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RESUMEN

La mineria es un sector estratégico para el desarrollo de los paises, a lo largo de los
afos se han explotado la extraccion de carb6n en muchos lugares, en Colombia el
carbon es el segundo producto mas importante en exportacion; sin embargo, son
muchas las consecuencias que esto trae consigo, multiples enfermedades, dafios
al medio ambiente como la perdida de suelos, ecosistemas deteriorados e incluso
la sociedad también se ve afectada por el mal manejo de esta actividad.

En el minero de carbon, o personas que tenga contacto directo o indirecto con el
carbon, la inhalacion del polvo de estas minas puede tener consecuencias como el
bloqueo de la entrada y salida de aire de los pulmones generando enfermedades
respiratorias como el enfisema, la bronquitis cronica entre otras; asi mismo se ha
logrado evidenciar a lo largo de los afios que existe una relacion de las alteraciones
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genéticas asociadas a componentes del carbon producidos por la mineria, que
lleven al desarrollo de distintas patologias, dependiendo de la mutacibn como por
ejemplo el gen ATG5 con el polimorfismo rs51043 asociado a la neumoconiosis, y
un sinfin de patologias que afectan otros sistemas, no solo el respiratorio, sino
también, cardiovascular, cutaneo, entre otros.

La Organizacion Mundial de la Salud he descrito la relacion que tiene la
contaminacion de los aires con la aparicion de ciertas enfermedades que han puesto
en riesgo la salud humana, y que de forma prolongada la exposicion a el aire
contaminado por carbdén puede ocasionar incluso la muerte.

Antecedentes: Anterior a la realizacion de la revision bibliografia, se llevd a cabo
un trabajo basado en el mismo tema que fue estudiado.

Dicho trabajo fue llevado a cabo en la zona de La Loma, Cesar, este, buscaba saber
cudles eran los dafios a nivel genémico dados por la exposicién a la mineria de
carbdn y la polucion de esta en el medio ambiente de poblaciones contiguas, se
estudié a un grupo de aproximadamente 150 personas. Dicho trabajo no se pudo
ser finalizado debido a la pandemia por COVID-19 del en el afio 2020.

Objetivos: Describir los principales polimorfismos causados a personas expuestas
a los residuos de las minas de carbon.

Materiales y Métodos: Se llevo a cabo una revision de material bibliografico en
distintas revistas y estudios cientificos.

Se usaron bases de datos como PubMed y otras revistas y entidades de busqueda
(SciELO), realizando la busqueda de las palabras en inglés y espafiol. Ya dentro de
las nombradas se usaban distintas ecuaciones de busqueda como el “AND” “OR” “,”
para asi tener una mejor eleccion del material a revisar.

Las palabras usadas para la busqueda fueron: carbon, genotoxicidad, polucién,
dafio genético, genes, mutaciones.

Resultados:
Tabla 1

AGENTS MAIN DISEASE | OCCUPATION ~ CITES

Asma 1,3,4,5
Carbén, polen, mohos vy Manipuladores  de  adhesivos
humo de tabaco. Panaderos, productores de leche,
fabricantes de alfombras, pintores.

Silice Silicosis 6,7,8,9

Mineria, fabricacion de abrasivos,
fabricacion de vidrio, trabajos en
canteras
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Asbestos Asbestosis Mineria, pintores, fabricacion de 10, 11, 12,
vidrio 13, 14,15
Carbon, asbesto, Silice Neumoconiosis
Mineria, pintores, fabricacién de| 16,17, 18,
vidrio, fabricacion de abrasivos. 19
Isocianatos y anhidridos de Neumonitis por | Grajeros, mineros y pintores. 20, 21, 22
acido, carbon. hipersensibilidad
Enfisema Minero, escultor, pintor, grabador, 23,24, 25
Humo de tabaco, humo de restaurador de arte. - Jardinero.
marihuana, contaminacién
del aire, vapores quimicos y
polvo
Caolin Caolinosis Industrias de mineria, papel y 26, 31
porcelana
Cancer de pulmén 27, 28, 29
Asbesto,  éter,  humo, Trabajadores expuestos al
aromatico politico, amianto en extraccion y mezcla,
hidrocarburos, arsénico, mineros de carbono.
silice.
L Bronquitis crénica | Mineria, exposicion ocupacional al 29
Exposicion  a , polvo, humos, gases y vapores
contaminantes del aire
como humo de cigarrillo,
exceso de polvo en el aire 0
productos quimicos.
Bronquiectasia Escultor, pintor, escultores, 30
) restaurador de arte, jardinero.
Fumadores activos y
pasivos, exposicién a aire
contaminado, polvo y humo
en el lugar de trabajo.
Agentes  oxidantes de| Errores innatos del | Mineros, escultores, conductores de| 32,33
grafito metabolismo maquinaria pesada.
Malformaciones | madres embarazadas y neonatos 34, 35, 36,
congeénitas 37, 38, 39

