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Estudio de variantes del número de copias (CNVs) en el genoma de 

niños con obesidad  

 

 

I. RESUMEN 

La obesidad es uno de los problemas de salud más importantes en el mundo, en 
México la prevalencia combinada de sobrepeso y obesidad en niños en edad 
escolar es del 34.4%. El aumento de peso corporal inicia durante la infancia, en 
su origen, se involucran factores ambientales, del estilo de vida y la 
predisposición genética. Se han identificado aproximadamente 97 loci con 
polimorfismos de un solo nucleótido (SNP), asociados a obesidad y alteraciones 
en el índice de masa corporal (IMC), sin embargo, estos no explican la 
variabilidad fenotípica observada, sugiriendo que otras formas de variación en 
el DNA pueden explicar el resto de la heredabilidad. Las variaciones en el 
número de copias (CNV), son fragmentos de DNA mayores a 1 kb y comprenden 
inserciones, eliminaciones, traslocaciones e inversiones del material genómico, 
pueden modificar los niveles de expresión tanto del RNAm como de la proteína. 
El objetivo del presente estudio fue evaluar la relación de CNVs en genes 
candidato y regiones intergénicas con la obesidad en niños mexicanos. Se llevó a 
cabo un estudio en 1423 niños de 6 a 12 años de edad, se realizaron mediciones 
antropométricas, presión arterial, glucosa, triglicéridos, colesterol, LDL-col, HDL-
col, adiponectina, leptina, insulina IL-6 e IL-10. El número de copias se 
determinó por PCR dúplex en tiempo real; se analizaron trece genes y cuatro 
regiones intergénicas, encontrando que las duplicaciones en los genes LEPR y 
NEGR1 se asocian con la disminución del IMC, de la circunferencia de cintura 
(CC) y el riesgo de obesidad abdominal (OA); mientras que las duplicaciones del 
gen ARHGEF4, CPXCR1 y las regiones intergénicas 12q15c, 15q21.1a y 
22q11.21d se relacionan con un aumento significativo en el IMC, CC y del riesgo 
a OA. Por otro lado, las eliminaciones en el gen INS contribuyen al aumento del 
IMC, de la CC y del riesgo a OA. Nuestros datos sugieren una posible 
contribución de las CNVs en estas regiones al desarrollo de obesidad, 
principalmente abdominal, en niños mexicanos. 
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II. ABSTRACT 

 

Obesity is one of the major health problems in the world, in Mexico the combined 

prevalence of overweight and obesity in school-age children is 34.4%. The weight 

gain starts during childhood, in its origin, environmental factors, lifestyle and 

genetic predisposition is involved. Have identified approximately 97 loci with single 

nucleotide polymorphisms (SNP) associated with obesity and impaired body mass 

index (BMI), however these do not explain the observed phenotypic variability, 

suggesting that other forms of variation in the DNA may explain the rest of 

heritability. Copy number variation (CNV) are long fragments of DNA, typically 

greater than 1 kb and comprise insertions, deletions, translocations and inversions 

of genomic material, can modify the expression levels of both mRNA and protein. 

The aim of this study was to evaluate the association of CNVs in candidate genes 

and intergenic regions with obesity in Mexican children. A study was conducted on 

1423 children aged 6-12 years, anthropometric measurements, blood pressure, 

glucose, triglycerides, cholesterol, LDL-chol, HDL-chol, adiponectin, leptin, insulin, 

IL-6 and IL-10 were made. The copy number was determined by duplex real-time 

PCR; thirteen genes and four intergenic regions were analyzed, finding that 

duplications in LEPR and NEGR1 genes are associated with decreased BMI, waist 

circumference (WC) and the risk of abdominal obesity (OA); while duplications in 

ARHGEF4 and CPXCR1 genes, and intergenic regions 12q15c, 15q21.1a and 

22q11.21d are associated with a significant increase in BMI, WC and OA risk. On 

the other hand, deletions in the INS gene contribute to increased BMI, WC and OA 

risk. Our data suggest a possible contribution of CNVs in these regions to the 

development of obesity, especially abdominal, in Mexican children. 
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III. INTRODUCCIÓN 

 

1. Obesidad 

 

Se define a la obesidad como la acumulación anormal y excesiva de tejido adiposo 

en diversos sitios anatómicos que llevan a un aumento en el peso corporal. El 

exceso de peso corporal (sobrepeso y obesidad) es reconocido actualmente como 

uno de los retos más importantes de salud pública en el mundo, dada su 

magnitud, la rapidez de su incremento y el efecto negativo que ejerce sobre la 

salud de la población que lo padece. El sobrepeso y la obesidad incrementan 

significativamente el riesgo de padecer enfermedades crónicas no trasmisibles 

(ECNT), mortalidad prematura y el costo social de la salud. Además, afecta 

seriamente la independencia, el bienestar sicológico y en general la calidad de 

vida (Hussain and Bloom, 2011).  

 

Se estima que 90 % de los casos de diabetes tipo 2 (DT2) son atribuibles al 

sobrepeso y la obesidad. Otras ECNT relacionadas son la hipertensión arterial, las 

dislipidemias, la enfermedad coronaria, la apnea del sueño, la enfermedad 

vascular cerebral, la osteoartritis y algunos cánceres (de mama, esófago, colon, 

endometrio y riñón, entre otros). (Mitchell et al., 2011).  

 

De acuerdo con los hallazgos de la ENSANUT 2016 en la población en edad 

escolar (de 5 a 11 años de edad), la prevalencia nacional combinada de 

sobrepeso y obesidad en 2016, a partir de los criterios de la OMS, fue de 33.2 % 

(17.9 y 15.3 %, respectivamente), 1.2 % menor en comparación a la reportada en 

2012 (Gutierrez et al., 2012); sin embargo, la diferencia no fue estadísticamente 

significativa. Para las niñas, esta cifra es de 32.8 % (20.6 y 12.2 %, 

respectivamente) y para los niños es 33.7 % (15.4 y 18.3 %, respectivamente). 

Estas prevalencias en niños en edad escolar representan alrededor de cinco 

millones de niños con sobrepeso y obesidad en el ámbito nacional (Hernandez-

Avila et al., 2016).  
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1.1 Causas y consecuencias de la obesidad 

 

En su origen, se involucran factores genéticos y ambientales que determinan un 

trastorno metabólico que conduce a una excesiva acumulación de grasa corporal 

más allá del valor esperado según el género, la talla y la edad (Cole et al., 2000). 

El aumento de peso corporal es un proceso gradual que suele iniciarse en la 

infancia y la adolescencia, a partir de un desequilibrio entre la ingesta y el gasto 

energético, en el que se involucran la susceptibilidad genética y los estilos de vida 

y del entorno, con influencia de diversos determinantes subyacentes, como la 

globalización, la cultura, la condición económica, la educación, la urbanización y el 

entorno político y social. En este fenómeno juegan un papel importante tanto el 

comportamiento individual, como el entorno familiar, comunitario y el ambiente 

social (Ichihara and Yamada, 2008, Wells, 2012). 

