios, respectivamente, mientras
gue los del grupo de mujeres con cancer de mama son: 66.13+14.63 Kg, 1.56+0.05

m, 27.12+4.60 y 49+11.22 afos, respectivamente.

Con base a los expedientes clinicos de las pacientes con cancer de mama, a quienes
se les colect6 aliento exhalado, el 50% fue diagnosticada con cancer tipo luminal,
siendo el 32y el 18% luminal Ay B respectivamente. En relacion a los datos obtenidos
del analisis de componentes principales (PCA) y la prueba estadistica PERMANOVA,
se observO una separacion entre las pacientes con cancer de mama y las
clinicamente sanas, que explica el 95.9% de la variabilidad de los datos, con una
diferencia  estadisticamente significativa entre ambos grupos (p<0.05).

Posteriormente, se realizé un analisis canonico de coordenadas principales (CAP),



con una clasificacion correcta del 95%. Con los resultados del eje CAP1, se realiz6
una curva ROC, que arrojo una sensibilidad y especificidad del 100%.

Para las muestras de orina, el PCA, explico el 31.5% de la variabilidad natural de los
datos entre las pacientes con cancer de mama del grupo 0-2 del sistema BI-RADS y
el grupo 3-4, de los cuales, el PC1 explic6 el 19.3% y el PC2 el 12.2% de esta
variabilidad. El analisis PERMANOVA mostré una diferencia significativa entre ambos
grupos (p<0.01). Posteriormente, se efectué el CAP, con una clasificacion correcta

del 61.9%.

Finalmente, de acuerdo con el resultado del andlisis SIMPER, el compuesto limoneno

fue el que contribuyd en mayor proporcion (8.49 %), a la variabilidad observada.

Discusién y conclusiones.

Con base en los resultados obtenidos de las muestras de aliento exhalado, se sugiere
gue la separacion observada entre los grupos de estudio es indicativa de que ambas
poblaciones presentan diferentes patrones de los compuestos organicos volatiles,
probablemente porque las mujeres con cancer de mama tienen distintos procesos
bioguimicos durante la progresion de la enfermedad. Estos resultados son
comparables con el estudio realizado por Rodriguez-Aguilar et al., quienes evaluaron
muestras de aliento exhalado de pacientes con cancer de mama o cancer de pulmon,
los autores reportan una diferencia estadisticamente significativa entre el grupo
control y los grupos de pacientes con cancer de mama o cancer de pulmon (9). Sin
embargo, con el disefio de nuestro estudio no es posible elucidar las causas de la
separacion observada entre las poblaciones evaluadas dada la técnica analitica

empleada ya que fue un analisis de metabolomica no dirigido. No obstante lo anterior,
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la presente investigacion sienta las bases para estudios futuros para el desarrollo de
metodologias méas sensibles que puedan emplearse como herramientas y/o

biomarcadores de riesgo de cancer de mama.

Con respecto a los resultados obtenidos a partir de las muestras de orina, no se
observaron diferencias estadisticamente significativas (PCA y CAP), entre los grupos
de estudio. El porcentaje de correcta clasificacion obtenido fue menor al 70%, por lo
gue se infiere que el patron de metabolitos detectados es el mismo entre las mujeres
clinicamente sanas y las que fueron diagnosticadas con cancer de mama. En un
estudio realizado por Ruiz B, Spinosa en el cual se comparé un grupo de mujeres
sanas contra uno de mujeres con cancer, se encontro una diferencia significativa entre

ambos grupos en un andlisis metabolémico no dirigido (10).

Dado a que la identificacion de los metabolitos se realizé por comparacién de
compuestos de la biblioteca del NIST y que el analisis fue del tipo “no dirigido”
(Unicamente es posible separar los grupos de estudio de acuerdo con los patrones de
los metabolitos detectados) (11), por lo tanto el haber identificado al limoneno como
al compuesto que contribuyé en la mayor proporcion (8.49 %), a la variabilidad
observada, no tiene una relevancia individual, sin embargo reportes en la literatura
relacionan a este compuesto con cancer de colon (12).

No obstante el que mediante la metaboldmica no dirigida no es posible elucidar ni las
concentraciones ni las rutas metabdlicas de los compuestos referidos, en las
muestras analizadas se lograron identificar compuestos principalmente
pertenecientes a los grupos de los alcanos alifaticos, alqguenos y en menor proporcion

al de los alcoholes. La literatura menciona que compuestos derivados de estos grupos
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guimicos, principalmente de los alcanos, tienen papeles relevantes en el inicio del
desarrollo de cancer, debido a su estrecha relacion con el efecto de Warburg (13,14)
(aumento de la tasa metabolica de la glucolisis) y de la peroxidacion de &cidos grasos

poliinsaturados (PUFA) y productos de la sintesis de aminoacidos (15,16).

Una de las limitantes de realizar estudios de metabol6émica no dirigida empleando la
nariz electronica y CG-MS, es la identificacion precisa de los compuestos quimicos
detectados y por ende sus concentraciones, lo que limita también la elucidacién de
las rutas metabdlicas; sin embargo, con esta metodologia es posible identificar los
metabolitos méas representativos de cada grupo, informacién indispensable para
realizar estudios de metabolémica dirigida, con la cual es factible la identificacion de
metabolitos especificos, asi como sus rutas metabdlicas. La utilidad clinica de este

tipo de técnicas contribuye al desarrollo de programas de intervencion temprana.
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Abstract

Background: Breast cancer is a malignant disease affecting breast tissue,
predominantly in women and men. It typically begins with the uncontrolled growth of
abnormal cells. Early detection is crucial for successful treatment, as symptoms may
not manifest in the early stages.

Aims of the study: Assess the difference of patterns of volatile prints from exhaled
breath from breast cancer (BC) patients and healthy women by electronic nose
technique.

Material and methods: In this study, the sensor's response to exhaled breath from two
groups, breast cancer patients and healthy controls, was assessed using an electronic
nose (Cyranose). The collected data underwent several analyses, including principal
component analysis (PCA), Canonical Analysis of Principal Coordinates (CAP), Partial

Least Squares - Discriminant Analysis (PLS-DA), and ROC curves. These analyses
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aimed to determine the test's diagnostic efficacy and discriminatory power in
distinguishing between BC patients and healthy individuals.

Results: A separation was found between the patients with BC and healthy, explaining
95.9% of the variability of the data. Subsequently, a CAP was obtained with a correct
classification of 100%, and the PLS-DA got an accuracy of 100%. With the results of
axis CAP1, a ROC curve was performed, resulting in a sensitivity of 100% and a
specificity of 100%.

Conclusions: Electronic nose technology has shown promise in detecting breast
cancer by analyzing exhaled breath. This non-invasive method identifies volatile
organic compounds produced by cancer cells, allowing for early disease detection and

monitoring.

Keywords: Breast Neoplasms; exhaled breath; multivariate analysis; screening.

Introduction

Breast cancer is an oncologic process in which healthy mammary cells glands
degenerate into tumors due to excessive proliferating and multiplying cells, which
leads to tumor formation; in this process, these tumors can spread to other organs by
hematogenic via as well as lymphatic (1).

According to the tumor characteristics, breast cancer can be classified into different
types. This classification depends on the size and extent of the primary tumor, the
anatomical area where it forms, and the invasiveness of this cell's excessive
proliferation (2).

According to World Health Organization (WHO) (3), at least 1.38 million new breast
cancer cases are detected yearly. Data suggests that the incidence of breast cancer

around the world is of 2 261 419 new cases. Around 98% of these cases are diagnosed

16



in women. Global Cancer Observatory (GLOBOCAN) (4) reported that by 2020, breast
cancer caused more than 500,000 deaths of women worldwide, and Institute for Health
Metrics and Evaluation (IHME) (5) published that 70% of deaths occurred in
developing countries. Thus, breast cancer in developing countries is a public health
concern since it is usually diagnosed in advanced stages (6). In México, for example,
breast cancer has become the second leading cause of death in women aged 30 to
54, with an incidence of 35.4 cases per 100,000 women (7). However, in recent years
the incidence of malignant breast tumors also has increased in younger women.

In recent years, there has been increasing concern about male breast cancer.
Although incidence and mortality are lower than in women, cases grow yearly, even
when considered a sporadic disease (less than 1% of all breast cancers). The risk of
a man being diagnosed with breast cancer during life is about 1 in 833 (8).

One of the most significant prevailing global concerns is that about half the worldwide
population has no access to essential health services. Therefore, breast cancer in
women is already detected in advanced stages. If current trends continue in America,
the number of breast cancer cases is predicted to increase by 34% by 2030.
Furthermore, in Latin America and the Caribbean, breast cancer is the most common
type among women and the second leading cause of mortality.

Diagnosis and screening of BC are primarily based on self and clinical exploration.
However, the self-exploring method has many limitations, such as frequent knowledge
gaps about breast cancer and screening techniques, fear, and fatalism, among other
social problems (9). In this regard, fewer people in Latin America take a self-exploring
test frequently compared with many other countries; for example, only 1% of the
Colombian population uses this technique to obtain information about breast cancer.

In Mexico, 10% use self-examination to prevent BC from appearing. (10) Moreover in
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México, the costs of attention for BC vary depending on the stage that disease is
diagnosed, for example BC diagnosed at early stages may have an average cost of
5230.78, compared to advanced diagnosis where treatment costs increases to
7789.92 USD per person. (11)

The gold standard for BC diagnosis is mammography which,is only indicated for
women aged 40 or more. (12) However, mammography has is limited, requiring high-
guality equipment and expert professionals. (9), (37) he recommendation for
the initiation and periodicity of mammography as a screening method may be variable.
The World Health Organization (WHO) and Panamerican Health Organization (PAHO)
established that mammography should be performed once every two years. However,
even with this, it is still a problem in countries like Mexico, since only in 2014, 15% of
the total women population had access to mammography as a screening test; today,
it is predicted that only 20% of Mexican women have access to this test, while in many
European countries, at least 75% of them can reach breast cancer health care. (14)
Other relevant techniques for cancer screening are ultrasound and nuclear magnetic
resonance imaging (MRI) (15). Ultrasound has become very useful for observing
changes in breast tissue, such as mass formation, that are impossible to watch on
mammography. (16).

One of the most significant current discussions about the development of this
pathology is that breast cancer mortality is highly related to the sensitivity of the
detection method used (17). It is becoming increasingly difficult to ignore that the
current early diagnosis of breast cancer is limited because the disease develops
asymptomatically, and diagnostic techniques have low early sensitivity and specificity

(18).
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The PAHO and WHO proposed that developing new noninvasive techniques can
provide some biomarkers for diagnosing and screening cancer. Therefore, scientists
are looking at elaborating new tools for breast cancer identification at different stages.
Other screening molecular methods are focused on “omic” sciences, such as
metabolomics and volatolomics.

In recent years cancer research approaches have involved the study of molecular
different molecular characteristics between damaged cells and their healthy
counterparts. To reveal representative biomarkers from many disease phenotypes,
such as breast cancer, which can be helpful as possible therapeutic targets. From this
perspective, new analytical strategies based on metabolomics have emerged as
potential tools that can completely compress many biological processes [46, 61].

In broad terms, metabolomics is a science dedicated to the global study of metabolites,
their composition, and their response to interventions or changes in the environment,
such as cells, tissues, or fluids, which can complement biochemical information
obtained from genes and proteins (21). In recent years, metabolomics has had a
substantial clinical approach to health since the identification of biomarkers could
reveal the diagnosis of a disease from a simple analysis and a relatively low cost. (19).
Recently, people's exhaled breath has taken great relevance as a low-cost, fast, safe,
and non-invasive biological sample that can assess many pathological conditions.
Human exhaled breath is a complex composition of gases where more than 3000
compounds have been identified, including small inorganic compounds such as NO,
02, CO2, and volatile organic compounds (hydrocarbons, alcohols, ketones,

aldehydes, and esters. (22)
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Aim of the study: Identify the differences between patterns of volatile prints from
exhaled breath from breast cancer (BC) patients and healthy women by electronic

nose technique.
Material and methods

Subjects and sample collection.