CO, oxido de grafito a madres
embarazadas y recién nacidos,
exposicion de fumadores.
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Tabla 2
‘ e]=I\ ‘ POLIMORFISMO ASOCIACION REFERENCIAS ‘
AUTOFAGIA
ATG5 rs510432 Neumoconiosis 1
ATG10 rs1864182 Neumoconiosis 1
ATG12 rs26538 - rs1058600 Neumoconiosis 1
ATG16L1 rs1045095 - rs2289477 | Neumoconiosis 1
CRECIMIENTO CELULAR
TGF-B1 rs1800469- Fibrosis 2
rs1800470rs1800471 Nneumoconiosis
HSPB1 rs2868371 Dafio cromosomico | 3
REPARACION DNA
ERCC6 rs3793784 Dafio DNA 4
HSP 70-hon rs 2437 Neumoconiosis 5
ERCC1 rs 11615 Dafio cromosomico | 6
ERCC2 rs1799793 Dafio cromosomico | 6
ERCC5 rs751402 Dafio cromosomico | 6
ERCC6 rs2228526 Dafio cromosomico | 6
NQO1 rs1800556 Dafio DNA 7
hOGG1 rs1052133 Estrés Genotdxico 8
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XRCC1 rs25487 Estrés Genotdxico 8
ADPRT rs1136410 Estrés Genotoxico 8
XRGC4 rs6869366 Estrés Genotdxico 8
LIG4 rs1805388 Estrés Genotoxico 8
LRBA rs2290846- rs3749574- | Neumoconiosis 9
rs1782360
CSA rs158920-rs3117 Dafio DNA 10
CSB rs4838519- Dafo DNA 10
rs3793784rs2228527-
rs4253082
XPA rs1800975- Dafio DNA 10
rs3176689rs3176757
XPB rs2276583-rs4150434 Dafo DNA 10
XPC rs2228000- Daio DNA 10
rs3731055rs2228001
XPD rs13181- Dafo DNA 10
rs238417rs50871-
rs50872rs3810366
rs1799797-rs31870 Dafio DNA
XPG rs3759500- Dafo DNA 10
rs1047768rs17655-
rs2296147rs2016073-
rs4150348rs2094258
DDB2 rs1685404- Daio DNA 10
rs3781619rs901746-
rs2029298rs10742797
CYP1A1 Rs1695 Daino DNA 11
BPDE-AIb Rs689466 Dafio DNA 12
8-OHdG Rs7216064g Céancer de pulmon 12
ERCC4 rs744154, rs3136079y | Daflo DNA 13
rs31870
INFLAMATORIOS
TNF-alfa rs1800629 Neumoconiosis 14
TNF-alfa rs1799964 Neumoconiosis 15
TNFA - 308 rs1800629 Neumoconiosis 16
TNFA - 238 rs361525 Neumoconiosis 16
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IL1B + 3953 rs1143634 Neumoconiosis 16