 

Se ha definido que el peso, el índice de masa corporal (IMC), la cantidad de grasa 

subcutánea y de grasa visceral están relacionadas con la resistencia a la insulina 

(RI) y con las alteraciones en los índices de homeostasia de los niveles 

plasmáticos de glucosa-insulina, es decir, aquellos pacientes que presentan 

sobrepeso u obesidad con un exceso de grasa visceral, muestran un estado de RI 

más severo (Tchoukalova et al., 2008), además, la síntesis de diversas citocinas 

por parte del tejido adiposo contribuyen a la RI y promueven estados 

proinflamatorios, protrombóticos y prohipertensivos. El estado secretorio del tejido 

adiposo puede ser modificado por cambios en la composición celular del tejido, 

incluyendo alteraciones en el número, fenotipo y localización de células inmunes y 

vasculares. La expresión de adipocinas puede también variar dependiendo del 

sitio de depósito del tejido adiposo, los individuos con adiposidad central producen 

niveles más elevados en comparación a los que tienen la adiposidad subcutánea 

(Ouchi et al., 2011, Lumeng and Saltiel, 2011). 

 

En 1993, se identificó al factor de necrosis tumoral (TNF) como un producto 

proinflamatorio del tejido adiposo que es inducido en estados de obesidad y DT2, 
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señalando la existencia de inflamación en obesidad (Hotamisligil et al., 1993). 

Posteriormente se descubrió a la leptina como proteína secretada específicamente 

por el tejido adiposo, cuya función es regular la ingesta de alimentos y el gasto 

energético de una manera endócrina (Zhang et al., 1994). Además, la 

identificación del inhibidor del activador de plasminógeno 1, un inhibidor de la 

fibrinólisis, como una adipocina sobreexpresada en los depósitos de grasa 

visceral, sugieren la presencia de un estado protrombótico en obesidad (Cesari et 

al., 2010). Al mismo tiempo, la adiponectina fue identificada como una adipocina 

exclusiva del adipocito cuya expresión es disminuida en obesidad, es una 

hormona con efectos antidiabéticos y antiaterogénicos, debido a que regula el 

metabolismo energético del organismo, es decir, estimula la oxidación de ácidos 

grasos, reduce los triglicéridos plasmáticos y mejora el metabolismo de la glucosa, 

por otro lado, posee efectos antiinflamatorios ya que disminuye la expresión de 

TNF-α (Matsuzawa, 2010), estos hallazgos indican que la disfunción metabólica es 

debida al exceso de tejido adiposo y a un desbalance en la expresión de 

adipocinas pro y antiinflamatorias que contribuyen al desarrollo de las 

comorbilidades de la obesidad (Misra and Khurana, 2008). 

 

2. Variantes en el número de copias (CNVs) 

 

Como se ha descrito anteriormente, los factores ambientales juegan un papel 

importante en la obesidad, sin embargo, las variantes genéticas también 

contribuyen sustancialmente a su patogénesis. Numerosos estudios 

epidemiológicos han reconocido la contribución de factores genéticos a la 

susceptibilidad individual a la obesidad, y se ha efectuado un progreso sustancial 

en identificar genes de susceptibilidad y entender los mecanismos moleculares de 

la obesidad. En el genoma humano se presentan variaciones como resultado de 

los cambios en su secuencia y estructura. Las variaciones en la secuencia 

comprenden a los polimorfismos de un solo nucleótido (SNP) y a pequeñas 

inserciones y eliminaciones de unos pocos nucleótidos. La variación estructural 
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comprende las variaciones del número de copias (CNV) y aneuploidías 

cromosómicas (Feuk et al., 2006).  

 

Estas CNV incluyen eliminaciones, inserciones y duplicaciones de más de 1 kb 

hasta varios Mb, también incluyen eventos neutros de tamaño similar, sin 

ganancia o pérdida de contenido genómico, estos pueden ser inversiones de la 

secuencia, en el que un tramo de DNA se ha intercambiado entre dos puntos 

finales, o translocaciones cromosómicas equilibradas, en el que dos cromosomas 

intercambian regiones de DNA en un genoma comparado a otro, juntos 

contribuyen considerablemente a la diversidad genómica en los seres humanos, 

se calcula que al menos el 12% del genoma humano contiene CNVs (Redon et al., 

2006). Son comunes entre los individuos sanos, de hecho, dos personas serán 

diferentes en el número de copias alrededor del 0.78% de sus genomas (Conrad 

et al., 2010).  

 

Inicialmente, las CNVs fueron identificadas durante los estudios específicos de 

locus, en los cuales se analizan regiones cromosomales específicas para detectar 

anormalidades (Barber et al., 1998) o durante el análisis de las familias de genes, 

aquellas donde las secuencias de los DNA de sus miembros comparten homología 

y sus productos están funcionalmente relacionados. Se encuentran juntos en el 

cromosoma (rRNA y tRNA) o dispersos en diferentes regiones cromosómicas 

(OLR) (Trask et al., 1998). 

 

Las CNVs contenidas en un gen pueden influenciar los niveles de expresión tanto 

del RNAm como de la proteína. Además, es posible que las CNVs afecten directa 

o indirectamente la expresión de genes vecinos, por ejemplo, la eliminación de 

regiones reguladoras (como aumentadores) disminuye la expresión del gen blanco 

y la cantidad de proteína producida, por otro lado, la pérdida de regiones exónicas 

producen isoformas de la proteína (Reymond et al., 2007).  
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Recientemente se ha descrito la transcripción inducida por quimeras, en la cual los 

exones en tándem son transcritos en una sola molécula de RNAm, que parece ser 

generalizada, que afecta a más de la mitad de los loci investigados (Parra et al., 

2006). Por lo tanto, estos genes podrían tener varias regiones reguladoras 

alternativas, independientes de promotores, y con frecuencia se superponen sus 

límites con los de otros genes. Es posible que estas regiones, todavía no 

descritas, de un gen cercano a una CNV, es posible que se modifique el nivel de 

expresión de este gen (Perry, 2008, Korbel et al., 2008). 

 

2.1 Variaciones en el genoma y obesidad 

 

Los estudios de asociación del genoma completo (GWAS) han permitido la 

identificación de diversos loci asociados a obesidad y alteraciones en el índice de 

masa corporal (IMC), sin embargo, estos solo explican alrededor del 10% de la 

variabilidad fenotípica observada en la obesidad, sugiriendo que otras formas de 

variación en el DNA pueden explicar el resto de la heredabilidad. (Bauer et al., 

2009, Speliotes et al., 2010). Recientemente en un metanálisis se identificaron 97 

loci en el que se proporciona evidencia de genes y vías particulares que afectan el 

IMC, incluyendo la plasticidad sináptica y las vías de actividad del receptor de 

glutamato que responden a los cambios en la alimentación y el ayuno (Locke et 

al., 2015).  

