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Introduction

Homeobox genes, a family of genes which help in develop-
ment and differentiation of organs during the embryonic life,
are located on all chromosomes. They encode transcription
factors and their mutations lead to malformations and
syndromes.1,2

Paired-like homeobox 2B (PHOX2B) gene, a member of
this family, is located on chromosome 4p12 and has an exon

count of 3. It codes for a transcription factor that has role in
formation of neuronal circuits, especially those associated
with the autonomic nervous system, mainly for the norad-
renergic nerves.3 It also determines the neurotransmitter
phenotype.4 Its mutations have been linked to congenital
central hypoventilation syndrome (CCHS), neuroblastomas,
Hirschsprung’s disease, Haddad syndrome (CCHS with
Hirschsprung’s disease), and sudden infant death syndrome
and other forms of sleep apnea.5 Pattyn et al found absence of
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Abstract Background Paired-like homeobox 2B (PHOX2B) gene on chromosome 4p12 codes
for a transcription factor having a role in the formation of noradrenergic neuronal
circuits. Its mutations have been linked to congenital central hypoventilation syndrome
(CCHS). The clinical presentation of both, obesity hypoventilation syndrome (OHS) and
CCHS in adults (named late-onset central hypoventilation syndrome), is quite similar.
Because of this symptomatic similarity, multifactorial causation of OHS, the mutation
of PHOX2B gene was studied in patients with OHS in this study.
Methods A hospital-based cross-sectional study was performed on patients diag-
nosed with OHS. The deoxyribonucleic acid was extracted from 2mL of venous blood
and was further amplified, specific to exon 3. The amplified products were cast and run
in 2% agarose gel and then subjected to Sanger sequencing.
Results Thirty patients of OHS (21male; 9 female) were enrolled in the present study,
average age being 51.7 years. The Sanger sequencing of the samples revealed no
apparent areas of deletions and no apparent mutations.
Conclusion Primers for exon 3 were used for amplification in thermocycler, as exon 3
is the most frequently mutated exon for PHOX2B gene, as per existing literature. The
entire gene needs to be studied for mutations and the sample size needs to be
increased.
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motor neuron differentiation in mice with knocked out
PHOX2B gene. The precursor cells for these motor neurons
underwent early apoptosis and those which migrated
showed absence of postmitotic markers, thus making them
physiologically ineffective. This shows that PHOX2B gene is
responsible for formation of all visceral and branchial motor
neurons in the hindbrain.6

The earliest description of hypoventilation and apnea
caused by PHOX2B mutation was described in 1970 as
Ondine’s curse or CCHS.7 PHOX2B mutation in CCHS leads
to addition of extra alanine residues to the poly A tail causing
abnormalities in differentiation of neurons, especially
those of the autonomic nervous system. As a result of this,
there is inefficient regulation of respiration and other
autonomic functions, known as autonomic nervous system
dysregulation.8

Obesity Hypoventilation Syndrome (OHS) is a severe
condition characterized by the presence of hypoxemia and
hypercapnia along with daytime sleepiness in a person with
a body mass index (BMI) of more than or equal to 30 kg/m2,
unexplained by other systemic causes like severe hypothy-
roidism, obstructive, or restrictive pulmonary diseases.9,10

OHS has a complex pathophysiology, with several factors
that seem to have interplay in its causation. Approximately
90% of patients with OHS is associatedwith obstructive sleep
apnea (OSA). Patients with OHS are usually at the extreme
end of the spectrum of OSA.11 The prevalence of OHS seems
to increase with increase in the BMI of the individual, with a
prevalence of 10 to 20% in individuals with BMI of over
50 kg/m2.10,12 Apart from obesity, there are other more
complex entities like leptin resistance and blunting of the
central respiratory drive at play in development of OHS.13–15

Patients with OHS more likely to have type II diabetes
mellitus, systemic hypertension, and cardiovascular
disease.10,16