IL-1b -511 rs16944 Fibrosis masiva| 17
progresiva

IL-1a +4845 rs17561 Fibrosis masiva 17
progresiva

IL-6 -174 rs1800795 Fibrosis masiva 17
progresiva

TGF-b1 -509 rs1800469 Fibrosis masiva 17
progresiva

VEGF +405 rs2010963 Fibrosis masiva 17
progresiva

EGF +61 rs4444903 Fibrosis masiva 17
progresiva

ICAM-1 +241 rs1799969 Fibrosis masiva| 17
progresiva

MMP-2 -1306 | rs243865 Fibrosis masiva 17
progresiva

IL-17A rs2275913- rs3748067-| Neumoconiosis 18

rs4711998- rs8193036

IL-4 rs2227284 Neumoconiosis 19

IL-4R rs 4787951 Neumoconiosis 19

IL-13 rs 20541 Neumoconiosis 19

IL-6 rs1800795 Neumoconiosis 20

IL-1 rs1143634 Neumoconiosis 21

COX2 Rs689466 — rs20417 Neumoconiosis 22

miR-146a Rs2910164 23

miR-196a2 Rs11614913 23

T1880C Rs5355 Neumoconiosis 24

T1559C Rs5368 Neumoconiosis 24

A16089G Rs4786 Neumoconiosis 24

CODIFICACION DE PROTEINAS

GSTT1 rs 17856199 Bronquitis Cronica 25

GSTM1 rs 366631 Bronquitis Cronica | 25

CYP1B1 Rs2567206 Céancer de Pulmén | (26)
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EPHX1 Rs13181 Cancer de Pulmoén 26
GSTP1 RS1695 Cancer de Pulmoén 26
HMGB1 rs1360485 Neumoconiosis 27
CYP2B6 rs3760657 28
AHR Rs2066853 Neurotoxicidad 29
CASP3 Rs6948 Neumoconiosis 30
CHRNA3 rs667282 31
CHRNAS rs12910984 31
CHRNB4 rs667282 31
NAF1 rs4691896 Neumoconiosis 32
CYBA rs7195830 - | Neumoconiosis 33
rs13306296- rs4673 -
rs9932581- rs16966671
MTHFR rs1801133 Dafio cromosémico | 34
EPHX1 rs2234922 Neumoconiosis 35
MMP1 rs1799750 Neumoconiosis 35
MMP2 rs2285053 Neumoconiosis 36
MMP3 rs522616 Neumoconiosis 36
MMP-7 rs10502001 Neumoconiosis 37
OPN rs1126772- Neumoconiosis 37
rs11728697- rs9138
GITR rs3753348- rs2298213- | Neumoconiosis 38
rs11466668
SPARC rs1059279- rs1059829- | Neumoconiosis 39
rs1053411- rs2304052-
rs4958281
MUC5B rs2672794- rs868903- Neumoconiosis 40
rs12804004
SMAD4 rs10502913 Neumoconiosis 41
GENES RNA
miR — 146a rs2910164 Neumoconiosis 42
mirR-149 rs2292832 Neumoconiosis 42
miR-196a2 rs11614913 Neumoconiosis 42
miR-499 rs3746444 Neumoconiosis 42
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miR-423 rs6505162 Neumoconiosis 42

miARN rs11614913 rs2292832| Dafo oxidativo 43
rs2910164 rs3746444

Conclusiones: Posterior a la revision sistematica y teniendo en cuenta los
resultados, queda claro que la exposicion a la mineria de carbén y sus componentes
en la polucion, tiene una afectacion muy marcada en el dafo fisiolégico de las
personas, y llevamos a cabo la presencia de ciertas patologias y muy relacionado
con las respiratorias; no solo este tipo si no también con alteracién en piel,
gastrointestinales entre otras, hay que tener en cuenta que deberian mejorar las
medidas tanto para las personas que son trabajadores de las minas como tener en
cuenta las personas que se encuentran alrededor de estas, ya que el impacto en el
medio ambiente por la mineria afecta a la vida d restas otras personas.

Palabras clave: Genotoxicidad, mutacion, carbén, mineria, genes.

ABSTRACT

Mining is a strategic sector for the development of countries, over the years coal
mining has been exploited in many places, in Colombia coal is the second most
important export product; however, there are many consequences that this brings
with it, multiple diseases, environmental damage such as loss of soil, degraded
ecosystems and even society is also affected by the mismanagement of this activity.
In coal miners, or people who have direct or indirect contact with coal, the inhalation
of dust from these mines can have consequences such as blocking the entry and
exit of air from the lungs, generating respiratory diseases such as emphysema,
chronic bronchitis, among others; It has also been shown over the years that there
is a relationship of genetic alterations associated with coal components produced by
mining, leading to the development of different pathologies, depending on the
mutation such as the ATG5 gene with the rs51043 polymorphism associated with
pneumoconiosis, and a host of pathologies that affect other systems, not only the
respiratory, but also cardiovascular, skin, among others.

The World Health Organization has described the relationship that air pollution has
with the appearance of certain diseases that have put human health at risk, and that
prolonged exposure to air polluted by coal can even cause death.

Background: Prior to conducting the literature review, a work was carried out based
on the same topic that was studied.
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This work was carried out in the area of La Loma, Cesar, this one, sought to know
were the damages at the genomic level caused by exposure to coal mining and its
pollution in the environment of contiguous populations, a group of approximately 150
people. Said could not be finalized due to the COVID-19 pandemic in 2020.