 

En otro extenso metanálisis sobre niños con ascendencia europea residentes de 

América del Norte, Australia y Europa, describe dos nuevos loci para obesidad 

extrema que parecen estar relacionadas con el aumento en la adiposidad en los 

primeros 18 años de vida, mostrando resultados consistentes con estudios previos 

hechos en adultos (Bradfield et al., 2012).En un estudio de todo el genoma en 

47541 niños identificaron tres loci con diferencias por grupos de edad, que no se 

habían asociado con fenotipos relacionados con adiposidad anteriormente (Felix et 

al., 2016). Sin embargo, mucho se desconoce acerca de las variaciones en el 

genoma humano y su relación con los cambios en el IMC. 
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Diversos estudios han demostrado la asociación de las CNVs con obesidad; Jeon 

et al. (2010) en una población de adultos koreanos no diabéticos, encuentran que 

las CNVs en el gen LEPR se asocian con el IMC y el porcentaje de grasa corporal, 

Willer et al. (2009) en una población con ancestría europea relaciona las CNVs en 

el gen NEGR1 con el IMC, Irvin et al. (2011), en una población de afroamericanos 

no diabéticos encuentra que las CNVs en los genes ARHGEF4 y DCK se 

relacionan con resistencia a insulina (RI), por otro lado Bae et al. (2011), en 

población koreana, identificaron varias CNVs localizadas en regiones intergénicas 

asociadas a DT2. 

 

Recientemente nuestro grupo de trabajo, en el primer estudio de CNVs en México, 

ha sugerido que tener un alto número de copias en el gen AMY1 contribuye a la 

producción de amilasa salival, lo que mejora el metabolismo de lípidos y 

carbohidratos en niños mexicanos (Mejia-Benitez et al., 2015), por lo cual es 

necesario analizar otras regiones genómicas en esta población, que permitan una 

mejor comprensión de la fisiopatología de la enfermedad. Este trabajo tuvo como 

finalidad determinar el número de CNVs en genes candidato y regiones 

intergénicas para establecer nuevos factores de riesgo en el desarrollo de la 

obesidad y comorbilidades asociadas en niños mexicanos, así como brindar un 

marcador diagnóstico y de prevención para esta enfermedad, además de evaluar 

el perfil inflamatorio de los niños como marcadores tempranos que prevenga el 

desarrollo de trastornos metabólicos más severos. 
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IV. CAPÍTULOS 

 

 

 

 

 

 

 

 

 

CAPITULO I:  

“Copy number variations in candidate genes and intergenic regions affect body mass 

index and abdominal obesity in Mexican children” 
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Introduction. Increase in body weight is a gradual process that usually begins in childhood 

and in adolescence as result of multiple interactions among environmental and genetic 

factors. This study aimed to analyze the relationship between copy number variants (CNVs) 

in five genes and four intergenic regions with obesity in Mexican children. Methods. We 

studied 1423 children aged 6–12 years old. Anthropometric measurements and blood levels 

of biochemical parameters were obtained. Identification of CNVs was performed by real-

time PCR. The effect of CNVs on obesity or body composition was assessed using 

regression models adjusted for age, gender, and family history of obesity. Results. Gains in 

copy numbers of LEPR and NEGR1 were associated with decreased body mass index 

(BMI), waist circumference (WC), and risk of abdominal obesity, whereas gain in 

ARHGEF4 and CPXCR1 and the intergenic regions 12q15c, 15q21.1a, and 22q11.21d, and 

losses in INS were associated with increased BMI and WC. Conclusion. Our results 

indicate a possible contribution of CNVs in LEPR, NEGR1, ARHGEF4, and CPXCR1 and 

the intergenic regions 12q15c, 15q21.1a, and 22q11.21d to the development of obesity, 

particularly abdominal obesity in Mexican children. 
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1. Introduction 

Excessive body weight is now recognized as an important public health problem 

worldwide. Obesity is associated with a variety of somatic and psychosocial co-morbidities 

including severe metabolic and cardiovascular complications that normally occur in 

adulthood. Obesity pathophysiologically induces a metabolically altered state in the 

majority of obese children, causing dyslipidemia, hypertension, steatosis, and impaired 

glucose metabolism [1]. In Mexico, based on the latest national health and nutrition survey 

(ENSANUT 2012), the combined prevalence of overweight and obese school-age children 

(5-11 years) was 34.4% (19.8% overweight and 14.6% obese) [2]. Increase in body weight 

is a gradual process that usually begins in childhood and adolescence as result of multiple 

interactions among environmental and genetic factors. 

In a meta-analysis conducted by a group of researchers around the world, 97 loci 

(SNPs) were identified to be associated with body mass index (BMI), a measure generally 

used to define obesity and assess adiposity. These loci account for 2.7% of the variation in 

BMI and suggest that as much as 21% of BMI variation can be accounted for by common 

genetic variation. The researchers who performed this analysis provide evidence for 

particular genes and pathways that affect BMI, including synaptic plasticity and glutamate 

receptor activity pathways responding to changes in feeding and fasting [3]. An extensive 

North American, Australian, and European collaborative genome-wide meta-analysis on 

children of European ancestry, uncovered two new obesity loci that have the strongest 

evidence for association with elevated adiposity in the first 18 years of life, which overlap 

to a large extent in children as well as in adults [4]. A recent genome-wide study in 47541 

children identified three significant loci, which have not been associated with adiposity-

related phenotypes previously [5]. However, much is unknown about the variations in the 

human genome and their relationship with the changes in BMI. 

Another type of variation in the structure of the DNA being studied is copy number 

variants (CNVs), usually defined as genomic segments of size ≥1 kb showing copy number 

variability among individuals in context of a reference genome. CNVs comprise deletions, 

duplications, insertions, and unbalanced translocations; their presence in the genome 

comprises approximately 12% of the individual variations and has an effect on gene 

expression [6]. Despite its importance, the mechanisms of CNV formation and the risk 
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factors involved are poorly understood. As are all mutations, CNVs are heritable and there 

is a risk of formation of new and deleterious CNVs because of exposure to environmental 

mutagens that interfere with DNA synthesis and genetic predisposition. At least two 

distinct pathways are known to be involved in the formation of CNVs-associated diseases: 

unequal meiotic recombination and replication errors. In particular, CNVs associated with 

diseases of polygenic origin such as autism [7], metabolic syndrome, obesity [8] and type 2 

diabetes (T2D) [9] among others, have been identified. 