For the present study, 37 controls and 32 breast cancer (BC) patients were recruited
from the Department of Gynecology and Obstetrics of the Hospital Dr. Ignacio
Morones Prieto in San Luis Potosi, México; subjects were women aged from 30 to 74
years old, in an open, prospective observational cohort study design.

For selection criteria, all women with breast cancer diagnosis detected by physical
examination, ultrasonography mammography (mammograms on a BI-RADS scale of
1 or 2), and biopsy were included. Patients with breast or other types of cancer
antecedents were not included in this study. [Bioethical committee registration:
CONBIOETICA-24-CEI-001-20160427 (96-18)]

Samples of exhaled breath of patients were collected. Before sample collection, the
patient rinsed their mouth with 50 mL of water and was asked to take three deep
inhalations and exhale deeply in a Breath Collection Bag (BRA). Bags were designed
to collect gases and protect light-sensitive compounds. The bags were purged with
nitrogen before the analyses. Patients were asked to present themselves with 8 hours
of fasting and not smoke or wash their mouths before the sample collection. Samples
were transported at 4°C under standardized conditions and stored at -20°C until
analysis.

Electronic nose (LabiNose 43) analysis.

Cyranose 320, a portable electronic nose with 32 chemoreceptors (sensors), will be

used for breath analyses. Sensors are composed of carbon polymers incorporated
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into a matrix that adsorbs volatile organic compounds from the exhaled breath,
causing an increase in electrical resistance, which results in a specific fingerprint
(breath print) caused by differences in labinose’s electrical resistance.

Each sensor has different properties that influence the adsorption of volatile organic
compounds, producing various degrees of response due to its polymer composition
(polyvinyl butyral, polyvinyl acetate, polystyrene, and poly-ethylene oxide) and to the
conduction nanoparticles such as black carbon and carbon nanotubes.

Statistical analyses.

Multivariate analyses were performed through CDAnalysisTM-Chemometric Data
Analysis software to establish differences between the healthy and sick groups. The
variables used were the sensory response measured as a differential of the electrical
resistance determined by each sensor.

Multivariate analyses were performed based on the 32 Cyranose sensors’ resistance
that was obtained from the fractional difference: oR/Ro = (Rmax-Ro)/Ro where R is
the maximum system response of each sensor, and Ro is the reference resistance of
each sensor with ultra-pure nitrogen.

Subsequently, with these variables, a Savitzky-Golay filter was carried out to establish
differences between groups, as well as a principal component analysis (PCA) to
reduce the dimensionality of the initial data set of the 32 sensors to a set of principal
components that capture the most variance in the data. A canonical analysis of primary
coordinates (CAP) was carried out through the multivariate data that could best
discriminate between the study groups.

The significance of class discrimination was assessed through a permutation test. The
analysis focused on the CAP1l axis and employed the Receiver Operating

Characteristic (ROC) curve, considering it encompassed the entire dataset. The
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specificity/sensitivity ratio was maximized while maintaining a 95% confidence interval

(CI) to determine the threshold value or cut-off point.
Results

Characteristics of BC patients and controls are shown in Table 1. A total of 69 women
participated in the study; thirty-two of them were diagnosed with BC, and 37 were
controls. The average ages were 49 years for BC patients and 54 for controls.
Molecular results show that Luminal B cancer was the most predominant type in 32 %
of the patients.

Forty-eight percent of the participants in this study did not show other comorbidities
besides BC. However, 16 % of them were reported with DM2 and 36 % with
hypertension. Table 2.

In Figure 1, PCA analysis is presented, and a natural separation was observed among
the chemical fingerprints of patients with breast cancer and controls. The overall PCA
of both groups explains 95.9% of the data variation (PC1= 68.8% and PC2=27.1%)
(Fig 1.) The existence of a real significant difference in the separation observed by
PCA was estimated through the PERMANOVA test, and results show a significant

difference between the control and BC groups (p < 0.01)

CAP analysis (Table 3) separated the chemical fingerprints of the BC group of the
control group with an r? value of 0.9498. In the CAP model, 98 % of correct

classification was obtained. (Fig 2).

Using the sensor's response values from the CAP model, the CAP1 axis yielded a cut-
off point -0.093. This threshold resulted in a sensitivity of 100% (87.9 -100%) and a

specificity of 100% (88.5-100%). Furthermore, both the positive and negative
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predictive values were 100%. The overall accuracy achieved through the ROC curve

was 100%. (Figure 3).

Discussion

As discussed before, disease research has involved the study of different molecular
characteristics between damaged cells and their healthy counterparts in revealing
representative biomarkers of the disease phenotype and potential therapeutic targets.
From this perspective, new analytical strategies based on the “omics” sciences
(genomics, proteomics, transcriptomics, and metabolomics) have emerged as
potential tools, allowing a comprehensive understanding of biological processes. (23)
“‘omics” markers can improve the prediction of the appearance of breast cancer in its
early stages, as well as its diagnosis beyond standard features, and even allow the
development of personalized therapy. (24)

Metabolomics has emerged as a powerful tool in clinical research, including in the field
of oncology. (19) By analyzing the metabolic profile of biological samples such as
blood, urine, or tissue, metabolomics can provide valuable insights into disease
diagnosis, progression, and response to treatment. (20)

Breast cancer is one area where metabolomics has shown promise. Studies have
identified changes in several metabolic pathways during breast cancer development,
including alterations in amino acid metabolism, lipid metabolism, and energy
metabolism. These changes can be detected using various analytical techniques, such
as mass spectrometry (MS), nuclear magnetic resonance imaging (MRI), and gas
chromatography-mass spectrometry (GC-MS). (25)

Identifying biomarkers through metabolomics analysis can have important clinical
implications, such as facilitating early detection and diagnosis of breast cancer,

monitoring treatment response, and predicting disease recurrence. (26) Furthermore,
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metabolomics may also help identify new therapeutic targets and improve our
understanding of the underlying mechanisms of breast cancer. (27)

Overall, metabolomics is a promising approach for breast cancer research and has
the potential to contribute to improved patient outcomes through personalized
medicine.

Jové Mariona et al. (28) compared the metabolomic serum profiles of healthy women
with women diagnosed with breast cancer; they found an elevated level of products of
branched-chain amino acid metabolism such as 2-hydroxymethyl butyric acid, 2-
hydroxy-methyl pentanoic acid, and 3-methyl glutaric acid, also found some glycolysis
products like glucose, pyruvate, dihydroxyacetone, and finally, there was an increase
of antioxidant metabolites and lipid metabolism products which can be listed as
follows: urea, uric acid, 2-methyluric acid, retinoic acid, and many ceramides. Besides,
it was observed that alterations in these metabolic pathways increase as the severity
of the tumor increases. (28)

Denkert et al. (29) also found that certain amino acids such as tyrosine, phenylalanine,
and tryptophan were elevated in breast cancer tissue, indicating increased protein
turnover and activation of pathways involved in tumor growth and proliferation. They
also observed elevated lactate and pyruvate levels, suggesting increased glycolysis
and lactate production, a hallmark of cancer metabolism. (30)

Studies have also shown that alterations in the metabolism of nucleotides, choline,
and phospholipids are commonly observed in breast cancer. For instance, high levels
of choline-containing compounds have been found in breast tumors, suggesting an
increased rate of cell membrane turnover. (31) Additionally, high levels of nucleotides,
such as uridine, have been associated with more aggressive forms of breast cancer.

(32)
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These findings demonstrate that breast cancer is associated with significant
alterations in multiple metabolic pathways, including amino acid metabolism, lipid
metabolism, glycolysis, and nucleotide metabolism. (33) These metabolic changes are
likely to play a crucial role in cancer development, growth, and progression and could
potentially serve as biomarkers for breast cancer diagnosis and prognosis. (34)
Recently, people's exhaled breath has taken great relevance as a low-cost, fast, safe,
and non-invasive biological sample that can assess many pathological conditions.
Human exhaled breath is a complex composition of gases where more than 3000
compounds have been identified, which are included small inorganic compounds such
as NO, Oz, COg, and volatile organic compounds (hydrocarbons, alcohols, ketones,
aldehydes, esters); it also can be found many non-volatile inorganic compounds such
as isoprostanes, cytokines, leukotrienes, and hydrogen peroxide. (22):(35)

Breast cancer screening based on the analysis of exhaled breath is not confirmatory
because it is accompanied by increased oxidative stress, which can cause damage to
DNA, proteins, and lipids. Induction of cytochrome P450 enzymes leads to lipid
peroxidation of polyunsaturated fatty acids in cell membranes. It results in the
overexpression of volatile alkanes and their derivatives in the breath, ultimately
affecting the abundance of VOCs in the exhaled breath. (36) Free radical-induced
oxidation of amino acids and proteins has also been shown to generate some
hydrocarbons and malonaldehyde. (37-39)

The vast array of molecules available results in various characteristics, including
polarity, molecular weight, stability, chemical reactivity, and functional groups. (40)
Various analytical platforms and configurations are utilized to cover the analyzed

metabolome comprehensively. Nuclear magnetic resonance (NMR), mass
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spectrometry (MS), and electronic noses are the most common technology platforms
for identifying and measuring metabolites. (41)

Various metabolomics investigations have been carried out on breast cancer patients
utilizing GC-MS analysis of exhaled breath. In 2014, Phillips conducted a significant
study that evaluated the breath of four distinct groups consisting of 35 patients with
positive cancer, 79 patients with negative cancer, 93 patients with normal
mammographies, and 37 patients with abnormal mammographies were evaluated,
resulting in the identification of distinctive chemical fingerprints. This study found that
healthy women with normal mammographies had different chemical fingerprints than
women who underwent breast biopsy and tested positive for cancer. (42)(43) The
study also reported a sensitivity of 81.8%, a specificity of 70%, and an accuracy of
79%, as determined by ROC curves. (44-46)

Peng and colleagues investigated the use of electronic nose technology for a breast
cancer diagnosis; the study aimed to evaluate the diagnostic accuracy of a
nanosensor array in detecting breast cancer from exhaled breath samples.

The study included 35 healthy individuals, 30 patients with benign breast disease, and
25 patients with BC. Results showed that the nanosensor array could distinguish
between healthy individuals and those with breast cancer with a sensitivity of 95% and
a specificity of 88%. The nanosensor array also demonstrated high diagnostic
accuracy in distinguishing between benign breast disease and breast cancer, with a
sensitivity of 90% and a specificity of 83%. (47,48)

In 2020, Toéreyin and colleagues published a study that investigated the use of
electronic nose technology for breast cancer detection, which aimed to evaluate the
diagnostic accuracy of an electronic nose in detecting breast cancer from exhaled

breath samples. This study included 18 healthy individuals and 30 patients with BC.
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Results showed that the electronic nose could distinguish between healthy individuals
and those with breast cancer with an accuracy of 88%. The electronic nose also
demonstrated high diagnostic accuracy in determining between different stages of
breast cancer, with an accuracy of 83% for early-stage breast cancer and 93% for
advanced-stage breast cancer. (49)

Overall, this study provides evidence that electronic nose technology can be used as
a non-invasive and accurate tool for diagnosing breast cancer. (50)

Diaz de Leo6n and colleagues investigated using a portable electronic nose device for
breast cancer detection. The study concluded that the portable electronic nose device
could be a valuable tool for non-invasive breast cancer diagnosis. However, but further
studies are needed to validate the results and investigate further. (51)

The study included 244 participants and found that the instrument had high diagnostic
accuracy for detecting breast cancer from exhaled breath samples, with a sensitivity

of 87.7% and a specificity of 80.8%.
Conclusion

Electronic nose technology has shown promising results in the field of medical
diagnosis. One area where it has been extensively researched is in detecting breast
cancer through exhaled breath analysis.

