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SDHD gene mutation in Mexican population with carotid body
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Abstract

Introduction: Among the U.S. population, the p81L SDHD (11q23) gene mutation is present in 6-36% of patients with spora-
dic carotid body tumor (CBT), but in familial cases is high as 80%. That is why the P81L mutation is used as a screening
method for carotid body tumor in the U.S. Methods: We included 25 patients who underwent resection of a CBT from
January 2010 to June 2015. After informed consent, a blood sample was taken for genetic testing on real-time polymerase
chain reaction, in order to identify p81L mutation in the SDHD gene. The information was analyzed with descriptive statistics,
using central tendency and description measures. Results: In our group, 92% were females, a mean age of 55.5 years, and
52% were Shamblin type Il. The most common place of residence was Mexico City, 8% of the patients had family history,
about 20% of the patients had a contralateral tumor and 16% had antecedent of another kind of tumor, 4 (16%) p81L SDHD
gene mutations were detected, all of them were heterozygous. Conclusions: The p81L mutation in the SDHD gene was found
in the Mexican population in higher grade that in the U.S. population, which explain the high incidence of this pathology in our
country, but we need more studies about this subject.
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Resumen

Introduccion: La mutacion p81L del gen SDHD (11q23) se encuentra presente en el 6-36% de los pacientes con tumores
del cuerpo carotideo (TCC) esporddicos y hasta en el 80% de los que presentan TCC familiares. En los EE.UU. se usa como
método de cribado para TCC. Método: Se incluyeron 25 pacientes consecutivos operados de reseccion de TCC entre enero
de 2010 y junio de 2015. Se les tomé muestra sanguinea venosa que se sometio a reaccion en cadena de la polimerasa en
tiempo real para identificar la mutacion p81L del gen SDHD (11q23). La informacidn se analizé con estadistica descriptiva
mediante medidas de tendencia central y dispersion. Resultados: Del grupo en estudio, el 92% eran mujeres, la edad pro-
medio era de 55.5 afios y el 52% tenian tumor Shamblin tipo Il. El lugar de residencia mas frecuente fue la Ciudad de Méxi-
co. El 8% presentaban antecedentes familiares, el 20% tumor bilateral y el 16% presentaron un tumor en otra region. Se
encontrd la mutacion p81L del gen SDHD (11923) en el 16% de los pacientes de forma heterocigota. Conclusiones: La
mutacion p81L del gen SDHD se encuentra presente en la poblacion mexicana en un grado mds elevado que lo reportado
en los EE.UU., lo que podria explicar la alta incidencia en nuestro medio.
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|ntroduction

Carotid body tumor (CBT), also known as paragan-
glioma, chemodectoma and carotid glomus, is a tumor
originating in the ectoderm of the neural crest, and is
classified into chromaffin and non-chromaffin
cell-type.

Chromaffin cells have the ability to produce cate-
cholamines, and are located from the base of the skull
to the pelvic floor. Chromaffin cell paragangliomas are
extremely rare, with an incidence of 0.03%'3.

The most common localization of paragangliomas
is the carotid body, where they account for 65% of all
paragangliomas. They can be located less often in the
jugular vein and the vagus nerve*. The carotid body
is a sub-adventitial chemoreceptor located at the bi-
furcation of the primitive carotid artery on its postero-
medial side; tumors deriving from this tissue are highly
vascularized'3®,

According to the Shamblin classification, CBTs are
differentiated into three anatomical groups according
to their size and surgical-technical difficulty”:

— Type I: relatively small tumors, minimally adhered
to the medial aspect of the carotid vessels. Sur-
gical extirpation is simple.

— Type II: they involve and surround the internal
and external carotid arteries, but do not go be-
yond their external boundaries.

— Type llI: are very large tumors that surround the
carotid arteries, extend beyond their lateral boun-
daries and can infiltrate the base of the skull.
They also involve different nerves at the level of
the neck and may require interposition of a graft
with en block resection.

The treatment of choice is surgical resection, al-
though another therapeutic option in large CBTs is
embolization prior to the surgical procedure; these
tumors are not radiosensitive®.

The male/female ratio reported in the Anglo-Saxon
literature is 1:1.9 on average; however, in Latin Ame-
rica it is much more common in women, with a ratio
of up to 1:11358,

The reported incidence of this tumor in Latin Ame-
rica is among the highest. In the Oncology Hospital
of the Siglo XXI National Medical Center (CNM — Cen-
tro Médico Nacional), 98 cases have been reported
in 20 years®; in the Specialty Hospital of the Siglo XX/
CMN, 92 cases in 25 years®; and in the National Ins-
titute of Cancerology, 66 cases in 20 years'. In Boli-
via, 333 patients have been treated in 35 years®.