Association studies of CNVs with obesity often involving extreme obesity 

phenotypes with or without syndromic features have identified candidate regions near the 

NEGR1 locus and chromosome 10q11.22 [10], as well as on chromosomes 11q11 [11] and 

10q26.3 [12] among others. A region within chromosome 16p11.2 is particularly well 

studied, deletions of which are associated with obesity and duplications are associated with 

an underweight phenotype [13]. Recently, our group analyzed AMY1 in Mexican children, 

and the results showed a high copy number of the gene only in children with normal 

weight. This gene produces salivary amylase and results in improved lipid and 

carbohydrate metabolism. These variations might contribute to improved carbohydrate 

metabolism, particularly in the Mexican diet where carbohydrate-rich meals are consumed 

[14]. Therefore, it is necessary to study the other genes involved in the pathophysiology of 

obesity in children. The purpose of this study was to evaluate the association between 

CNVs in specific regions of LEPR, NEGR1, ARHGEF4, CPXCR1, and INS, and in four 

intergenic regions (1p36.33b, 12q15c, 15q21.1a, and 22q11.21d), and obesity in Mexican 

children. The studied regions were selected considering loci that were reported or tended to 

be associated with obesity, especially for those obesity-related alleles reported more than 

once or those that might affect the genes involved in obesity or related metabolic diseases. 

 

2. Materials and Methods 

2.1. Study participants. We studied 1423 Mexican children aged 6–12 years old, who were 

residents of Mexico City, not genetically related, did not have any chronic or infectious 

diseases at the time of the study, and were not under medical treatment. The program 

moderators provided a detailed explanation of the nature and purpose of the study to 

participants. The children who agreed to participate in the study, their parents, or legal 
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representatives provided an informed consent. The study protocol was approved by the 

National Committee and the Ethics Committee of the Mexican Social Security Institute 

(IMSS) and was conducted in compliance with the Declaration of Helsinki. For each of the 

participants, anthropometric indicators were determined and questionnaires for family 

history of metabolic diseases such as obesity and type 2 diabetes were filled out. Weight 

was measured on a digital scale (Seca, Hamburg, Germany), height was measured with a 

portable stadiometer (Seca 213, Hamburg, Germany), and waist circumference (WC) was 

measured just above the uppermost lateral border of the right ilium, at the end of a normal 

expiration with an anthropometric tape (Seca 201, Hamburg, Germany). Blood samples 

were obtained after 8 hours of fasting for biochemical measurements and DNA extraction. 

 

2.2. Classification of body mass index and abdominal obesity. BMI was calculated and 

classified based on the reference tables for ages 2–20 years provided by the Center for 

Disease Control and Prevention, 2000 [15]. Normal weight was defined as a BMI-for-age 

below the 85th percentile, overweight as 85th to 95th percentiles, whereas obesity was 

defined as a BMI-for-age above the 95th percentile. Abdominal obesity was defined using 

reference tables for Mexican-American children when WC was greater than the 75th 

percentile according to age and gender [16]. 

 

2.3. Biochemical measurements. Blood samples were obtained to determine the levels of 

serum glucose, total cholesterol, triglycerides, LDL-cholesterol, and HDL-cholesterol, 

using standard methods for the clinical chemistry system ILab 350 (Instrumentation 

Laboratory SpA, Spain). Adiponectin and leptin concentrations were measured by ELISA 

(R&D Systems, Minneapolis, MN, USA). Insulin levels were measured using a 

chemiluminescence method (Inmunolite, France). Insulin resistance was determined with 

the homeostasis model for insulin resistance (HOMA-IR): [(fasting glucose, mg/dL*Insulin 

μU/ml)/405] with a value ≥ 3.3, which corresponds to the 90th percentile of the HOMA-IR 

index. 

 

2.4. DNA extraction and CNV analysis. Genomic DNA extraction from peripheral blood 

was performed using columns with a silica membrane (QIAamp DNA Blood Midi / Kit, 
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Qiagen, Germany). To determine the CNVs of genes or intergenic regions, we performed 

real-time PCR with a specific TaqMan assay and the RNase P human TaqMan copy 

number reference [17-25] (Table 1). We selected genes that had been associated with 

obesity-related phenotypes before, in these we selected regions that are reported in the 

database of genomic variations (DGV). These regions were used as an approximation of the 

copy number in the whole gene. The PCR reaction was performed in the 7900HT Fast 

Real-Time System (Applied Biosystems, Foster City, CA, USA); as quality control, all 

samples were analyzed in duplicate. Results were analyzed by the CopyCaller Software 

v.2.0 (Applied Biosystems, Foster City, CA, USA) to measure the relative copy number of 

each genome segment in each sample. 

 

2.5. Statistical Analysis. We described the sociodemographic and clinical characteristics 

and the risk factors, expressed in frequencies for qualitative variables and in medians and 

interquartile range for quantitative variables. For comparison of frequency or medians 

between groups, the chi square test or Kruskal Wallis test were used, respectively. To 

determine the association of BMI, WC, or insulin serum levels with the CNVs studied, 

ANOVA, correlation analysis, and linear regression models were evaluated, considering an 

alpha of 0.02 after correction by Bonferroni’s method. To define the risk of abdominal 

obesity, logistic regression models were evaluated. Statistical analysis was performed using 

STATA software v.11.2. 

 

3. Results 

Based on the percentiles of BMI according to age and gender, all the children were 

classified into three groups: normal weight, overweight, and obese. The prevalence of 

normal weight was 50.5%, whereas, 21.6% were overweight and 27.9% present were 

obese. The increase in body weight correlated with low levels of HDL-cholesterol and 

adiponectin and increased WC and blood pressure were associated with increased levels of 

glucose, triglycerides, total cholesterol, LDL-cholesterol, leptin, and insulin, compared with 

these in normal-weight children. In addition, children with obesity more frequently 

presented abdominal obesity, Acanthosis nigricans, insulin resistance (IR), and a history of 

parents or relatives with T2D and/or obesity (Table 2). 
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 We found a negative correlation between BMI and adiponectin levels, as well as 

between adiponectin and leptin, and adiponectin and insulin, and a positive correlation 

between BMI with leptin and insulin levels, as well as between the levels of leptin and 

insulin (Table 3). 

The analysis of CNVs in six regions corresponded to five genes previously 

associated with obesity: LEPR (intron 2 and intron 3), NEGR1, ARHGEF4, CPXCR1, and 

INS, and four intergenic regions (1p36.33b, 12q15c, 15q21.1a, and 22q11.21d). For all 

these CNVs, children more frequently presented 2 copies. We classified the CNVs in three 

categories: loss (0 or 1 copies), reference group (2 copies), and gain (3 or more copies). We 

found significant differences in CNV frequency between children with obesity compared 

with that in normal weight children for 3 of the 6 intragenic regions and 3 of the 4 

intergenic regions tested. For ARHGEF4, we found that children with obesity more 

frequently showed gains (22.6%) as also observed for CPXCR1 (49.2%), whereas for INS, 

losses occurred most frequently in obese children (25.7%). Regarding intergenic regions, it 

was found that in children with obesity, gains occurred more frequently at the positions 

12q15c (43.5%), 15q21.1a (37.9%), and 22q11.21d (38.1%) compared with those in 

children of normal weight (Figure 1, Table S1). Furthermore, the relationship between 

serum insulin levels and insulin resistance with CNV was assessed in INS. Insulin levels 

and HOMA-IR index were not significantly different from each other in the three types of 

CNVs (Figure 2). No significant associations were found between serum levels of total 

cholesterol, HDL-c, or LDL-c with the CNVs in the genes or intergenic regions analyzed. 