Exhaled breath analysis is a non-invasive method that detects volatile organic
compounds (VOCs) produced by cancer cells. These VOCs can be identified using an
electronic nose, a device that mimics the human olfactory system by detecting and
analyzing the chemical composition of the exhaled breath.

Several studies have evaluated electronic nose technology’s efficacy in the diagnosis

of breast cancer.
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The advantage of using an electronic nose for breast cancer diagnosis is its non-
invasive nature, which is less uncomfortable for the patient than traditional biopsy
methods. In addition, the electronic nose can detect cancer at an early stage, leading
to earlier treatment and better outcomes.

However, more research is needed to validate the accuracy of the electronic nose for
breast cancer diagnosis and identify the specific VOCs associated with breast cancer.
Despite this, the potential of electronic nose technology in medical diagnosis is
promising and warrants further investigation.
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Tables

Table 1. Anthropometric characteristics of Controls and BC patients

Healthy controls Breast cancer patients
n=37 n=35
Parameter Average (+SD) Average (+SD) t-Value P Value

Height (m) 1.55+0.032 1.56+0.047
0.16 0.873

Weight (Kg) 69.5+15.67 66.13+14.63
-0.75 0.454

2
28.7345.5 27.12+4.6

MBI (Kg/m ) - 1.48 0.14
Age 54+12.18 491122 -0.83 0.409
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Table 2. Clinical characteristics of study population

Parameter n Porcentaje (%)
Molecular Type

Luminal A 18 6

Luminal B 32 12

Triple Negative 12 4

HER-2 12 4
Undetermined 26 9

Stage

0 3 8

| 4 12

1 14 40

I 8 24

v 6 16
Comorbility n Porcentaje (%)
DM 2 6 16
Hipertention 13 36

None 18 52

30



Table 3. Multivariate analysis characteristics.

Multivariate Analysis Type

% Variation (PCA)

PC1 68.3
PC2 27
PC3 2.1
CAP

R?CAP 0.9498
% Of Correct classification 98
Mis-classification error (%) 2

P value 0.001
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Figures and figure legends
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Figure 1. Principal component analysis (PCA) of study populations. Breast Cancer patients (BC) and healthy
controls (Healthy).

Transform: Log(X+1)
Normalise
Resemblance: D1 Euclidean distance

Clase
BC
v Healthy
Healthy - VYV VVWEWW VYV
(2}
]
]
(@]
BC-|
[ T T 1
-0.15 -0.10 -0.05 0 0.05 0.10 0.15 0.20
CAP1

Figure 2. Canonical analysis of principal coordinates (CAP) in different populations. Breast Cancer patients (BC)
and healthy controls (Healthy).
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ROC Curve/CAP/AUC=1
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Figure 3 The ROC curve for breast cancer (BC) screening using the CAP1 axis resulted in an AUC of 1, indicating
perfect classification performance. The chosen cut-off point of -0.093 and a 95% confidence interval, contributed
to this result.
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Abstract:

Background: Breast cancer is a malignant disease that affects breast tissue,
predominantly in women but also in men. It typically begins with the uncontrolled
growth of abnormal cells, forming a lump or mass. Early detection is crucial for
successful treatment, as symptoms may not manifest in the early stages. Regular
screenings, such as mammograms, along with awareness of potential symptoms like
breast lumps, changes in size or shape, nipple discharge, or skin abnormalities, can
aid in early diagnosis and improved outcomes. Early detection through regular
screenings and awareness campaigns is crucial for successful treatment and
improved survival rates.

Material and methods: In this study, the sensor's response of urine from two groups
of breast cancer (BC) patients, was assessed using CG-MS technique. The collected
data underwent several analyses, including principal component analysis (PCA),
Canonical Analysis of Principal Coordinates (CAP), Partial Least Squares -
Discriminant Analysis (PLS-DA), and a similarity percentage analysis (SIMPER).
Results: A separation was found between the patients with BC 0-2 BI-RADS group
and 3-4 group explaining 31.5% of the variability of the data. Subsequently, a CAP
was obtained with a correct classification of 61.9%. Finally, a SIMPER analysis was

performed showing the compounds that contribute more the variability.
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Conclusions: The present study states a precedent for non-invasive BC screening
techniques. For future findings, this will be important to allow more people to get an

early BC diagnosis, especially for people with limited access to healthcare services.

Introduction

Breast cancer is defined as an oncologic process in which healthy cells of the
mammary gland degenerate into tumors, as a result of the excessive proliferating and
multiplying cells, which leads to tumor formation, in this process, these tumors can
spread to other organs by hematogenic via as well as lymphatically (1).

According to the tumor characteristics, breast cancer can be classified into different
types. This classification depends on the size and extent of the main tumor, the
anatomical area where it forms, and the invasiveness of this cell's excessive
proliferation has (2).

According to the American Joint Committee on Cancer (AJCC) (52), breast cancer is
classified by the TNM system, which is based on three main characteristics described
later in this paper.

The letter T refers to the size and extent of the main tumor, which is usually called the
primary tumor, the N refers to the number of nearby lymph nodes that have cancer,
and finally, the letter M is used to refer to whether cancer has metastasized, which
means that cancer has spread from the primary tumor to other parts of the body. This
TNM system is an internationally accepted system that is based on retrospective
survival analysis in many patient samples representing all stages of the disease. This
reflects the clinical evaluation methods and treatments that can be used on a particular

study population (2,53).
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Therefore, depending on the characteristics of the tumor, breast cancer may be
classified into 4 stages, from O to IV which are characterized by invasiveness, tumor
shape and measure and, organ dissemination.(54-57)

Currently, many different factors can influence the decisions about cancer treatment
options, however, one of the most important in this decision-making is the type of
cancer and stage of the disease (58).

Recently, studies have shown that the high risk in the development of breast cancer
may be due to the combination of different factors, for example, age, (women older
than 40 years old), menstrual life over 40 years, and factors like obesity sedentary life,
and smoking habit and genetic factors. (59,60)In this regard, in recent years, many
studies have shown that increased body mass index (BMI) (230 kg/m?) and/or
perimenopausal weight gain might be associated with a higher risk of breast cancer
development among postmenopausal women.

Cancer is currently one of the leading causes of death worldwide, in 2019 this disease
caused around 8.2 million deaths (5). Also, many studies have reported that the types
of cancer that cause the highest number of deaths are mainly lung, liver, stomach,
colon, and breast (61). In women, breast cancer is the most common type of cancer,
in 2020 an incidence of 46.3% was reported higher than the other most common
cancers. (62)

One of the most significant current worldwide concerns is that about half of the world's
population has no access to basic health services. Consequently, breast cancer in
women is already detected in advanced stages. If current trends continue in the
Americas, the number of breast cancer cases is predicted to increase by 34% by

2030. Furthermore, in Latin America and the Caribbean, breast cancer is the most
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common type of cancer among women, and represents the second leading cause of
mortality.(60)

Therefore, scientists are looking at the development of new tools for breast cancer
identification at different stages, there are currently different screening molecular
methods focused on “omic” sciences, defined as tools that can study a large number
of molecules, that are involved in the physiological functioning of an organism. (20).
Omic sciences have helped scientists to have a complete idea of the cause of certain
diseases, such as breast cancer.

In recent years the approaches of cancer research involves the study of molecular
characteristics that are different between damaged cells and their healthy
counterparts, to reveal representative biomarkers from many disease phenotypes,
such as breast cancer, which may be usefully as well as possible therapeutic
targets.(63) From this perspective, new analytical strategies based on metabolomics
have emerged as potential tools that can give a complete appreciation of many
biological processes(64,65).

In broad terms, metabolomics is definied as a science dedicated to the global study of
metabolites, their composition, and response to interventions or changes in the
esurounding area, in cells, tissues, or fluids, which can complement biochemical
information obtained from genes and proteins (21,66). Metabolomics is currently
undergoing an eminent clinical approach to health, since the identification of
biomarkers could reveal the diagnosis of a disease from a simple analysis and a
relatively low cost.(6)(67) Many studies have shown the presence of alterations in
several metabolic pathways during breast cancer development.(68) These studies
have found these modifications using different analytical techniques such as mass

spectroscopy (MS) and nuclear magnetic resonance imaging (MRI) (19).
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Material and methods

2.1 Subjects and sample collection.

For the present study, 46 breast cancer (BC) patients were recruited from the
Department of gynecology and Obstetrics of the Hospital Dr.Ignacio Morones Prieto
in San Luis Potosi, México; subjects were women aged from 30 to 83 years in an open
prospective observational cohort study design: 2 of them with carcinoma ductal in situ
diagnosis, 9 with IA stage ductal carcinoma, 23 with stage Il carcinoma (14 IIA and 9
[IB), 11 with 11l stages (4 IlIA, 6 11IB, and, 1 IlIC) and 1 with IV stage carcinoma.

This study included women with breast cancer diagnosis detected by physical
examination, ultrasonography mammography (with mammograms on a BI-RADS
scale of 1 or 2), and/or biopsy. Patients with breast or other types of cancer
antecedents were not contempled in this study.

First-morning micturition samples were collected in sterile 100 mL plastic containers
and stored at -80 2C until analyses. [Bioethical committee registration: CONBIOETICA-
24-CEI-001-20160427 (96-18)]

2.2 Optimization of the sample preparation procedure

The optimization and selection of sample preparation procedures were performed by
testing and comparing the efficiency of solid-phase microextraction (SPME), and
liquid-liquid extraction (LLE) techniques. For LLE trials, simple hexane and
dichloromethane: acetone extractions were tested, however, it was not possible the
obtention of volatile metabolites from urine with this technique.

For SPME fiber selection, tests for comparison and analysis of two SPME fibers
(Supelco, Belafonte USA) extractions efficiency were performed.

PDMS (100 mm) and DVB/CAR/PDMS (55 mm/30 mm) stationary phases, were

tested and compared. In the end, DBV/CAR/PDMS fiber was selected.
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For technique optimization, urine samples from healthy subjects were used as an
extraction matrix.

2.3 SPME extraction procedure

Duplicates of urine of each study subject were thawed at room temperature, and
aliquots of 4 mL were taken for analyses.

After the addition of 500 pL of NaCl (5%) and 500 uL 0.1 N of HCI solutions, samples
were transferred to a headspace glass vial capped with a PTFE septum and an
aluminum cap (Agilent, California, USA).

Samples were placed in a heating and stirring plate, the temperature was adjusted to
40 + 1°C, stirred with a 0.5 mm x 0.1 mm bar, and after SPME fiber was inserted in
the headspace vial and exposed for 30 minutes. After sampling, the SPME fiber was
withdrawn into the needle and removed from the headspace vial until GC-MS analyses
were performed.

2.4 GC-MS Analyses

An Agilent Technologies (7820A GC System, USA) gas chromatograph equipment
was used for analyses, with a G4513A injector/autosampler (USA) coupled to a 5979
series MSD Mass Detector (USA). An Agilent (USA) HP-5MS, with 30 m of length,
0.25 um stationary phase film thickness, and 0.25 mm of internal diameter column was
selected.

After exposure, SPME fiber was inserted into the injection port at 250° C for 10
minutes.