An altitude of residence higher than 1500 m above
sea level is a known risk factor for chronic hypoxia,
which induces hypertrophy of the carotid body. CBT
is common in inhabitants of cities that are located at
high altitudes above sea level, and cases can be spo-
radic or familial®'.

Recent reports have found genetic mutations in up
to one third of patients with paragangliomas. The most
commonly involved genes are SDHD (PGL1), SDHB
(PGL4) and SDHC (PGL3)'2.

The SDH genes participate in oxidative phos-
phorylation, signaling and oxygen detection, which
are part of mitochondrial complex Il (also known as
oxide-reductase succinate-ubiquinone)'2™. SDHD in
chromosome 11923 is the one most commonly asso-
ciated with the pathogenesis of paragangliomas of the
head and neck, while SDHB in chromosome 1p35-36
has been associated with malignancy or with the pre-
sence of extra-adrenal paragangliomas™™. In the
USA, 9% of cases have a familial component, whe-
reas in the Netherlands this can be as high as 50%".

The SDHD gene is composed of four exons and
encodes a 159-amino acid protein. Its function is to
encode the anchoring subunit for ubiquinone binding,
in order for electrons to be transferred from the
iron-sulfur groups within the SDHB subunit. Its muta-
tion leads to the appearance of the paraganglioma
syndrome™. Up to 26 different mutations have been
described in the SDHD gene that are related to the
appearance of paragangliomas in the head and neck,
with the most common being a deletion in chromoso-
me 11q, which is more important in familial (86%) than
in non-familial forms (22%)'2'4. The familial form is of
the autosomal dominant type, with higher susceptibi-
lity for being inherited from the father, which is why it
is considered as a maternal imprinting®. In the Ne-
therlands, familial paragangliomas in the head and
neck have been linked to mutations in L139P and
D92Y's, while in the USA, mutations in P81L and
R38X"" have been observed with higher incidence,
which has made for the P81L mutation to be used as
a screening method for familial paragangliomas of the
head and neck, where mutation in the SDHD gene
occurs in 50% of cases, with 20% of them being cau-
sed by mutations in SDHB, and without mutations in
the SDHC gene being observed. Sporadic paragan-
gliomas of the head and neck have also shown an
important role of complex Il mutations; in the Nether-
lands, up to 36% of patients carry the mutation, while
in the US it has been found only in 8% of patients,
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Table 1. Altitude of the place of residence of patients with carotid
body tumors

Population Altitude (m a.s.l.) No. of patients
Mexico city 2240 16
State of mexico 2670 13
Toluca 2600 2
Zacatecas 2496 2
Puebla 2147 2
Sal luis potosi 1860 1
Guadalajara 1570 1

and among these, the SDHD gene in 5% and the
SDHB gene in 3%'"41,

A gene is a very small part of any chromosome. The
DNA fragment that contains the gene of interest is
identified by a key property that distinguishes it from
other DNA fragments: its sequence. If at least one part
of the sequence of the DNA segment to be cloned is
known, the number of copies of this DNA segment can
be amplified by means of polymerase chain reaction
(PCR)'™8,

PCR was developed by Kary B. Mullis in 1987 and
functions by amplifying a DNA segment using DNA
polymerase and two specific oligonucleotides. It is a
cyclic process where both DNA chains are denatured
by heat; subsequently, small oligonucleotide segments
are aligned in a DNA chain, and with the help of DNA
polymerase, a new chain is synthesized, with this pro-
cess taking place in different cycles to amplify the se-
quence. PCR has sufficient sensitivity to detect and
amplify a single DNA molecule in almost any type of
sample, such as blood, cerebrospinal fluid, urine, buc-
cal smear, etc. It has uses in archeology, paleontology,
forensic medicine, epidemiology, prenatal diagnosis
and a wide variety of pathologies; in this case, it will be
used to detect a mutation'®®,

The purpose of this study is to determine whether
the p81L mutation in the SDHD gene (11923) is pre-
sent in patients undergoing CBT resection in our
population.