We observed that children with gains in intron 3 of LEPR showed a decrease in 

WC, as well as in the case of NEGR1, which correlates with a significant decrease in BMI 

and WC. On the other hand, children with gains in CPXCR1 and ARHGEF4 showed a 

significant increase in BMI. In the case of INS, it was observed that children with losses 

had a significantly greater BMI and WC. Analysis of the intergenic regions showed that the 

gain in the 12q15c region was associated with increased BMI, the 15q21.1a region with an 

increase in WC, and the 22q11.21d region with increased BMI and WC (Table 4). Children 

with gains in NEGR1, had a 24% lower risk of abdominal obesity (OR = 0.76; 95%CI: 

0.59-0.97), whereas children with gains in ARHGEF4 and CPXCR1, and losses in INS 

presented 1.35 (p = 0.025), 1.57 (p < 0.001), and 1.63 (p < 0.001) times higher risk of 
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abdominal obesity, respectively, compared with that in children with low copy numbers (0-

2). We also observed an association between abdominal obesity with the copy number of 

intergenic regions: 12q15c (OR = 1.40; 95%CI: 1.13-1.86), 15q21.1a (OR = 1.43; 95%CI: 

1.10-1.81), and 22q11.21d (OR = 1.42; 95%CI: 1.14-1.81) (Figure 3). 

 

4. Discussion 

Genetic association studies are useful for understanding the pathogenesis of polygenic 

diseases such as obesity, allowing us to study the simultaneous participation of several 

genes and genetic variants [26]. Although at least 97 loci are associated with the risk of 

obesity, many of the identified genes are not known to have any role in the biology of the 

disease under study and include described associations with genomic regions whose 

functions are yet unknown. Currently, the participation of CNVs has been proposed to play 

a role in disease development and progression [3]. 

Our data show that circulating adiponectin was decreased in obese children with a 

strongly negative correlation between serum adiponectin and BMI, whereas serum leptin 

was increased by 3-fold in these children. Leptin resistance appears to be a mechanism 

contributing to the burden of obesity that extends across multiple organs. Leptin is involved 

in food intake, body weight, energy expenditure, and neuroendocrine functions. It has also 

been associated with the percentage of visceral and body fat, BMI, hip circumference, and 

glucose levels. Several studies have reported that mutations in the genes encoding leptin 

(LEP) and its receptor (LEPR) have been associated with hyperphagia and morbid obesity 

[27, 28]. Jeon et al. show that higher copy numbers of the LEPR exon 2 may contribute to 

higher transcriptional activity of LEPROT by a gene dosage effect, which may be 

accordingly responsible for LEPR downregulation in T2D patients. In our study, we did not 

determine whether the presence of CNVs in introns 2 and 3 of LEPR affect its expression; 

we only observed a difference in the copy number in these regions, suggesting that the 

region of intron 2 is more resistant to the formation of new CNVs by the proposed 

mechanisms (the unequal meiotic recombination and replication errors) [29]. Although we 

suggest that the regulatory regions refer to those that may be contained within the studied 

intergenic regions and may affect the expression of nearby genes, this does not specifically 

refer to the LEPR gene. 
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In this study, we found significant differences in the copy numbers among children 

with obesity compared to those in normal weight children for LEPR, NEGR1 

ARHGEF4, CPXCR1, and INS and four intergenic regions previously associated with obese 

children. Additional significant associations with other obesity-related features such as 

waist circumference and abdominal obesity consistent with the associations with BMI were 

also found. Jeon et al., in an analysis of adult Koreans, found that CNVs located in the 

region of exon 2 of LEPR contribute to deregulation of LEPR, interrupting its signal, and 

resulting in an association with increased body weight [29]. We found that the CNVs in 

intron 2 have no relation with BMI or WC, whereas the CNVs in intron 3 contribute to 

decreased WC, which could influence gene expression depending on the region where it is 

located. 

Furthermore, NEGR1 located on chromosome 1p31.1, encodes a protein of the 

immunoglobulin family with widespread expression in the hypothalamus, hippocampus, 

and cerebellum, and is involved in the differentiation and maturation of neurons and 

adipocytes [30]. Variations in this gene have been associated with obesity and insulin 

resistance [31]. Further, Willer et al., found that an elimination of 45 kb, which removed 

the conserved elements upstream of this gene, is associated with increased BMI and 

delayed development [32]. In our study, an increase in the copy number of this gene was 

associated with decreased BMI (0.67 kg/m2) and WC (2.01 cm); on the other hand, it 

reduced the risk of abdominal obesity (OR=0.76). 

ARHGEF4 is located in 2q21.1c and encodes a guanine nucleotide exchanger 

involved in the signaling by the proteins Rac and Rho, which are involved in several 

metabolic processes [33]. The CNVs of this gene are associated with delayed development 

and neural alterations [34], as well as resistance to insulin [35]. We found that an increase 

in the CNVs of this gene was associated with increased risk of abdominal obesity 

(OR=1.35). 

CPXCR1 is located in Xq21.3, and this region has been associated with the 

development of cleft lip and cleft palate [36], though the mechanism by which this disease 

develops has not been defined. In terms of CNVs, Rocca et al. found that this region is 

associated with the phenotypes of the Klinefelter syndrome (KS) [37], which has a wide 

range of phenotypes. The common characteristics include small testes and infertility, but 
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KS subjects are at increased risk of hypogonadism, cognitive dysfunction, obesity, T2D, 

osteoporosis, and autoimmune disorders [38]. We found that this region contributed to the 

risk of developing abdominal obesity (OR = 1.57), and increased WC (2.10 cm) and BMI 

(0.71 kg/m2). 

INS is located in 11p15.5 and encodes preinsulin that when processed in 

proteasomes becomes the active form of insulin and maintains glucose and lipid 

homeostasis. Polymorphisms in this gene have been associated with the development of 

MODY diabetes [39], whereas the C109Y mutation is associated with the development of 

neonatal diabetes [40]. In this study, we found that losses in this gene increased the risk of 

abdominal obesity (OR = 1.63) and were associated with an increase in BMI (0.77 kg/m2) 

and WC (2.20 cm). However, these losses were not associated with serum insulin levels, 

suggesting that these variations may influence protein functionality but not its expression. 