The initial temperature of the oven was 60°C for two minutes, increasing 10°C/min to
180°C, followed by a 2°C/min increase to reach 260°C, followed by a 40°C/min
increase to achieve the final temperature of 300°C. Helium was used as a carrier gas

at a constant flow rate of 1 mL/min. GC'’s total run time was 53 minutes. The identity
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of metabolites was determined by comparison of NISTO5 spectral library results (with
a similarity threshold higher than 40%) included in equipment software with available
literature.

2.5 Statistical analysis

The demographic and clinical information of the patients was collected in an EXCEL
(Microsoft Excel 2016) database, followed by a multivariate statistical analysis using
the PRIMERV6 software with the PERMANOVA package. The variables considered
for further analyses were the chromatographic response measured as the area under
the curve (AUC) of the analytes of interest. The compounds that were present in less
than 20% of the samples analyzed were not considered for further analyses. The
identified compounds were considered the most significant those with high responses
and with a similarity between the chromatographic profiles of the same group. To
establish the relationship between the chemical fingerprints and the study groups
(mesaured by the AUC of the chemical compounds), an analysis of variance by
permutations (PERMANOVA) was performed. In addition, differences between the
variables were established with a non-metric dimensional chart (nDMS) analysis.
After, a canonical analysis of principal coordinates (CAP) was carried out through the
multivariate data that could best discriminate between the study groups. To evaluate
percentage of contribution of each compound for the difference between the groups a

similarity percentages (SIMPER) analysis was performed.
Results

Characteristics of BC patients are shown in Table 1. A total of 46 women participated
in the study. Twenty-seven of them were not using contraceptives at the time, whereas

that 9 of them were using hormonal contraceptive methods. Average values of age
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(37 — 61 years), weight (68.20+13.53 kg), height (1.53+0.041m), and BMI (27.33%5.70
Kg/m2) were measured and reported by physicians at the moment of diagnosis.
Histological results show that ductal cancer was the most predominant type, which is
present in 74% of the patients.

72 % of the participants in this study didn’t show other comorbidities besides BC.
However, 22 % of them, were reported with DM2, 9% with hypertension and DM2.
Compounds identification was performed by gas chromatography coupled to mass
spectrometry; responses were obtained from treated urine samples.(Table 2).
Compounds were identified by measuring the intensity of peaks, represented by the
area under the curve (AUC) and their retention time (TR).

Urine samples were previously treated, and compound identification was performed
by measuring the intensity of peaks, represented by the area under the curve (AUC)
and their retention time (TR) through gas chromatography coupled to mass
spectrometry.

As result of the analysis, 84 different compounds were identified; however, only 20 of
them were considered for statistical analysis due to their similarity percentage to NIST
library compounds.

Table 3 shows the compounds identified with their respective similarity percentage
and chemical group.

As expected, 60 % of the compounds identified, belong to the hydrocarbon chemical
group.

Figure 1.

For statistical analyses, samples were divided into two groups according to their
molecular similarities. The first group included those patients who presented O-lI

cancer stadiums and, in the second group, patients with IlI-IV stadiums. In addition,
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samples were divided by BI-RADS classification as described below: classifications
BI-RADS 0-2 were included in the first group, and the rest in the second group.

The natural variation among metabolites in the study groups' was evaluated through
a principal component analysis (PCA). In Figure 2, PCA shows that approximately
31% of the variability can be explained by components 1 (PC1) and 2 (PC2) in the
stage analysis. The existence of a real significant difference in the separation
observed by PCA was estimated through PERMANOVA test, and results show a
significant difference between the different stadium groups (F= 1.9608, p < 0.01;
Figure 2.

A CAP analysis was performed in order to verify if the previous model allowed 76.09
% of total correct classification, 88% for 0-2 BI-RADS group and 61.90 % for the 3-4
BI-RADS group. (Figure 3).

A SIMPER study was conducted to pinpoint the exact amount that the metabolites
contributed to the variations seen in earlier analyses. The results are presented in
Table 4. The analysis showed that at least 50% of the contribution was mainly for
compounds that belong to the hydrocarbon’s chemical groups.

Table 4. here
Discussion

As it was previously discussed, breast malignant tumors are the most common type
of neoplasm in women in the world. Only in 2018, around 2089 million women were
diagnosed with breast cancer. (69) (70) In developing countries, such as Latin America
and Caribbean countries it has been reported an incidence of 210 100 cases (9.3%),
and a mortality of 57984 cases (8.5%) by the year 2020. Mortality, however,

represents a major concern in these countries, this trend might be due to the limited
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access that most Latin American and Caribbean countries have to healthcare
programs. (71)

The majority of prevalent chronic diseases, including breast cancer, are properly
diagnosed and treated as part of health programs. Currently, mammography is
recognized as the gold standard for diagnosing breast cancer. However,
mammography has about a 75-95% sensitivity and an 80-95% specificity, according
to Elmore et al. (72) In the majority of cases, mammography assists in the earlier
detection of cancer and aids patients in beginning an early course of treatment; yet,
access to these healthcare services is very limited in underdeveloped nations. As
many authors remark, BC can be influenced by comorbidity with other diseases such
as DM2 and hypertension because of the hormonal dysregulation that causes obesity.
It has been suggested that hormones such as leptin and adiponectin are closely
related to the anti- and pro-inflammatory routes of M1 and M2 BC phenotypes. (73,74)
In recent years, OMICs sciences have been taking an important part in biomedical
research for the detection and evaluation of the progression of different kinds of
diseases, including BC. Metabolomics is a promising technology that identifies
patterns in illnesses and gives in-depth knowledge about the interactions among
several biomarkers in biological systems. (75) To effectively target early treatment and
enhance patient quality of life, metabolomics methods can be employed in the early
detection of BC and for the assessment of the disease's progression. (76)

To reduce costs, metabolomic analyses can be implemented in various types of
biofluids such as saliva, serum, plasma, or urine. (25)

In this regard, urine is a biofluid which is highly concentrated in volatile organic
compounds (VOMs). In addition, serves as an effective and stress-free method of

acquiring biological samples from patients.
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VOMs are formed endogenously as a consequence of biological processes related to
the apparition and or progression of BC. For this reason, the use of VOMs as
biomarkers leads us to the possibility of identifying differences between healthy
individuals and BC cancer patients. For example, in the study performed by Tang et
al. (afio, o numero de referencia?), the authors analyzed urine samples of 5 healthy
individuals and 75 BC patients, analyzed them by GC-MS and they found differences
between metabolic subtypes of ER* and ER" tumors.(77) VOCs profile analysis can
give us information on disease progression and therapeutic approaches, e.g., in a
study performed by Yu et al. (afio), proposing the existence of a relation between
chemotherapy treatment response and urinary VOMs in BC patients. They showed
30% of different metabolite concentration changes, in comparison to those that were
not receiving a chemotherapeutical treatment, which only showed a 9% of change.
(78)

As mentioned previously in this paper, cancer is a very complex disease that during
its evolution, promotes changes in normal cells becoming tumoral potential cancerous
cells.(79) Primally, cells need energy to develop tumoral characteristics, in this regard
cellular environment uses mainly glucose and glutamate to produce energy for cancer
cells, this allows to synthesize primary biomolecules such as simple and complex
carbohydrates, fatty acids, nucleotides, and amino acids used for cellular
proliferation.(80) Literature suggests that in general, altered metabolic energy
pathways such as glycolysis and Krebs Cycle are closely associated with cancer.(81)
Studies have shown that in cancer, glycolysis is increased because of excessive cell
proliferation, known as the “Warburg effect”, its main objective is to produce more
energy to maintain the cell proliferation rate in malignant cancer cells.(82) Thus, the

altered energetic pathways and hypoxic conditions that cells develop during stages of
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malignant cell proliferation led to the release of metabolites that are characteristic of
certain malignancies. (83,84)

There are specific VOMs that are closely related to BC development that result to be
a part of the biological procedures previously mentioned.

Previous literature reports are coincident with some of the results obtained in this
study. Alkanes (notably decane, dodecane, and glycine) are the most predominant
group of compounds in these urine samples in BC patients.

Undecane as well, according to Silva et al. (afio o nUmero de referencia?) was found
in significant concentrations in MCF-7 BC cell lines.(85) These compounds result from
the lipid peroxidation of many polyunsaturated fatty acids (PUFA) and phospholipids
that compound cell membranes normally. (86,87) In a study performed by Martinez et
al. (afio o numero de referencia?) suggests that different types of undecanes may be
responsible for Ca depletion that leads to cytotoxic cellular death.(88) Patients with
lung and colon cancer have shown increased amounts of other alkanes such as
dodecane, pentane, and methylated alkanes, resulting as a consequence of the
altered activity of CYP450.(89) Methylated alkanes are thought to be secondary
products of oxidative stress as well. (90,91)

Another interesting fact is that some BC patients that are undergoing chemotherapy
develop an activation of limonene and pinene degradation pathways, according to Yu
et al. investigations.(92)

In this study, a large number of alkenes was found (hexene, naphthalene, carene, etc.)
literature states that these compounds, including isoprene might be linked to the
mevalonic acid pathway from cholesterol synthesis.(93)

A different type of compound found in chromatographic analyses was aromatic ones,

there are several reports were aromatic chemicals such as toluene or p-xylene are
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found in cancer patients’ samples, however its role in disease ongoing still
unknown.(94,95) Despite this, some researchers hypnotized that the amount and type
of aromatic compounds such as benzene, toluene, xylene, and 2-5 dimethylfuran, is
highly influenced by environmental conditions, Hakim et al. suggested that there is a
higher amount of these compounds in smokers vs those patients who don’t smoke.
(96)

Cyclohexanol also seems to influence the metabolomic profile of breast cancer
patients, for example, Silva C. et al. found that Cyclohexanol and phenol were
released in BC cell line MCF-7 which suggests that this compound might be a product
of late PUFA peroxidation metabolism.(85)

Alcohols are another family of compounds that seem to be relevant in a wide variety
of cancer types, however, one of the main sources of alcohol in body fluids is the
diet.(96,97) Despite that, alcohols can be detected in urine and other biofluids as a
consequence of the pathological progression of some cancers. In addition, alcohols
can be products from hydrocarbon metabolism that is closely related to the PUFA
peroxidation process. Alcohol metabolism is mainly catalyzed by Dehydrogenases
(ADHs) in the cytosol of hepatocytes. (98) Methyl alcohol is converted into
acetaldehyde by ADHs which is also known to be a carcinogenic compound. (99)
Acetaldehyde is oxidated in mitochondria to acetate and released to the bloodstream
later on producing CO2 species and possibly generating ROS.(99) Ethyl hexanol, on
the other hand, is a compound that resulted to be decreased in blood and uirne
concentrations with papillary thyroid carcinoma, colorectal cancer, and NCI-H2087
lung cancer cell line.(100) Ethyl hexanol decrease is associated with its important role

in its consumption by the cell during tumor proliferation. (100)
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Considering all biological processes, amino acids play an essential role in breast
cancer development, being their metabolism and essential axis for tumor
proliferation.(101) Mikalauskas et al. study showed that there were significant
differences in urinary profiles of amino acids among patients before and after
undergoing chemotherapy.(101) Other studies have proposed that glycine has also a
fundamental role during brain cancer progression, due to its positive correlation with
the tumor grade. In breast cancer models, for example, higher levels of glycine have
been detected in basal-like breast cancer models in comparison with luminal-like
breast cancer models, and higher glycine concentrations have been related to bad
disease evolution prognosis.(102,103)

Glycine appears to be a common metabolite present in BC survivors that underwent
a chemotherapeutic treatment.(104,105) Glycine is synthesized from the Cho-glycine-
betaine pathway or glycolysis intermediates, in addition is (106)an essential
component from glutathione and has an indirect effect on free radical formation and

oxidative stress induction. (105,107,108)
Conclusion

Our study gave a general perspective on BC development. According to the results
obtained in CAP analyses, it was possible to observe a difference on the influence of
the metabolites during disease progression. In addition, it was possible to determine
some metabolites that mainly influence these differences, for example, glycine due to
its role in the formation of glycolysis intermediates. Other alkanes and alkenes were
also significant in BC development because of its role during PUFA peroxidation which
is very important to start the development of malignant tumors.