Method

A cross-sectional, observational study was carried
out. From the database, 144 patients undergoing sur-
gery for CBT resection with histopathological confirma-
tion were identified from January 2010 to June 2015.
Twenty-five patients who accepted having a blood

sample taken by signing an informed consent were
chosen. Venous blood was processed at the hospital
genetics laboratory and real-time PCR was performed
using an automated system, looking for the p81L muta-
tion in the SDHD gene. This system generates a wave
by means of which knowing the wild sequence (which
corresponds to a normal genotype) and the sequence
in case of mutation (which corresponds to a pathologi-
cal genotype) is possible, either in homozygous or he-
terozygous state. The results were analyzed with des-
criptive statistics using central tendency and dispersion
measures with the SPSS statistical package.

It should be considered that, since this is a search
for mutations already reported in other populations,
which affect specific domains of the protein with a
characteristic pathological phenotype and that there-
fore do not correspond to polymorphisms, considering
controls is not necessary.

Results

Twenty-five patients were included, out of which 23
were females (92%), with a female/male ratio of 11.5: 1.
Average age was 55.5 years (range: 28-81 years).

According to the Shamblin classification, 8% of
CBTs in our series were type |, 52% type Il, and 40%
type llI; of the latter, one case required tumor embo-
lization prior to its resection.

The most common place of residence was Mexico
City, followed by the State of Mexico, Toluca, Zacate-
cas, Puebla and Guadalajara (Table 1).

Two patients (8%) had a family history of CBT (one
case the father and another a brother); 92% had spo-
radic CBT.

In 20% (5 cases), CBT was bilateral, 16% (4 cases)
had one tumor in another region (with all being benign, in
the thyroid gland, breast, colon and ovary), and in no case
was it associated with another type of paraganglioma.

The p81L mutation was found in the SDHD gene
(11923) in 16%, with the mutation being heterozygous
in all four cases; in 19 patients, homozygous state for
the normal variant of the gene was found and, in two
patients, determining the genotype with the sequence
used for analysis was not possible (Fig. 1).

Discussion

The hypoxia that patients living in places with an
altitude higher than 1500 m above sea level are sub-
jected to is a known risk factor. In the case of our
study, all patients have lived in cities above 1500 m

35



36

Cirugia y Cirujanos. 2018;86

Allelic Discrimination Plot

12
10
@

0s

“~

g 00 f

<
04
02
.
00
=
00 02 04 0o 0s 1.0 1.2
Allele 1
Legend
e Homozygous Allele 1/Allcle 1 @ Homozygous Allele 2/Allele 2

o Heterozygous Allele 1/ANele 2

XUndetermined

Allele 1: corresponds to the sought mutation, which translates into L in position 81 of the protein
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Figure 1. Proportion of patients with the p81L mutation in the SDH gene.

throughout their lives, and the majority (64%) live in
Mexico City. Only two patients (8%) had a family his-
tory, and thus 92% were classified as sporadic.

Searching for the P81L mutation was decided be-
cause it is used as a screening method for familial
paragangliomas of the head and neck in the USA™
and because this population is closer to ours, although
not necessarily representative of similar genetic va-
riants, which is why the fact of carrying out the present
study provides knowledge of one more ethnic group
in the research on this type of tumors.

A history of other tumors was found in 16%, but in none
of these patients was the p81L mutation detected.

The p81L mutation was present in 16% of all our pa-
tients, with the incidence being higher than in the US

population, where 8% is reported. All patients were hete-
rozygous for the mutation, which represents a 50% likeli-
hood for the mutation being inherited by their children.

The presence of the mutation did not increase the
risk of malignancy; in fact, no patient showed malig-
nancies in the histopathological report.

Finding a difference with that which has been re-
ported in other countries regarding the presence of
the P81L mutation and its association with the deve-
lopment of paragangliomas in a Mexican population
group provides new knowledge, and opens the oppor-
tunity for new research to find out whether there is
any specific genomic variability in the Mexican popu-
lation that facilitates the development and timely de-
tection of paragangliomas.
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Conclusion

The results of this study serve to identify that, althou-
gh hypoxia as a result of the altitude of the place of
residence is a risk factor in our environment, it is not
the only determinant for the appearance of the tumor,
and that our population is also susceptible to changes
in genetic material associated with predisposition for
its development. It is necessary to consider that des-
pite having demonstrated in our study population that
the P81L mutation is found in patients who have deve-
loped paragangliomas, it is imperative to continue with
the study of other genetic variants that may be involved
in the pathophysiology of paragangliomas in the Mexi-
can population, whereby in the future we could not only
asymptomatically determine the possibility of develo-
ping the tumor, but also would be able to have an early
and accurate approach to the management of patients,
complemented with an adequate genetic counseling
that enables a comprehensive approach to affected
families and with sufficient scientific tools to develop
preventive and timely treatment measures.
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