In relation to variations in the intergenic regions, little is known about their 

biological role in the genome. However, it is possible that these regions contain regulatory 

elements such as enhancers and repressors that modify the expression of nearby genes. The 

CNVs may exert their effects on the causative gene whose distance can be as far as 1 Mb 

away [41]. The regions studied are close to MDM2 (12q15), LIPC (15q21.1), and MAPK1 

(22q11.21). MDM2 encodes an ubiquitin ligase, which marks tumor suppressor proteins 

such as p53 for proteasomal degradation; its overexpression has been associated with 

increased susceptibility to tumor formation [42]. LIPC encodes a hepatic lipase with 

hydrolase activity for triglycerides and variants of this gene have been implicated in 

increased risk of cardiovascular disease [43] and T2D [44]. MAPK1 (also called p38-

MAPK) is a member of the serine/threonine kinase, which acts as an essential component 

of the MAP kinase signal transduction pathway. Depending on the cellular context, the 

MAPK/ERK cascade mediates diverse biological functions such as cell growth, adhesion, 

survival, and differentiation through regulation of transcription, translation, and 

cytoskeletal rearrangements [45]. Involvement of p38-MAPK has been shown in 

adipogenesis and hyperglycemia in cell lines, whereas in animal models with a high-fat 

diet, it has been associated with the development of obesity, hyperglycemia, glucose 

intolerance, and insulin intolerance [46]. 
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Bae et al, found three new regions with CNVs (chr15:45994758–45999227, 

chr22:20722473–21702142, and chr18:3559620–3561217) that were significantly 

associated with the risk of T2D, particularly, the 15q21.1 region of chr15:45994758–

45999227 [9]. We found a significant association between the gain in the copy number in 

intergenic regions with abdominal obesity and increasing BMI. Our results suggest that the 

effect of CNVs depends on their location within the genome, which could modify the 

translation and transcription levels of nearby genes. Thus, CNVs would result in 

compromised metabolic pathways related to nutrient absorption, leading to the 

development of obesity in childhood. Experimental studies are needed to confirm or refute 

this hypothesis. 

In this study, 1423 children were included, which allowed the detection of low 

frequency CNVs, thus strengthening the impact of the study. However, there were a few 

limitations as well. We only demonstrated the presence of CNVs related to obesity in 

Mexican children; however, the pathogenic mechanisms by which these CNVs can 

influence the development of obesity are yet to be determined. The associations observed 

between CNVs and obesity are specific to our population, and so the knowledge of their 

genetic structure is of fundamental importance in characterizing the associated genetic 

variants in greater detail. It should be considered that the frequencies of these genetic 

variants differ from those in the population where they were originally identified. However, 

it is necessary to establish suitable designs that take into account the appropriate inclusion 

criteria for cases and controls, homogeneity, and appropriate sample size based on the 

prevalence of obesity. Finally, it is necessary to repeat this study in other populations to 

validate our findings. 

 

5. Conclusions 

Our study provides evidence of regions with copy number variations related to obesity, 

principally abdominal obesity, as well as its effect on BMI in Mexican children, which are 

important genetic markers. It is important to continue searching for these variations and 

determine their pathogenic mechanisms to prevent and control obesity, and to consider the 

genetic differences due to population ancestry. 
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TABLE 1: Copy number variants selected in five genes and four intergenic regions 

Assay ID DGV Chromosome position Gene Location Reference 

Hs06530590_cn esv3586400 Chr1: 72516113 - 72546537 NEGR1 Intron 1 [17] 

Hs06585085_cn nsv830081 Chr1: 65886080 - 66062800 LEPR Intron 2 [18] 

Hs06571926_cn nsv823109 Chr1: 65923256 - 66024320 LEPR Intron 3 [19] 

Hs02877230_cn dgv4075n100 Chr2: 131477948 - 132279313 ARHGEF4 Exon 1 [18] 

Hs02728909_cn nsv515219 ChrX: 87893400 - 88151600 CPXCR1 Exon 1 [20] 

Hs01116764_cn dgv1566n54 Chr11: 2176852 - 2181266 INS Exon 2 [21] 

Hs03336984_cn nsv471522 Chr1: 522139 - 756783 Intergenic 1p36.33b [22] 

Hs06941897_cn nsv821005 Chr12: 69819095 - 69819779 Intergenic 12q15c [23] 

Hs05382010_cn esv3892684 Chr15: 45659188 - 46372824 Intergenic 15q21.1a [24] 

Hs04082205_cn nsv834135 Chr22: 20724378 - 20845563 Intergenic 22q11.21d [25] 

DGV: Database of genomic variants. Assay ID: https://www.thermofisher.com/mx/es/home/brands/applied-

biosystems.html. 
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TABLE 2: Anthropometric and clinical characteristics of participating children in the study 

Factor 
Normal weight 

719 (50.5%) 

Overweight 

308 (21.6%) 

Obese 

396 (27.9%) 
p 

Gender n (%) 

        Male 

        Female 

 

378 (52.6) 

341 (47.4) 

 

144 (46.8) 

164 (53.3) 

 

221 (55.8) 

175 (44.2) 

 

0.107a 

Age (years) 9 (7-11) 9 (8-11) 9 (8-11) 0.066b 

BMI (kg/m2) 16.4 (15.2-17.9) 20.3 (18.8-21.7) 24.1 (22-26.8) <0.001b 

Waist circumference (cm) 57.6 (53.7-62.9) 68.1 (62.8-73.9) 78 (72.2-86.2) <0.001b 

Abdominal obesity, n (%) 

          No 

          Yes 

 

694 (96.5) 

35 (3.5) 

 

191 (62) 

117 (38) 

 

31 (7.8) 

365 (92.2) 

 

<0.001a 

SBP (mmHg) 95 (90-100) 100 (90-105) 100.5 (95-110) <0.001b 

DBP (mmHg) 65 (60-70) 69 (60-70) 70 (60-73) <0.001b 

Glucose (mg/dl) 81 (75-87) 82 (77-88) 83 (77-89) 0.007b 

Cholesterol (mg/dl) 152 (132-175) 158 (137.5-177) 157.5 (136-181.5) 0.008b 

HDL-c (mg/dl) 54 (45-61) 49.5 (41-57.5) 43 (37-52) <0.001b 

LDL-c (mg/dl) 96 (82-114) 104.5 (88-120) 105.5 (89.5-122) <0.001b 

Triglycerides (mg/dl) 70 (55-90) 87.5 (66.5-119.5) 103 (76-147.5) <0.001b 

Adiponectin (μg/ml) 14.5 (12.5-16.4) 14.1 (12.3-16.5) 13.6 (11.8-16.0) 0.009b 

Leptin (ng/ml) 10.2 (5.8-17.4) 22.4 (14.8-29.5) 30.9 (22.6-38.4) <0.001b 

Insulin (μU/ml) 4.6 (2.6-7.4) 7.4 (4.3-11) 9.7 (4.8-16.2) <0.001b 

HOMA-IR, n (%) 

< percentile 90 

≥ percentile 90 

 

703 (97.7) 

16 (2.3) 

 

289 (93.8) 

19 (6.2) 

 

284 (71.7) 

112 (28.3) 

 

<0.001a 

Acanthosis, n (%) 