Despite all the findings presented here, there are still limitations since this study was

performed with a nontargeted metabolomics approach.
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As a perspective for this study, it is necessary to evaluate the accurate influence of
each metabolite presented in this study, including the targeted metabolomics
approach counting controls are needed to validate our findings.

However, this states a precedent for non-invasive BC screening techniques. For future
findings, this will be important to allow more people to get an early BC diagnosis,

especially for people with limited access to healthcare services.
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Tables

Table 1. Anthropometric patient characteristics.

BI-RADS 3-6
BI-RADS 0-2 n=25
n=21
Parameter Average (+SD) Average(+SD) T-Value p-Value
Height (m) 1.56+0.032 1.6+0.047 -1.97 0.06
Weighr (Kg) 69.8+16.3 66.22+9.85 0.87 0.391
BMI (Kg/m?) 28.82+6.7 28.1345.2 1.39 0.17
Age 52.4+14.7 46.31+10.7 1.58 0.122
Stages I-Il n=11 Stages IlI-IV n=34
Parametr Media (DE) Media (xDE) Valor-t Valor de p
Height (m) 1.59+0.05 1.58+0.08 0.56 0.582
Weight (Kg) 71.9+15.2 65.9+12.3 1.32 0.201
BMI (Kg/m2) 28.3+7 28.17+7.5 1.39 0.17
Age 51.1+13 41.8+12.7 0.65 0.519
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Table 2. Clinical patient characteristics.

Parameter N Percentage (%)
Molecular Type

Luminal A 22 48
Luminal B 18 39
Triple Negative 2 4
HER-2 1 2
Indeterminado 3 7
Stage

0 2 4

I 9 20
I 23 50
1 11 24
A% 1 2
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Table 3: Compounds found in patient’s urine samples.

Compound Molecular CAS-ID Chemical group
weight (g/mol)
Limonene 136.24 5989-27-5 | Hydrocarbon
Dodecane 170.33 112-40-3 | Hydrocarbon
Tetradecane 198.39 629-59-4 Hydrocarbon
Glycine 75.07 56-40-6 Hydrocarbon
Toluene 92.14 108-88-3 Hydrocarbon
1-Methoxycyclohexane 114.19 931-56-6 Ether
Hexane 86.18 110-54-3 | Hydrocarbon
Propanoic acid 2-metyl Esther Esther
Phenol-p-tert-butyl 150.22 98-54-4 Alcohol
Heptafluorobutyric acid, n-tetradecyl ester 410.41 7365-36-8 | Esther
Naphthalene 128.16. 91-20-3 Hydrocarbon
Carene 136.23 498-15-7 Hydrocarbon
Cyclohexene 82.14 110-83-8 Hydrocarbon
Alpha pinene 136.23 80-56-8 Hydrocarbon
Pentanoic acid, 2,2,4-trimethyl-3- 286.41 N/A Esther
carboxyisopropyl, isobutyl ester
5H-Naphtho[2,3-c]carbazole, 5-methyl- 281.3 100025- Alcohol
44-3
9-Methyl carbazole 181.23 1484-12-4 | Carbazole
Cyclohexanol 100.158 108-93-0 Alcohol
Octadecane 254.5 593-45-3 Hydrocarbon
Undecane 156.31 1120-21-4 | Hydrocarbon
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Table 4. Similarity percentages and accumulated contribution of componds to PCA.

BI-RADS
Compound Contrubution % Accumulated contribution
(%)

Limonene 8.49 8.49
Heptafluorobutyric acid, n-tetradecyl 8.26
ester 16.75
alpha pinene 8.00 24.75
Tetradecane 7.93 32.68
Propanoic acid 2-metyl Esther 6.96 3964
Octadecane 6.56 46.2
Ciclohexanol 6.20 52.4
Dodecane 5.94 58.34
Carene 5.64 63.98
Glycine 4.95 68.93
Naphthalene 4.24 73.17
Pentanoic acid, 2,2,4-trimethyl-3- 3.97
carboxyisopropyl, isobutyl ester

77.14
metyl carbazole 3.85 80.99
Hexane 3.78 84.77
Ciclohexene 3.77 88.54
Phenol p tert butil 3.67 92.21
Toluene 3.61 95.82
Undecane 2.28 98.1
5H-Naphtho[2,3-c]carbazole, 5-methyl- 1.89

99.99
1-Methoxycyclohexane 0.01

100
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Figures and figure legends
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Figure 2.
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Figure 2. Principal component analysis (PCA) of study populations. Breast Cancer patients with BI-
RADS 0,1,2 patients, and BI-RADS 3 and 4 patients. Total of variation 31.5%.
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Figure 3.
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Figure 3. Canonical analysis of principal coordinates (CAP) in different populations. Breast Cancer

patients with BI-RADS 0,1,2 patients, and BI-RADS 3 and 4 patients.
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FINAL REPORT RESEARCH STAY:

It is known that people are exposed to several kinds of environmental pollutants
through different exposure routes in complex scenarios, that is why understanding the
nature and magnitude of exposure and the negative consequences on human health
have become a critical issue in public health matters. Additionally, because of the
increasing knowledge of exposure routes and their effects on human health, that is the
reason why there are needed new tools to analyze the increasingly complex exposure
scenarios and help policymakers in the decision-making.

Due to these reasons, this investigation aimed to develop a method for the
determination of selected biomarkers and their metabolites from popular xenobiotics
in urine samples absorbed in the gel of disposable diapers from infants and children
without micturition control. It is an innovative project which results can bring many
advantages for future diagnosis of babies and small children in a noninvasive and
nonstress full way.

The aim for this internship is divided into three principal tasks, which will be described
in the following report.

1.- Develop a method for unaltered urine extraction from the absorbent material of
baby diapers.

This part of the research aimed to find a suitable salt that can extract unaltered liquid
urine from the polymer of the diaper.

The salts that were tested were: Sodium chlorine, sodium carbonate, potassium
acetate, sodium nitrate, ammonium oxalate, potassium bromate, and ammonium

bromate.
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To extract a considerable amount of urine from the diaper material, trials with different
types of salts to prevent the polymer and the urine from a gel structure formation and
extract the liquid urine were performed.

The procedure of salting the urine consisted of adding to the urine 0.5 g of the selected
salt to the sorbent of the diaper, followed by the filtration of the sample with a nylon
filter in a syringe to obtain the maximum amount possible of liquid urine in an
Eppendorf tube.

After the extraction, the properties of the urine were evaluated (to determine if it was
unaltered or not).

Conventional urine strips were used to determine if the composition of urine was
modified during the salting process.

It was added approx. 100 pL of the extracted urine to the test strip and color changing
of the parameters were evaluated with changes in RGB values of each parameter.
The evaluated parameters were as follows: leucocytes, nitrites, specific gravity,
urobilinogen, proteins, pH, blood, ketones, bilirubin, and glucose.

For the determination of the RGB values, a smartphone application was used.

At the end of the performance of these experiments, our investigation group evaluated
which salt had the minor modifications in the urine test strip parameters.

It was sodium chloride the salt the appears to produce less changes in the color of the
parameters in the strips.

2.-Develop an analytical methodology for dialkyl phosphates (DAPs) determination
and quantification in urine samples.

There is a wide variety of xenobiotics that can affect newborns' and children’s health.

These products are mainly pesticides.
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For this part of the project, it was decided to focus on organophosphate pesticides
metabolites (dialkyl phosphates) identification and quantification in urine samples.
Organophosphate pesticides are well known for their endocrine disruptor properties
and are associated with neurological development alterations in children and
newborns.

These pesticides are mainly metabolized by Cytochrome P 450 in the human liver and
converted into highly hydrophilic products that can be excreted in the urine.

The main products that can be found in urine are different types of dialkyl phosphates
such as Dimethylphosphate (DMP), Diethylphosphate (DEP), Dimethylthiophpsphate
(DMTP) Diethylthiophosphate (DETP), Dimethyldithiophosphate (DMDTP), and
Diethyldithiophosphate (DEDTP).

For the identification of these metabolites, two different analytical techniques:g
chromatography coupled to mass spectrometry (GC-MS) and liquid chromatography
and tandem mass spectrometry (LC-MS/MS) were used, which will be described in
the next section of this report.

2.1 GC-MS procedure development.

For DAPs extraction from urine, it was reproduced a previous methodology using
hexane and dichloromethane (DCM) as extraction solvents. As DAPs are highly
hydrophilic compounds, they are not suitable for GC determination, however, it was
performed a derivatization procedure with pentafluorobenzyl bromide (PFBB) to
convert these metabolites into less hydrophilic compounds, suitable for GC-MS
analysis.

2.2 LC MS/MS procedure development.

In parallel to GC analysis, an LC-MS/MS -based procedure for the compound’s

identification without the derivatization process was developed.

90



In the first place, the optimization of the mass spectrometry conditions was performed,
followed by optimization for LC conditions such as column, buffer, solvent, and
gradient selection.

Once chromatographic and mass spectrometer conditions were set, the selection for
the extraction procedure of DAPs from human urine was performed.

Conclusions

During this internship, it was possible to develop a methodology for urine extraction
from baby diapers. In addition, it was possible to establish a mythology useful for DAPs
extraction from human urine and the identification of them by LC-MS/MS.

This investigation will allow researchers in the future to have a reference procedure
for the identification and analysis of organophosphates metabolites in newborns and
infants urine.

In the future the analysis of these compounds in real newborn samples is expected.
In parallel, Gdansk University of Technology researchers and students are developing
techniques for the identification and quantification of other different groups of
xenobiotics, such as phthalates and plastics.

In further studies is vitally important to monitor the exposure to environmental
xenobiotics which can represent a hazardous component for the human health
especially during fetal and embryonic stages and during the first years of life o children.
Understanding the mechanisms of exposure of toxic substances, their metabolism,
and their effects on the body, may lead in the future to the development of a policy for
sustainable and responsible use of substances that can be considered harmful to
children and for general population.

However, there are still many challenges to overcome, such as the efficient, and non-

invasive collection of biological samples for the determination of long-term health
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effects of exposure to environmental hazardous xenobiotics as well as the
investigation of possible synergistic effects of combinations of them. Future efforts
may include the analysis and search for new exposure, and effect biomarkers,

especially in non-invasive samples such as urine, sweat or breath.

Finally, as a personal accomplishment, this internship allowed me to build professional
relationships and collaborations with experimented researchers on the field of
analytical chemistry and toxicology that will allow forming future academic cooperation
between our countries and academic institutions, thus creating networks that will allow

us to strengthen and expand knowledge, for future applications in these areas.
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Abstract

Objective: To evaluate the relationship between the use of HC and the concentration of Sialic acid (CSA) detected in the
saliva of 120 women from San Luis Potosi, Mexico. Methods: Three groups were evaluated: control group, HC intake shorter
than 4 years, and HC intake longer than 4 years. A questionnaire was applied, anthropometric measures were taken, and
collection of saliva samples was carried out. The samples were analyzed with Raman-SERS, for which silver nanoparticles
were synthesized, and the measurement of SA was held. Results: The concentrations were divided into three SA groups:
normal (< 4 mg/dL), risk (> 4-7 mg/dL), and altered (> 7 mg/dL). The maximum CSA was detected, which was 9.2 mg/dL. All
the volunteers who used the intrauterine system (IUS) and most of the ones who used the pills and subdermal implant (Sl)
presented risk and altered concentrations. Conclusions: That there is an association between the HC and the CSA, present-
ing a higher concentration, those volunteers who used IUS, contraceptive pills, and SI.