Objective: Describe the main polymorphisms caused by people exposed to coal
mine waste.

Materials and Methods: A review of bibliographic material was carried out in
different journals and scientific studies. Databases such as PubMed and other
journals and search entities (SciELO) were used to search for words in English and
Spanish. Already within the named were used different search equations as the
"AND" "OR" ", to have a better choice of the material to review.

The words used for the search were: carbon, genotoxicity, pollution, genetic
damage, genes, mutations.

Results:
AGENTS MAIN DISEASE OCCUPATION CITES
Asthma _ ; 1,345
Coal, pollens, molds and Adhesive Handlers Bakers, dairy
tobacco smoke. farmers, carpet makers,
painters.
Silice Silicosis 6,789
Mining, manufacture  of
abrasives, glass manufacturing,
quarry work.
Asbestos Asbestosis
Mining, painters, 10, 11,
glass manufacturing. 12,13,
14, 15
Coal, Asbestos, Silice Pneumoconiosis
Mining, painters, glass 16, 17,
manufacturing, manufacture of 18, 19
abrasives.
Isocyanates and acid | Hypersensitivity | Farmers, miners, painters. 20, 21, 22
anhydrides, coal. pneumonitis
Emphysema 23, 24, 25
Tobacco smoke. Marijuana Miing,Sculptor, painter, engraver,
smoke. Air pollution. art restorer. -
Chemical fumes and dust. Gardener.
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Caolin Kaolinosis Mining, paper and porcelain 26, 31
industries.

Lung cancer 27,28, 29
/Asbestos, ether, smoke, Asbestos exposed workers in
policyclic aromatic, extraction and blending, carbon
hidrocarbons, arsenics, silica miners.

Chronic bronchitis [Mining, occupational exposure to 29
; dust, fumes, gases and vapours
Exposure to air pollutants such
as cigarette smoke, excess
dust in the air or chemicals.
Bronchiectasis |Sculptor, painter, engraver, art 30

Active and passive restorer. - Gardener.
smokers,exposure to polluted
air,dust and smoke in the
workplace.
Graphite oxidizing agents Inborn errors of |Miners, sculpor, heavy machinery 32,33

metabolism drivers

Congenital lpregnant mothers and neonates

CO, graphite oxiding a pregnant malformations 34, 35,
mothers and neonates gents, 36, 37,
ismokers exposure. 38, 39
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PO ORP ASSOCIATIO R
AUTOPHAGY
ATGS rs510432 pPNEUMOCoNIosis 1
ATG10 rs1864182 Pneumoconiosis 1
ATG12 rs28538 - rs1053600 Pneumoconiosis 1
ATG16L1 rs1045005 - rs2288477 | Pneumoconiosis 1
CELL GROWTH
TGF-$1 r51800458-r51800470- | Fibrosis and 2
51800471 pneumoconiosis
HSPB1 rs2868371 chromosomal 3
_dsmage
DNA REPAIR
ERCC6 rs3793754 ADN damage o
HSP 70-hon rs 2437 PNEUMOCONIOSIS 5
ERCC1 s 11815 chromosomal 5]
damage
ERCC2 rs1798783 chromasomal ]
damage
ERCC5 rs7r51402 chromosomal 5]
damage
ERCC6 152228528 chromosomal 8
damage
NQO1 rs1800558 ADN Dsmage 7
hOGG1 rs1052133 genotoxic stress 8
XRCC1 rs25487 genotoxic stress 8
ADPRT 51138410 genotoxic sfress 8
XRGC4 rs8858358 genotoxic stress 8
LIG4 rs1805388 genctoxic stress 8
LRBA rs2290848- rs3749574- | pneumoconiosis a
rs1782350
CSA rs158820-rs3117 DNA Damage 10
CSB rs42838518-r23793784- | DNA Damage 10
L rs2228527-r54253082
XPA rs1800875-rs3176639- | DNA Damage 10
rs3178757
XPB rs2276583-r54150434 DNA Damage 10
XPC £52228000-rs3731055- DNA Damage 10
152228001
XPD rs13181-rs238417-r350871- | DNA Damage 10
rsS0E72-r<3810366
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XPF 51759797-rs31870 DNA Damage 10
XPG r43759500-rs1047768- DNA Damage 10
517655-r52296147-
rs2016073-r54150348-
rs2004258
DDB2 rs1685404-r33781619- DNA Damage 10
rs801746-r-2029298-
s10742797
CYP1A1 Rs1685 DNA damege 11
BPDE-Alb RsE30466 DNA Damage 12
8-OHdG Rs7218064g Lung cancer 12
ERCC4 rs744154, rs3136070y | DNA Damage 3
rs31870 ~
INFLAMMATORY
TNF-alfa 51800628 pneumeconicsis 14
TNF-alfa 51700064 pneumoconiosis 15
TNFA-308 | rs1800628 Pneumoconiosis 18
TNFA - 238 rs381525 Pneumoconiosis 18
IL1B + 3953 | rs1143634 Pneumoconiosis 18
IL-1b -511 rs18944 progressive massive | 17
fibrosis
IL-1a #4845 | rs17561 progressive massive | 17
fibrosis
IL6-174 rs18007285 progressive massive | 17
fibrosis
TGF-b1-509 | rs1800460 progressive massive | 17
= fibrosis
VEGF +405 rs20109863 progressive massive | 17
fibrosis
EGF +61 154444503 progressive massive | 17
fibrosis
ICAM-1 +241 | rs1728968 progressive massive | 17
fibrosis
MMP-2 -1 rs243865 progressive massive | 17
122 fibrosis
IL-17A rs2275913- rs3748067- | pneumoconiosis 18
rs4711608- rs2183025
4 152227284 PReumoconiosis 19
IL4R 54787851 pneumoconiosis 18
1IL-13 s 20541 PNeumoConiosis 18
IL-6 rs1800795 PNEUMOCOoNIosis 20