          No 

          Yes 

 

642 (89.3) 

77 (10.7) 

 

225 (73.1) 

83 (26.9) 

 

148 (37.4) 

248 (62.6) 

 

<0.001a 

T2D family history, n (%) 

          No 

          Yes 

 

655 (91.1) 

64 (8.9) 

 

268 (87) 

40 (13) 

 

340 (85.9) 

56 (14.1) 

 

0.017a 

Obesity family history, n (%) 

         No 

         Yes 

 

390 (54.2) 

329 (45.8) 

 

139 (45.1) 

169 (54.9) 

 

137 (34.6) 

259 (65.4) 

 

<0.001a 

Data are reported as medians (25th-75th) or as noted in table. a Chi-square test; b Kruskall Wallis test. BMI: Body mass 

index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HDL-c: High density lipoprotein-cholesterol, LDL-c: 

Low density lipoprotein-cholesterol, HOMA-IR: Homeostatic model assessment-insulin resistance, T2D: Type 2-diabetes. 
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TABLE 3: Correlation between serum levels of adiponectin, leptin and insulin with BMI. 

Factors r p 

BMI/Adiponectin -0.1287 <0.001 

BMI/Leptin 0.7112 <0.001 

BMI/Insulin 0.4693 <0.001 

Adiponectin/Leptin -0.0803 0.007 

Adiponectin/Insulin -0.1064 <0.001 

Leptin/Insulin 0.4145 <0.001 

r: Spearman correlation coefficient. BMI: Body mass index. 
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TABLE 4: Effect of copy number in genes and intergenic regions on body mass index and waist 

circumference 

 Factor Type β (95% CI)a P 

Gene     

LEPR (Intron 2) BMI 

WC 

Gain -0.26 (-1.51; 0.98) 

-1.37 (-4.64; 1.91) 

0.677 

0.413 

LEPR (Intron 3) BMI 

WC 

Gain -0.50 (-1.01; 0.02) 

-1.85 (-3.21; -0.49) 

0.057 

0.008 

NEGR1 
BMI 

WC 

Gain -0.64 (-1.10; -0.19) 

-2.03 (-3.24; -0.83) 

0.006 

0.001 

ARHGEF4 BMI 

WC 

Gain 0.63 (0.11; 1.15) 

1.45 (0.09; 2.81) 

0.017 

0.037 

CPCXR1 BMI 

WC 

Gain 0.66 (0.21; 1.11) 

2.10 (0.89; 3.30) 

0.004 

0.001 

INS BMI 

WC 

Loss 0.77 (0.30;1.25) 

2.20 (0.94;3.45) 

0.002 

0.001 

      Intergenic regions 

1p36.33b BMI 

WC 

Gain 0.06 (-0.46; 0.57) 

-0.13 (-1.47; 1.21) 

0.829 

0.852 

12q15c BMI 

WC 

Gain 0.88 (0.36; 1.41) 

2.04 (0.65; 3.43) 

0.001 

0.004 

15q21.1a BMI 

WC 

Gain 0.67 (0.20; 1.14) 

1.98 (0.75; 3.21) 

0.005 

0.002 

22q11.21d BMI 

WC 

Gain 1.09 (0.59; 1.59) 

2.61 (1.29; 3.92) 

<0.0001 

<0.0001 

aLinear regression models adjusted for age, gender and family history of obesity. Children with 2 copies were 

chosen as the reference group. BMI: Body mass index, WC: Waist circumference. 
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FIGURE 1:  Frequency of copy number in studied regions by BMI group. The p value was 

calculated using the χ2 test (Table S1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CNVs y obesidad infantil 

33 
 

 

FIGURE 2: Relationship between insulin levels and insulin resistance with CNVs in the INS gene. 

Variance analysis (ANOVA) was performed to determine the relationship between levels of insulin 

or HOMA-IR index and CNVs. Pair comparisons by test of Bonferroni. 
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FIGURE 3: Association between the CNVs and abdominal obesity in Mexican children. The forest 

plot shows the results of the logistic regression models adjusted for age and gender, for the 

ARHGEF4, NEGR1 and CPXCR1 and intergenic regions the reference group was defined as 

individuals with loss copy number (0-2) and compared with the group with the highest copy number 

(≥3), while for the INS the reference group was of children with the highest copy number (≥2) and 

compared with the group with loos copy number (0-1). 
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Se determinaron las CNVs en los genes DCK, TCF7L2, PNPLA4, ZNF718, 

SH2B1, LEP, ADIPOQ e IL10, sin embargo, no se encontraron diferencias 

significativas entre los grupos (Cuadro V). 

 

Cuadro V. Genes no relacionados con obesidad infantil 

Gen Región Tipo Normopeso 

719 (50.53%) 

Sobrepeso 

308 (21.64%) 

Obesidad 

396 (27.83%) 

P 

DCK  Exón 1 Pérdida 

2 copias 

Ganancia 

155 (21.6) 

277 (38.6) 

286 (39.8) 

69 (22.4) 

122 (39.6) 

117 (38.0) 

85 (21.5) 

151 (38.2) 

159 (40.3) 

0.980 

TCF7L2 Exón 1 

  

Pérdida 

2 copias 

Ganancia 

304 (42.4) 

234 (32.6) 

179 (25) 

138 (45) 

91 (29.6) 

78 (25.4) 

165 (42.7) 

121 (31.4) 

100 (25.9) 

0.902 

PNPLA4  Exón 8 Pérdida 

2 copias 

Ganancia 

361 (50.3) 

132 (18.4) 

225 (31.3) 

158 (51.3) 

44 (14.3) 

106 (34.4) 

200 (50.5) 

77 (19.4) 

119 (30.1) 

0.405 

ZNF718 ND Pérdida 

2 copias 

Ganancia 

258 (35.9) 

285 (39.6) 

176 (24.5) 

110 (35.7) 

114 (37.1) 

84 (27.3) 

154 (38.9) 

140 (35.4) 

102 (25.8) 

0.604 

SH2B1 Exón 2 Pérdida 

2 copias 

Ganancia 

107 (14.9) 

526 (73.5) 

83 811.6) 

55 (18) 

221 (72.2) 

30 (9.8) 

73 (18.9) 

267 (69) 

47 (12.1) 

0.366 

LEP Exón 3 Pérdida 

2 copias 

Ganancia 

51 (7.1) 

624 (86.8) 

44 (6.1) 

20 (6.5) 

270 (87.7) 

18 (5.8) 

39 (9.9) 

331 (83.5) 

26 (6.6) 

0.425 

ADIPOQ Intrón 2 Pérdida 

2 copias 

Ganancia 

160 (22.3) 

343 (47.7) 

216 (30) 

82 (26.6) 

148 (48.1) 

78 (25.3) 

94 (23.7) 

190 (48) 

112 (28.3) 

0.486 

IL10 Exón 3 Pérdida 

2 copias 

Ganancia 

93 (13) 

551 (76.7) 

74 (10.3) 

38 (12.5) 

241 (79) 

26 (8.5) 

54 (13.9) 

300 (77.1) 

35 (9) 

0.857 

The data indicate n(%), the p value was calculated using χ2 test. 