Keywords: Breast cancer. Hormonal contraceptive. Sialic acid. SERS. Raman spectroscopy.

Evaluacion de las concentraciones de acido sialico y su asociacion con el uso de
anticonceptivos

Resumen

Objetivo: Evaluar la relacién entre el uso de anticonceptivos hormonales (AH) y las concentraciones de acido sialico (AS)
detectado en saliva de mujeres de San Luis Potosi, México. Métodos: Se formaron tres grupos: grupo control, ingesta de
AH menor a 4 afios e ingesta de AH mayor a 4 afios. Se aplicd un cuestionario, se tomaron medidas antropométricas y se
llevé a cabo la recoleccién de muestras de saliva. Las muestras se analizaron con Raman-SERS (surface-enhanced Raman
spectroscopy); para lo cual se sintetizaron nanoparticulas de plata y se llevé a cabo la medicién de concentracién de AS,
comparando los resultados obtenidos con una curva de calibracion. Resultados: Se dividieron en tres grupos las concen-
traciones de AS: normal (< 4 mg/dl), riesgo (> 4-7 mg/dl) y alterado (> 7 mg/dl). La concentraciéon méaxima de AS detectado
fue de 9.2 mg/dl. Todas las voluntarias que utilizan sistema intrauterino (SIU) y la mayoria de las que utilizan pildoras e
implante subdérmico (IS), presentaron concentraciones de riesgo y valores de AS alterados. Conclusiones: Existe una
asociacion entre el uso de AH y las concentraciones de AS, presentando una mayor concentracién de AS aquellas volun-
tarias que utilizan SIU, pildoras anticonceptivas e IS.

Palabras clave: Cancer de mama. Acido sidlico. Anticonceptivo hormonal. SERS. Espectroscopia Raman.
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HIGHLIGHTS GRAPHICAL ABSTRACT

Environmental and health concerns can
be associated with baby diapers.

Single use and disposable diapers are
analysed, focusing on materials and
waste.

Enhanced design, use and waste manage-
ment options are provided.

Systemic challenges and future perspec- [JJ
tives are described. Environmental
Holistically safe(r) and sustainable diaper- & impacts

ing processes are addressed.

Managing waste from the use of single-use diapers

Enhanced options to handle
waste

Eco-design and circular

Health impact business models

Recent technologies for
treatment and recycling of
used diapers

ARTICLE INFO ABSTRACT

Editor: Dimitra A Lambropoulou Single-use baby diapers belongs to an important group of products used in the parenting journey because of their high
performance and convenience. Single-use baby diapers are normally thrown away after one-time use, resulting in a
Keywords: waste management problem. The goal of this paper was to better understand main environmental concerns of different

Chemical safety
Ecodesign
Environmental impacts

types of diapers and address how to reduce them, with a special consideration of waste management strategies and
user behaviour practices. Furthermore, health and environmental hazards potentially associated with materials in-
. cluded in diapers, or substances formed from diapers during the waste treatment stage, are also analysed
Reusable baby diapers
Single-use baby diapers (e.g., phthalates, pesticides, dioXins, pesticides). Three main types of baby diapers have been analysed: single-use
Waste management baby diapers, reusable baby diapers, and biodegradable single-use diapers. Each type of diaper comes with technical
characteristics and environmental concerns and challenges, which are discussed in this paper to support the develop-
ment of measures for the safe(r) and sustainable design, use and end of life management of baby diapers.

Contents
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2. Types of diapers and their health and environmental impacts 2
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GRAPHICAL ABSTRACT

+ EXposure to pesticides and their metabo-
lites starts in fetal period through pla-
centa.

* Neonates exposure to pesticides can lead

to life-long abnormalities and diseases.

Pesticide determination in neonates

biofluids should differ from those from
adults.

Novel analytical approaches focus on low
volume analysis and high throughput.
Untargeted analysis gives information for
toXicity assessment in biological systems.
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ABSTRACT

Editor: Dimitra A Lambropoulou

Keywords:
Xenobiotics

Pesticides

Heavy metals

Persistent organic pollutants
Children

Fetus

Health

Analytical techniques

This review covers key information related to the effects of pesticides on fetal and child health. All humans are exposed
to environmental toXicants, however child's health, due to their high vulnerability, should be of special concern. They
are continuously exposed to environmental Xenobiotics including a wide variety of pesticides, and other pollutants.
These compounds can enter the child's body through various routes, both during fetal life, in the first days of life
with breast milk, as well as during environmental exposure in later years of life. Consequently, in the body, some of
them are metabolized and excreted with urine or faces, while others accumulate in tissues causing toXic effects. This
review will provide information on the types of pesticides, their pathways of uptake and metabolism in children's bod-
ies. Determination of the impact of them on children's organism performance is possible through effective identifica-
tion of these compounds and their metabolites in children's tissues and biofluids. Therefore, the main procedures for
the determination of pesticides are reviewed and future trends in this field are indicated. We believe that this compre-
hensive review can be a good starting place for the future readers interested in the impact of environmental Xenobiotics
on the health of children as well as the aspects relates with the analytical methods that can be used for analysis and

monitoring of these pollutants in children's tissues and biofluids.
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Metabolomica como nueva herramienta para el diagndstico oportuno en
enfermedades no transmisibles
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Resumen

En los Gltimos afios, el empleo de las ciencias “Omicas” en la optimizacion del diagndstico temprano y no invasivo de diferentes
tipos de enfermedades, ha cobrado gran importancia, principalmente en enfermedades crénico-degenerativas; por otro lado,
también han sido empleadas para la evaluacion de la exposicion a determinados contaminantes ambientales, infecciones
bacterianas y virales, entre otras aplicaciones. Entre las ciencias 6micas destacan principalmente la gendmica, transcriptomica,
protedmica, y actualmente ha cobrado gran relevancia la metabolémica. Gracias a los multiples avances tanto en la genémica
como en la protedmica, se han logrado establecer algunos elementos para el posible diagnostico de enfermedades cronico-
degenerativas. Sin embargo, ain no se han dilucidado por completo los cambios metabolicos que se llevan a cabo durante
los procesos patoldgicos de distintas enfermedades. Por esta razon, la metabolémica ha surgido como una disciplina con una
aplicacion muy importante para la identificacion de componentes oportunos en el desarrollo de algunas enfermedades.

Palabras clave: biomarcador; metabolomica; dmica; salud.
Resumo

Nos Ultimos anos, o emprego das ciéncias “6micas”, na otimizagao do diagndstico precoce e nao invasivo de diferentes tipos
de doencas tem ganhado grande relevancia, principalmente em doengas cronico-degenerativas. Por outro lado, também tém sido
utilizadas para a avaliag@o da exposicdo a determinados contaminantes ambientais, infeccdes bacterianas e virais, entre outras
aplicacoes. Entre as ciéncias 6micas, destacam-se principalmente a genémica, transcriptomica, protedmica e atualmente, tem
adquirido grande relevancia a metabolomica. Gragas aos multiplos avancos tanto na gendmica quanto na protedmica, tem-se
conseguido estabelecer alguns elementos para o possivel diagnostico de doencas cronico-degenerativas. Entretanto, ainda nao
se esclareceu completamente as mudancgas metabdlicas que ocorrem durante os processos patologicos de diferentes doencas.

Rev. salud ambient. 2019; 19(2):109-115
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Abstract: The aim of this work focuses on the application of nanomaterials (NMs) in different sorp-
tive extraction techniques for the analysis of organic contaminants from environmental samples
of distinct matrix compositions. Without any doubt, the integration of specific NMs such as car-
bonaceous nanomaterials, magnetic nanoparticles (MNPs), metal-organic frameworks (MOFs), silica
nanoparticles, and ion-imprinted NPs with solid-phase extraction techniques counting d-SPE, solid-
phase microextraction (SPME), and stir bar sorptive extraction (SBSE) impact on the improvements
in analytical performance. The application of NMs as sorbents in the extraction of organic pollu-
tants in environmental samples allows for providing better sensitivity, repeatability, reproducibility,
and reusability.

Keywords: nanomaterials; nanoparticles; extraction techniques; sorbent; sample preparation

1. Introduction

Much research on the application of nanomaterials in different scientific and industrial
fields is being performed in areas such as oil processing, sensors, water treatment, building
materials, catalysis, food, and construction [1]. NMs have also become an object of interest
in the field of analytical chemistry activities [2]. Over the last two decades, NMs have been
widely applied as sorbents for the extraction of environmental contaminants [2]. This is due
to their unique properties such as large surface area and fast adsorption capability, and they
also present high selectivity and efficiency for environmental pollutants. The most popular
NMs used as sorbents for these purposes are magnetic nanoparticles (MNPs), nano-based
metal-organic frameworks (N-MOFs), silica nanoparticles (SiNPs), carbon nanomaterials
(CNMs), and nano-imprinted polymers (NIPs). These NMs are utilized for the isolation and
pre-concentration of environmental pollutants in such techniques as solid-phase extraction
(SPE), solid-phase microextraction (SPME), magnetic solid-phase extraction (MSPE), and
dispersive solid-phase extraction (DSPE). It is worth mentioning that the application of
these nanomaterial sorbents impacts the extraction efficiency of these techniques.

This review summarizes the basic features of analytical options that can be used for
the extraction and preconcentration of pollutants in environmental samples based on the
integration amongst different kinds of NMs and several types of microextraction techniques.
In addition, environmental samples characterized by different matrix compositions are
considered. The issue of the article focusing on the application of nanosorbents as materials
for extraction processes was highly treated in the literature [3-6]. However, this review
contains essential and the most significant information for researchers who deal with the
complex issues connected with environmental samples and can be an easy start for future
researchers in this area. In the present article, future authors will find not only information
on the types of NMs applied in sample preparation processes, but also general knowledge

Molecules 2022, 27, 1067. https://doi.org/10.3390 /molecules27031067
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Cancer de mama

« Tumor maligno en glandulas mamarias
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Vasos sanguineos Nédulos linfaticos

Darci T. Butcher et al 2009.
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Grado de infiltraciéon Anatomia Proteinas expresadas
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HER-2 enriched

« Triple negativo

Normal Like

shuster, Gallimidi et al. 2011.

Clasificacion TNM

N,_ Grado de ropagacion
* noédulos linfaticos adyacentes

T Extensiony M Metastasis

tamafio del tumor
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NO: No existe en invasion de nédulos
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Mo: Sin signos de cancer en
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N3: Nédulos axila res y nédulos ML Céncer invasivo en
mamarios ( © ¢ @) partes lejanas  al tejido
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Catherine F. Cowella et al. 2013, breastcancer.org, American Joint Committee on Cancer (AJCC)
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Estadios del cancer de mama
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Epidemiologia

« Primeracausade muerte en mujeres de 30 a
54 afios de edad.

Muertes asociadas atumores
malignos

Nuevos casos en el afio 2020
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Estadio avanzado mayor costo en estudios de
laboratorio-gabinete, cirugias,
hospitalizaciones e interconsultas.

Costo promedio de atencidn por paciente
es de $99280.38 MXN en estadio inicial.

Costo promedio de atencién por paciente es
de $148 023.60.38 MXN en estadio avanzado.

in, et al (2023). Andl 5
tardia en tercer nivel de atencion. Citugiay cirujanos, 91(1), 28-33.

Diagnéstico

Autoexploracion.
+ Mujeres mayores de 20 afios.
Examen clinico.

1ICO
+ Exploracién clinica de la mama.
+ Historia clinica.