Recently, the involvement of neural factors in the ventila-
tory control and their role in the persistence of hypercapnia
in the waking state have been studied.11,17 Respiratory
regulation in response to hypercapnia is impaired in patients
of OHS. Disorder of ventilatory control and alveolar hypo-
ventilation together contributes to inability of such individ-
uals to return to a eucapnic state after hypercapnia.18 The
manifestation of neural “dysregulation” in this condition is
quite similar to that seen in another disease, known as the
CCHS. This rare condition is almost exclusively seen due to
the mutation of the PHOX2B gene, with just a few hundred
cases reported worldwide. CCHS, per se, is seen more com-
monly in children and such children present with hypox-
emia, hypercapnia, and daytime somnolence. Children
suffering from this disorder may often have syndromes or
conditions associatedwith this gene’smutation andmany do
not survive childhood.19 A milder form is late-onset central
hypoventilation syndrome (LOCHS), which usually begins in
teenage or early adulthood and its manifestation is often
limited, not exclusively, however, to that of the respiratory
system in the formof sleep apnea.20 The clinical presentation
of both OHS and CCHS in adults (named LOCHS) is
quite similar. Because of this symptomatic similarity,

multifactorial causation of OHS, the mutation of PHOX2B
gene, was studied in patientswith OHS in this study. Till date,
no study has been conducted to determine the correlation
between OHS and PHOX2B gene, therefore, in the present
study, the existing research on CCHS and LOCHS with their
gene mutation loci were taken as reference.

Aims and Objectives

This article aims to determine the association between
mutations of PHOX2B gene in patients of OHS.

Materials and Methods

Study Design
The present study was a hospital-based cross-sectional
study. All patients diagnosed as OHS (> 18 years) in a tertiary
care center in Central India were chosen for the study. The
study was conducted from December 2017 to June 2019.

OHS was defined as:

1. BMI>30 kg/m2.
2. PaCO2 45mm Hg.
3. Absence of other causes like hypothyroidism or

obstructive/restrictive lung disease.

Institutional Human Ethical Clearance was obtained (via
letter number IHEC-LOP/2017/MD003) prior to the start of the
study and 33 patients were enrolled. Written and informed
consent was obtained from all subjects at the time of enroll-
ment. Note that 2mL of venous blood was drawn into an
ethylenediaminetetraacetic acid vial, taking all aseptic pre-
cautions. This was subjected to deoxyribonucleic acid (DNA)
extraction using Spin Protocol by Qiagen. The DNA was then
amplified in a 96-well thermocycler. Primer sequences of exon
3were utilized in the amplification, as this exonwas reported
to be the most common site for mutations in CCHS.

The primers used were as follows:

Forward primer: ACCCTAACCGGTGCTTTTCT
Reverse primer: AGCGCGATTACTTTAGGCCC

Polymerase chain reaction (PCR) reaction mixture for
exon 3 of PHOX2b gene was as follows:

The amplification protocol used was as follows:

Reagent Extracted
DNA

Forward
primer

Reverse
primer

Hot
Taq
Master
Mix

Nuclease
free
water

Total

Concen-
tration

100–
250 ng

0.2 µM 0.2 µM 1X � �

Volume 5 µL 1 µL 1 µL 25 µL 18 µL 50 µL

Initial
denaturation

30 cycles Final
extension

Hold

95°C for
5minutes

Denaturation Annealing Extension 72°C for
7minutes

4°C

95°C for
45 seconds

59°C for
45 seconds

72°C for
1minutes
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Working Protocol for DNA Amplification
The amplified products were subjected to agarose gel elec-
trophoresis on 2% agarose gel. The separated bands on the gel
were purified using QIAquick Gel Extraction Kit. The purified
DNA samples were subjected to Sanger sequencing, follow-
ing which, they were subjected to sequence alignment using
the software Clustal Omega (Courtesy of the European
Bioinformatics Institute [EMBL-EBI]).