 

Por otro lado se realizó la determinación de los niveles séricos de IL-6 e IL-10, 

(Cuadro VI), se observa que los niños con sobrepeso y obesidad presentan una 
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disminución en los valores de IL-10, mientras que en los niveles de IL-6 no hay 

diferencias significativas. 

 

Cuadro VI. Niveles séricos de IL-6 e IL-10 

Factor Normopeso Sobrepeso Obesidad P* 

IL-6 (pg/ml) 21.9 (6.8-102.4) 22.5 (6.3-98.5) 20.8 (7.5-73.5) 0.6812 

IL-10 (pg/ml) 91.8 (14.4-469.7) 89.3 (13.9-461.5) 57.9 (2.4-314.8) 0.0367 

Los datos indican mediana (p25-p75).*Prueba de Kruskall-Wallis 

 

Se evaluaron modelos de regresión lineal para determinar el efecto del incremento 

en el IMC sobre los niveles séricos de distintos biomarcadores de inflamación. En 

el cuadro VII se muestra una disminución significativa de los niveles séricos de 

adiponectina, en 0.14 μg/ml por cada kg/m2 de incremento en el IMC, con un 

incremento en los niveles de insulina (0.85μU/ml por cada kg/m2) y de leptina 

(2.23ng/ml por cada kg/m2). También, al evaluar modelos de regresión lineal para 

determinar la relación entre el número de copias con los niveles séricos de IL-10, 

adiponectina, leptina e insulina, no encontramos  asociaciones significativas 

(cuadro VIII). 

 

Cuadro VII. Efecto del IMC sobre los niveles séricos de IL-6, IL-10, adiponectina, 

leptina e insulina 

Factor β (IC95%)* P 

IL-6 (pg/ml) -1.92 (-3.97; 0.14) 0.067 

IL-10 (pg/ml) -6.63 (-22.74;9.48) 0.420 

Adiponectina (μg/ml) -0.11 (-0.13;0.03) 0.001 

Leptina (ng/ml) 2.23 (2.11;2.36) <0.001 

Insulina (μU/ml) 0.85 (0.76-0.94) <0.001 
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*Modelos de regresión lineal ajustados por edad y género 

 

Cuadro VIII. Relación entre el número de copias con los niveles séricos de IL-10, 

adiponectina, leptina e insulina 

Factor β (IC95%)* P 

IL-10 (pg/ml) -49.96 (-148.1;28.2) 0.318 

Adiponectina (μg/ml) -0.14 (-0.32;0.04) 0.135 

Leptina (ng/ml) -0.61 (-1.80; 0.58) 0.313 

Insulina (μU/ml) -0.12 (-0.33;0.10) 0.288 

*Modelos de regresión lineal ajustados por edad y género 
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CAPITULO III: “VARIACIONES DE NÚMERO DE COPIAS: MARCADORES Y 

PREDICTORES DE DIABETES TIPO 2” 
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V. DISCUSIÓN 

 

En los últimos años se han publicado múltiples trabajos que demuestran el papel 

de los genes y su relación con la obesidad (Locke et al., 2015, Felix et al., 2016), 

los estudios se han enfocado a conocer los factores que contribuyen a la 

diversidad genética entre individuos, así mismo se ha demostrado la importancia 

de estas variantes y su contribución a la susceptibilidad al desarrollo de esta 

enfermedad (Bauer et al., 2009, Thorleifsson et al., 2009, Zhao et al., 2009, 

Speliotes et al., 2010). Actualmente se conoce que aproximadamente el 12% del 

genoma contiene CNVs y que estas pueden afectar la expresión de genes 

cercanos y de esta manera provocar cambios fenotípicos importantes (Redon et 

al., 2006), sin embargo poco se sabe acerca de la presencia de CNVs en el 

genoma de la población mexicana.  

En nuestro trabajo analizamos cinco genes y cuatro regiones intergénicas que 

contribuyen al riesgo de obesidad, encontramos que las duplicaciones en los 

genes LEPR y NEGR1 se asocian con la disminución del IMC, de la circunferencia 

de cintura (CC) y el riesgo de obesidad abdominal (OA); mientras que las 

duplicaciones del gen ARHGEF4, CPXCR1 y las regiones intergénicas 12q15c, 

15q21.1a y 22q11.21d se relacionan con un aumento significativo en el IMC, CC y 

del riesgo a OA. Por otro lado, las eliminaciones en el gen INS contribuyen al 

aumento del IMC, de la CC y del riesgo a OA. Estos genes parecen tener una 

función importante en la maduración de los adipocitos, por lo cual pueden estar 

directamente relacionados con la acumulación de tejido adiposo, lo que contribuye 

al desarrollo de la obesidad, sin embargo esta función aún no está bien 

caracterizada por lo cual se requiere de estudios adicionales que demuestren el 

papel que desempeñan estos genes, proteínas y vías que están afectadas por la 

formación de las CNV y la comprensión de sus mecanismos de acción, para una 

mejor comprensión, predicción y manejo de esta enfermedad. 

Diversos estudios han demostrado que en la obesidad existe un estado de 

inflamación crónica debido a cambios en la composición celular del tejido adiposo, 
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incluyendo alteraciones en el número, fenotipo y localización de células inmunes y 

vasculares (Lumeng and Saltiel, 2011, Ouchi et al., 2011). La medición de 

citocinas proinflamatorias y antiinflamatorias en niños obesos ha demostrado que 

niveles elevados de leptina e IL-6, así como la disminución en los niveles de 

adiponectina, pueden estar relacionados con disfunción endotelial (Mi et al., 2010, 

Mirza et al., 2011). Nosotros encontramos que los niveles séricos de leptina e 

insulina están incrementados tanto en los niños con sobrepeso como en los 

obesos, además estos tienen niveles disminuidos de adiponectina en comparación 

con los niños con peso normal. La resistencia a insulina fue mayor en los niños 

con sobrepeso y obesidad que en los individuos con peso normal.  

En el análisis de regresión lineal observamos que existe una relación positiva 

entre el incremento en el IMC con los niveles séricos de insulina y leptina, y una 

relación negativa con los niveles de adiponectina, resultados similares a los 

obtenidos por Chang et al., en niños taiwaneses (Chang et al., 2015) y por Boodai 

et al., en niños de Kuwait (Boodai et al., 2014). El conjunto de estos resultados 

sugiere que el aumento en el peso corporal se relaciona con la hipertrofia del 

tejido adiposo, lo que lleva a la sobreproducción de marcadores proinflamatorios 

que pueden funcionar como predictores tempranos para el desarrollo de la 

obesidad y comorbilidades asociadas como resistencia a insulina. 
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