+ Mujeres mayores de 25 afios.
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Diagndéstico

« Categorias de evaluacion Breast Imaging Reporting and Data System (BI-

RADS).
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BI-RADS 3 ‘ Hallazgo posiblemente 2 ‘
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BI-RADS 6 Malignidad demostrado
Li, Peng et al. 2014 16
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Metabolémica

Caracteristicas
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Huella metabolémica representativa del
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Scharft 2015, Frente Genet
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los metabolitos
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Metabolémica
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Hipétesis

Los patrones metabolémicos de mujeres con diagnéstico
de cancer de mama presentan diferencias con respecto
al de las mujeres sanas y con diferentes estadios de la
enfermedad

Objetivos especificos

1. Estandarizar las técnicas de nariz electrénica y cromatografia de gases-
masas para identificar patrones de metabolitos en muestras de aliento

exhalado y orina.

2. Calcular la sensibilidad y especificidad del método estadistico empleado en
el andlisis de los patrones obtenidos de la nariz electrénica, a través de la

elaboracién de curvas ROC.
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Objetivos especificos

3. Identificar patrones de metabolitos en orina y aliento exhalado mediante

metaboldmica no dirigida, empleando cromatografia de gases-masas y nariz

electrénica.

4. Comparar los patrones metabolémicos de compuestos organicos volatiles
globales entre mujeres sanas, pacientes con cancer de mama y pacientes

con cancer de mama que cursan los estadios I-1l'y lI-IV.

Metodoloqgia
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Mujeres sanas JC M
« Estudio piloto cl
Mayores de 18 Mayores de 18
 Transversal afios afios
* N= 30 Individuos por grupo Clinicamente Diagnéstico de
sanas cancer de
mama.
e o e o e S T o e T -
32 33
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Grupos de estudio ) Grupos de estudio

Criterios de inclusion

1.- Mujeres. 2 c 1.- Mujeres que se encuentren bajo tratamiento hormonal o
(%
s 2.- Mayores de 18 afios. E g quimioterapia.
~ . oy . . ) . o 3] : . . .
8 7] 3.- Diagnéstico de cancer de mama en estadios (0-1V) con estudios 5 2 | 2-Mujeres que hayan padecido otro tipo de cancer.
Q£
confirmatorios (mastografia/ultrasonido/diagnéstico S 3.- Mujeres fumadoras.
|_histopatol6gico). -
o -
r cc
) ]
@ 1.-Mujeres E § 1.- Que decidan ya no participar en el estudio.
< - il 2 .=
S 2.-Mayores de 18 afios de edad. o § 2.- Imposibilidad para la toma de muestra.
£
L o

34

w
w

Metodologla { Metodologia

Plan general de trabajo Identificacion de pacientes con cancer de mama
[_pre-covio Post COVID > g 5 3 _
Explicacin de Ahenlo exhalado. Aliento ~ exhalado. 5
protocolo Grupos < B
Identificacion de g Copur e Estratificar por | “yijerescon  Controles + Exploracion clinica . Mastografia - BI-RADS + Biopsia
pacientes con arupos. cancerde  (Healthy). N HC hospital de referencia.
datos mama (BC) T oy Pacientes con alta sospecha de Médico realiza el diagnéstico CaM
CaM T -Estadios (0IV) |[———————————— 2 % caMm.
o mo -BIRADS (0-6) | _Orina. gz
v X R ”L‘I“ ) Grupos Controles
! ecoleccion m ~ Tanto las pacientes como las mujeres
n It de muestras 3 BI-RADS 1-2 BI-RADS 3-6 e Q0 Invitacion para participar en el sanas fueron invitadas a participar
bioldgicas Muieres con  Mujeres en x w [ estudio. por parte del personal de salud de
Objetivos estadio O-Il__ estadio lll-V HC (médicos residentes, internos,
= an estudiantes de posgrado).

36 37

Metodologia { Metodologia

Recoleccion de muestra de aliento exhalado.

Andlisis de aliento mediante

nariz electronica
omd % PCA
\‘ w ! ) cAP
ak ar CurvaROC
\ - Andlisis de orina| SIMPER
and .
mediante CG-MS Procesamiento

i ; y analisisde 4 )
':i& muestra ‘

38 39
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Metodologia

Estandarizar la técnica para identificacion de patrones de metabolitos en muestras

de aliento exhalado y orina en mujeres de cada uno de los grupos.

Muestra incubada Andlisis de

Lectura

Temperatura

minutos.

ambiente durante 2

minutos a 37°C.

se inyecta

Incubacion durante 20 girectamente en

la nariz
electrénica.

Nariz electionica
Cyranose® 320

datos
CONDICIONES DEL EQUIPO
Linea base: 40 segundos (120 mi/min)
Lectura de muestra: 90 segundos
Limpieza de sensores e inyectores
80 segundos (180 m/min)

Metodologia

Andlisis de COVs por nariz electrénica cyranose® 320

OR/Ro.

Time (seconds)
Sensograma caracteristico de pacientes con CaM y mujeres sanas
A) Sensograma de paciente con céncer de mama B) Sensograma de mujer sana

40

41

Gr!

mama (BC)

ujeres con
cancer de

upos
ontroles
(Healthy).

(Y

CurvaRoC | 4=

AnNarsis estadistico de muestras de a IEHEO exharado. -

Variables:
Cambios en las
respuestas  de

los sensores.

Andlisis de
=) | componentes
principales PCA.

Analisis
predictivo CAP

Analisis
PERMANOVA

Metodologia

Anélisis de Componentes Principales (PCA)

5 Ciase

IV v~
.

Total de explicacién de variabilidad: 95.9%
PC1(68.8%)
PC2 (27.1%)

P<0.0001 (Andlisis de varianza basado en permutaciones
(PERMANOVA))

42

Metodologia

Recoleccion de muestra de orina.

* Chorro medio g

« Frascos estériles
de 50 mL

« Ayuno de 12 horas

»

Procesamiento
de muestra y
~ \andlisis por CG-
. MS

44

43

Metodologia

Estandarizacion del procedimento para el

muestras de orina

Condiciones icadas

Divinilbencen/Carboxen/Polidimetil-
siloxano (DVB/CAR/PDMS)

Polidimetil-
siloxano (PDMS)

Tipo de fibra.

andlisis de las

Tiempo de incubacién

(min). 20 40 60
Tlempo de exposicion 60 5 30
(min).

Temperatura de 60 20 30

exposicion (°C).

45
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Procesamiento y analisis de muestra de orina. Andlisis estadistico de muestras de orina.
Condiciones cromatogréficas .
L = e 00 CI10 Exposicion 30 . Grupols Comparacién  de Variables: Areas
+ ei&z‘?;?éﬁra e min min/ 60°C I'B\lllulj?ireDSSclog ’\gllll‘;fggosne W) COMPUESTOS  CON |y, bajo la curva
i M Fibra PDMS B e B ) base de datos. (AUQ).
200 ul Rampa de 60°C hold 2 min Mujeres con  Mujeres en
H temperatura 10°C/min a 180 estadio O-I _estadio llI-IV NIST 1
1°C/min a 200 ‘
2°C/min a 265 Analisis de
30°C/min a 300 Analisis Analisis Analisis
"= - 4= 4= | componentes
Modo Sean ﬁ SIMPER predictivo CAP PERMANOVA principales PCA.
Andlisis
cromatogréfico
46 47

Resultados v discusion Aliento exhalado

48 49

Caracterisiticas antropométricas de las pacientes n=72 Caracterisiticas clinicas las participantes
Parametro n Porcentaje (%)
. Mujeres con Tipo molecular
Mujeres sanas

n=37 céancer de mama Luminal A 18 6

=35 Luminal B 32 12

Parametro Media +DE Media +DE Valor-t Valor de p Triple Negativo 12 4

HER-2 12 4

Altura (m) 1.55+0.032 1.56+0.05 0.16 0.87 Indeterminado s .

Peso (Kg) 69.5+15.67 66.13+14.63 075 0.45 Estadio

0 3 8

IMC (Kg/m?) 28.73+5.5 27.12+4.60 148 0.14 ! 4 12

: | 1 14 40

Edad 54+12.18 49+11.22 -0.83 0.41 n 8 24

L\ 6 16
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Resultados

Comorbilidades de las pacientes con cdncer de mama

Comorbilidad n Porcentaje (%)
DM 2 6 16
Hipertension 13 36
Ninguna 18 52

Resultados

Andlisis de componentes principales (PCA).

]
i .
1
g vy
3 ¥ ‘u.v"
z o, ]
§ 5 Total de explicacion de variabilidad: 95.3% v
g PC1 (68.8%) v
Pe2 (27.1%)
10
20 a5 T 5 0 s

5 0
PCO1 (68 8% of total vanation)

52

53

Resultados

Andlisis canénico de coordenadas principales. Distribucién de los diferentes

grupos de estudio.

Healthy YV vvessewre vy

cse
[

% de correcta clasificacion=
95%

Resultados

Recieving operating characteristics (ROC) curves

Curva ROC/ CAP/ AUC:

Tusa de verdadecos positivos (Sensibiidad)

Taza de falsos positivos (1 - Espacifcidad)

Valor de cohorte

-0.093

54
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Resultados

Calcular la sensibilidad y especificidad de los métodos utilizados a través de la

elaboracién de curvas ROC.

R=0.95

Sensibilidad: 100%

Especificidad: 100%

Discusién

222 pacientes
conBCen
estadios iniciales

con E-Nose 320

Support vector machines (radial kernel)

Support vecior machines (polymomial kerol) | 063 E
Random fores [0 o ow
( ) Table3. L lidated

T . breast cancer using machine learning algorithms.
Andlisis Machine . e
learning

L )

Luminal A Luminal B [MERines | Trplenegatve
am [0
. Yo Byes s o
) Analisis de Dot am  Jam
aliento exhalado [Fcurt network o Tase
Support vectoe machins (e ke fase

[ow

and reliability of molecular phenotyping of

67
0w

057

Vang F-Yet al Breath biopsy of breast cancer Using sensor array Signals and machine learming analysis. 3¢ Rep.

021:11(1):103

56
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Discusién

A Confidence intervals

analysis. Sci Rep. 2021;11(1):103.

8 Partial AUC (AUC)

Discusién

=
36 pacientes con BC &
y 45 mujeres sanas. [

Obtencién de
muestras de aliento

Andlisis y
comparacion con
diferentes tipos de E-
nosey ANN

it 8¢ ANN bl b B v st o it ~Croe 1
i s e e e md s ol b i

E——— [

Med. 2018;96:227-232.