] 151143634 pneumoconiosis 21
cox2 R=G589486 — rs20417 PNEUMOCONIoSsS 22
" miR-146a R=2010164 23
 miR-196a2 R=11614913 23
T1880C R=5355 Pneumoconiosis 24
T1559C Rs5368 Pneumoconiosis 24
“A16083G Rs=4728 pneumoconioss 24
PROTEIN CODING n B
GSTT1 rs 17856199 chronic bronchitis | 25
GSTMH1 rs 366631 chronic bronchitis 25
CYP1B1 Rs2567206 Lung cancer (26)
EPHX1 Rs13181 Lung cancer 28
GSTP1 RS1695 Lung cancer 28
HMGE1 rs1360425 PNEUMOCONIoSS 27
CYP2B6 rs3760657 28
AHR Re2066855 Neurotoxicity 28
 CASP2 R=6048 Pneumoconiosis 30
CHRNA2 5667282 31
_ 512010884 3
CHRNBE4 1667282 31
NAF1 154001506 Pneumoconiosis 32
CYBA r<7195830 - Pneumoconiosis 33
rs13306296- rs4673 -
rs9932581- rs16966671
"MTHFR 151801133 Chromosomal 34
dsmage
EPHX1 rs2234522 Pneumoconiosis 35
EFH 151799750 Pneumoconiosis 35
MMP2 rs2285053 Pneumoconiosis 36
EH_P:’. 15522616 Pneumoconiosis | 36
MMP-7 rs10502001 Pneumoconiosis 37
OPN rs1126772-rs11728697- Pnemncomosns 37
59138
GITR rs3753348-rs2298213- Prnaumoconiosis 38
1511456663
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SPARC rsi055279- rs1059825- Pneumoconiosis 38
rs1053411- rs2304052-
rs4s58281
MUC5B rs2672754- rs368903- Pneumoconiosis 40
rsi2Be0400&
SMAD4 r:10502913 Pneumoconiosts 41
RNA GENES
| miR —146a 12910164 Pneumoconiosis 42
mirR-149 rs2292832 Pneumoconiosis 42
miR-196a2 rs11614913 Pneumoconiosis 42
miR-499 53746444 Pneumoconiosis 42
miR-423 rs6505162 Pneumoconiosis 42
miARN r511614813 52202832 oxidative damage 42
rs2010164 roP3748444

Conclusions:

After the systematic review and taking into account the results, it is

clear that exposure to coal mining and its components in pollution has a very marked
effect on the physiological damage of people, and we carry out the presence of
certain pathologies and closely related to respiratory diseases; not only this type but
also with skin alteration, gastrointestinal among others, it must be taken into account
that the measures should be improved both for people who are workers in mines and
take into account the people who are around them, since that the impact on the
environment by mining affects the lives of other people.

KeyWords: Genotoxicity, mutation, coal, mining, genes
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