Tman-Saffar0, Early non-nvasive detection of Breast cancer Using exhaled breath and urine analysis. Comput B

ToT

58
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a) 0.
¥ Lung Cancer
203 participantes ® control
30 cancer de pulmon, 50 : s

COPD, 50 BC, 50 Controles. g Vi

)
ot e
el ¥
-3
Analisis mediante Cyranose e s 5 3 & W
20. b
320. s
N
Yy &
- g \
Anlisis estadistico PCA, hbit 4
e
2 20 15 5 [ 5 o
) -

Rodriguez-Aguilar, Clinica Chimica Acta 518 (2021) 60

Discusién

s Acoro
"  Control
A A e
W““\r- Table 2
PN Multivariate analysis resuls of patients with Lung Cancer, Breast Cancer and
aTe, coeD.
. Maltvariate Lung Gancerve Lumg Cancer st Cancer
& % & ) + s yais Breast Cancer vs coD v cOPD.
i PCA (% Variation)
T ¥ Lung Cancer w01 72 w3
v, 2 175 2
¥ Breast Cancer
e BTt oo 13 77 0
st - A coro
» ® Control o1 o1
9305 10
chsifcxion (%)
ot Mschsifcaton 694 o
» b pvalue oom oom osor
sl 4 4 + 4 4 4
28 2 -8 10 5 o B 10

Rodriguez-Aguilar, Clinica Chimica Acta 518 (2021)

60

61

Orina

Caracterisiticas antropométricas de las pacientes

Resultados

Mujeres con cancer de mama

n=46
Parametro Media +DE
Altura (m) 1.53+0.00
Peso (Kg) 68+13.53
IMC (Kg/m?) 28+5.70
Edad 49+12

62

63

10
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Caracterisiticas anti icas de lasp n=46 Caracterisiticas antropométricas de las pacientes n=46
BI-RADS 0-2 BI-RADS 3-6 Estadio Il Estadio IIl-IV
n=25 n=21 n=11 n=34

Parametro Media +DE Media +DE Valor-t Valor de p Parametro Media +DE Media +DE Valor-t Valor de p

Altura (m) 1.5610.03 1.640.05 -1.97 0.06 Altura (m) 1.59+0.05 1.58+0.08 0.56 0.58

Peso (Kg) 69.8+16.30 66.22+9.85 0.87 0.39 Peso (Kg) 71.9415.20 65.9+12.30 132 0.20

IMC (Kg/m?) 28.82+6.70 28.13+5.20 1.39 0.17 IMC (Kg/m?2) 28.3+7.00 28.17+7.50 1.39 0.17

Edad 52.40+14.70 46.3+10.70 1.58 0.12 Edad 51.14+13.00 41.8+12.70 0.65 0.52

64

65

Resultados

Caracterisiticas

icas de las

Parametro n Porcentaje (%)

Tipo molecular

Luminal A 22 48
Luminal B 18 39
Triple Negativo 2 4
HER-2 1 2
Indeterminado 3 7
Estadio

0 2 4
I 9 20
i 23 50
n 11 24
v 1 2

Oftras caracteristicas:

Parametro n Porcentaje (%)
Partos

Ninguno 1 2.8
1 3 73
z v 220
3 ¥ 19.5
4 4 9.8
50 mas 3 146
Método anticonceptivo

utilizado

Anticonceptivos hormonales 9 220
Oculsion tubarica bilateral 7 17.1
Ninguno 21 512
Otro 9 220

66

67

Resultados

Tine

R_esultados

Ejemplos de cr g de orinade con cancer de
mama
___ Estadio 0-Il
___ Estadio III-IV
R 500000
e
s 400000
3
u 300000
e
s 200000
t Il
2 100000 . I
ﬂ . Ao
RO ERCH F R F YA C IO S MO S SO SO PR Y

Tiempo de retencién (min)

Compuestos identificados por CG-MS

TOTIEN: C) TOBBE3, il |
TITTY TITTET T
Hexano TETE TIOSTS, ALl |
CIdo propancico 2-metl ester Ester
50, 5 Tetor
cIdo T 71041 365365 Ester
tetradecil ester
TZ5T 203 TTICATDOTe:
Careno 0 7T HTITOCarDaTs:
e T TOSoT FTOTOTarDoTe:
T PEMTaTOTe D2 Z 2 et BT ™ ESTer
3-carboxisopropyl, isobutil ester
23T 3 BT TOD025 43 oot
Unaecans. T563T TIZ0ZTT, TIArOCaTbuTs.

68

69
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Resultados Resultados {

Anélisis de componentes principales.

Grupos de estudio
Grupo n Grupo n Total de explicacién de variabilidad: 31.5%
PC1 (19.3%)
Muijeres Muijeres pe2 (12.2%) R i
con BI- 25 con BI- Zi, . us $ whupaTe
RADS 1-2 RADS 3-6 g
Mujeres Mujeres en
con estadio 11 estadio IlI- 34 5
o-lI vV

PERMANOVA (Permutational mulivariate anal{si of Var

70 71

Andlisis de componentes principales. Analisis candnico de coordenadas principales. Distribucion de los diferentes grupos
de estudio. _—
Total de explicacién de variabilidad: 31.5% Besetioms 01 bt dotece R
PC1 (19.3%) ::wg‘u} R= 0.6198
PC2 (12.2%) — .
% b BADS01.2 irEmmEmI
ad 19 as
2 ar P o« - 'l
) T : |
) v v ,Q& ; B o e ow e o en s % de correcta clasificacion=
¥y M SRADE3Y 4 v YWYYTWW Wow vy v 61.9%
o
R e e e T R I, Andl canoio decoordenadas prinGs. isticionde s deretes gruposde et basado e ofpar metabolgmico
PERMAN - veoaond
presente encada muesira

72 73

Andlisi
Compuesto Contibucion % Contibucién acumulada (%)
Timonenc 7 LT
radecilester 525 1675
‘Afa pineno 500 275 .
90 Pacientes Needle trap

feidasapinoico 2-meti Ester 8% 3368 A microextraction
30 cancer de mama o

Cicohexanol 20 BT . . Analisis por CG
30 céncer de colén o

Careno 564 63.98 Identificacion de COVs

Naftaleno a2 717 30controles enorina

i 397

carboxyksopropil isobuti ester 7714

Wietircarbazal 7 5T

Cidohexeno 377 8854

Tolueno 361 9582

SH-Nafto[2,3-<lcarbazol, 5-methl- 189 9999

T-Methodcidohexano 001 100

P. Porto-Figueira et al. / Analytica Chimica Acta 1023 (2018)

74 75
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Discusién

* Veluhe mecatoteer [T

P. Porto-Figueira et al. / Analytica Chimica Acta 1023 (2018)

T 1
for each VOM.
© Volahe mecsbobies [T [ @ )
n 0o e
3 34 St et ey
335 Dlmeig & methpierecscihenene it
B e e e
3 1105 1ors
3 Tiaghene Jievagring
e e SR g
o ‘T‘E—ﬂ_rmu T
R — i
© 2ep3 e
1 Dy dsuigae 1201
ot s
D Vs oo
P sy Tams
B 3 (52 e 154
& 5 Oumenyd o)
@ 2y et v
@ 226 ey 6 i 1
9 77-Dimetid 8 w5220 foecan 0. cae 1706
4 i
s iwoe
52 T Tt - meehyens-cycihenens s
53 B eyt gt e}
54 Dy o e
2 Tepioese nm
T4 Gl o
[ timaeen i o
3 s i) T

P. Porto-Figueira et al. / Analytica Chimica Acta 1023 (2018)
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Discusion

Discusion

Major VOMs

BCTL
®BC
mee

Relative Area (%)

BER

|
o |
1 =N
A E
. | -
. |

E

|

]

i

b

|

P. Porto-Figueira et al. / Analytica Chimica Acta 1023 (2018)

()

Orina de 50 pacientes con céncer
de mama y 50 controles

Andlisis por GC-MS

- 5-Hydroryindoleacetate Urea
Cuantificacién de compuestos y
comparacion con biblioteca NIST

Andlisis estadistico LDA Y SVM, t-

Student en comparacién de grupos

H.Nam et al,, bioinformatics, (2009)

78

Discusion

Importancia de la matriz bioldgica

Aliento exhalado Orina

No invasiva: La recoleccién de muestras de orina y aliento es un i noinvasivo y i sencillo
en comparacién con otros métodos de obtencién de muestras biolégicas.

Facilidad de recoleccion: La toma de muestra de aliento es un simple y rapido en 6n con

otros métodos de obtencion de muestras biologic
Ua orina se puede recolectar éciimente en grandes cantidades y et disponible de forma regular y continua.

Repr ividad del ico: Tanto la orina como el aliento reflejan el metaboloma sistémico y
puede proporcionar informacién sobre diversos procesos metabdlicos y la salud general del individuo.

de las Las muestras de orina
suelen ser estables durante el almacenamiento a largo
plazo, lo que facilta su procesamiento y analisis en
estudios de metabolémica.

Deteccién en tiempo real: Algunos ueden
ser detectados en el aliento de forma casi mmedlata o
que permite mediciones en tiempo real.

uf

te Roessner, A. lan Smith, 2016, Wiley 50

80

79

Conclusiones

*Se observé un comportamiento diferente en el patron de
metabolitos de personas sanas y mujeres con cancer de mama en
las muestras analizadas por nariz electronica.

* La obtencion de aliento exhalado en las personas de ambos grupos
nos brinda la facilidad de obtener una muestra no invasiva para la
identificacion de metabolitos.

* La elaboracion de curvas ROC con los datos obtenidos de aliento
exhalado nos permite considerar la nariz electrénica como una
herramienta Gtil para la distincién de 2 grupos.

81

13
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Conclusiones

El limoneno y el alpha-pineno se han descrito como elementos
relevantes en algunos tipos de cancer.

Los HC poseen un papel importante en la biosintesis de acidos
grasos la cual se ve exacervada en procesos oncolégicos.

El uso adecuado de las herramientas anteriormente descritas puede
proveer un auxiliar Gtil en la deteccion oportuna de CM

Conclusiones

« Aplicaciones clinicas .

BI-RADS Riesgo Dx

0 13%

| <1%
it <1%
[0 <2%
v 4-95%
a 10%
b 50%
c 70%
v 95%
Vi Seguro

82
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Limitantes

« Lapandemia de COVID-19 limit6 muchas de las estrategias que se definieron al inicio para elaborar el presente

proyecto.

« No fue posible darle seguimiento a las pacientes una vez que comenzaran su tratamiento.

« Los grupos empleados para el analisis de orina no proveen suficiente evidencia para determinar si existe

alguna diferencia.

+ No se conto con el suficiente nimero de pacientes de cada grupo para la consolidacion del estudio piloto

No fue posible emparejar el andlisis de aliento exalado tanto en CG-MS con nariz electrénica parala obtencion

de datos confirmatorios.

En el presente proyecto no fue posible hacer una cuantificacion dirigida de los metabolitos encontrados en

orina.

—

[rs—

.
Hidrocarburos:
* Hexano

* Ciclohexano
* Undecano

e =2 Aminodcidos
« Glicina

Eylem Kulkoyluoglu-Cotul, 2019

84
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Perspectivas

Es posible realizar un estudio mediante una técnica anlitica distinta para respaldar los resultados obtenidos.

Elaborar grupos mas grandes en donde se incluyan una mayor cantidad de pacientes con diversos grupos

moleculares para obtener un anélisis més especifico sobre las diferencias en cadatipo de cancer
Realizar un andlisis dirigido con metabolitos representativos de cada grupo.
Determinar rutas metabélicas alteradas en los grupos de estudio.

Utilizar lanariz electrénica como técnica confirmatoriay auxiliar en el tamizaje de cancer de mama

Productos

86

87
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Estancia académica

Departamento de
| Quimica Analitica

o el Justyna Plotka-Wasylka, PhD,
OF TECHNOLOGY DSc.eng

“Determination of selected biomarkers of exposure to popular xenobiotics in
samples of children's urine absorbed in disposable children's diapers”.

Desarrollar un método para la determinacién de xenobidticos y/o sus metabolitos a partir de
muestras de orina lactantes y nifios.

NAWA s Db

Productos doctorado
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Productos doctorado

Articulo Aprobado

osorbents as Materials for Extraction Processes of
Environmental Contaminants and Others

15, S Zavasta!

i

Science of the Total Environment «

Productos doctorado

How pesticides affect neanates? - Exposure, health Implications and
determination of metabolites

B e tr s

oaGmAL ARTICLE

Evaluation of sialic acid concentrations and its association
with the use of hormonal contraceptives

90
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Productos doctorado

Revisiones il
SN

[ —

Certificate of Reviewing

St ofthe ol Envroment

Certificate of Reviewing

At o v or 203

v v ottt o he o

Trends n Ayl iy

Certificate of Reviewing

Gracias
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