Results

In the present study, 33 patients of OHS, who attend the
PulmonaryMedicine Outpatient Department, All India Insti-
tute of Medical Sciences Bhopal (AIIMS Bhopal), Bhopal,
Madhya Pradesh, India, were enrolled. Three patients, after
initial enrolment, dropped out of the study. Thirty patients
(21 male; 9 female) were enrolled in the present study.
The average age of the study subjects was 51.7 years (range:
36–72 years).

Mean BMI of the study subjects was 37.43 (range: 30.2–
51.6) and the standard deviation was 7.37 (►Table 1). The
other baseline characteristics are tabulated in ►Tables 2

and 3.

After extracting the DNA using QIAGEN’s Spin Protocol
from blood and body fluids and after amplification of the
desired segment of the gene using PCR, the samples were
subjected to gel electrophoresis on 2% agarose gel. A healthy
control was used along with the patients’ samples. Amplifi-
cation of the targeted area was confirmed in all the samples.
The amplified product produced a band between 700 to
800 base pairs corresponding to the DNA ladder.

The size of the PCR product was 736 base pairs. As a result
of this, the prominent band between 700 and 800 base pairs
on the agarose gel was taken to be the band of interest.

The Sanger sequencing of the samples revealed no appar-
ent areas of deletions and no apparent mutations (►Fig. 1).

None of the samples showed insertion of multiple repeats
of alanine within the sequence, and there were no areas of
deletion or insertion of other base pairs. The samples did not
show any frameshift or point mutations on alignment.

Discussion

In 2004, Matera et al21 conducted a study on 27 patients of
CCHS, which included 3 patients of LOCHS and sequenced all
three exons of PHOX2B gene. They noted the presence of

Table 1 Subject distribution according to baseline characteristics

Age (y) Sex Body mass index (BMI) (kg/m2)

30–40 41–50 51–60 61–70 > 70 Male Female 18.5–
24.9

25.0–
29.9

30.0–
35.9

36.0–
40.0

40.0–
45.9

46.0–
50.0

> 50.0

3 11 10 5 1 21 9 2 4 10 7 5 1 1

Table 2 Subject distribution according to examination and blood investigations

Blood pressure (mm Hg) Hemoglobin A1c (HbA1c)

Normotensive Prehypertensive Grade 1
hypertension

Grade 2
hypertension

Normal
(< 6.0%)

Prediabetic
(6.0–6.4%)

Diabetic
(> 6.5%)

11 7 6 6 11 1 18

Table 3 Subject distribution according to arterial blood gas (ABG) analysis values

PaCO2 (mm Hg) HCO3 (mEq/L)

ABG values 25–30 31–35 36–40 > 40 15–20 21–25 26–30

Number of patients 2 10 15 3 10 16 4

Fig. 1 Sanger sequence of patient ID OS – 13 showing base pairs 100 to 210.
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three different kinds ofmutations, all on exon 3. Exon 3 is the
most common out of all three exons where mutations have
been reported by previous workers. They noted deletion of C
at position 614 to 618 and insertion of G at position 862 to
866 in 2 patients. They also reported deletion of codons from
position 721 to 756 of the exon. In the present study, no
mutations were observed at these specific loci on exon 3 in
patients with OHS.

Studies were performed on CCHS by two independent
teams of scientists, Sasaki et al22 and Weese–Mayer et al.
Sasaki et al studied 7 patients and observed frameshift
mutations and polyalanine repeat mutations (PARM) in
them. No such corresponding mutations at any position
were found in the present study.

Weese–Mayer et al studied 67 patients of CCHS and com-
pared them to a control group. They investigated a plethora of
genes responsible for autonomic nervous system growth and
differentiation. They observed that 65 out of these 67 patients
hadPARMonexon3.Onepatienthadanonsensemutationand
the other had no mutation but was suffering from respiratory
complications as the others.8 No such corresponding muta-
tions were identified in the present study.

Some of the other genes involved in the causation of OSA,
indirectly, are those coding for neuropeptide Y and peroxi-
some proliferator-activated receptor gamma (PPARg). These
genes are believed to promote excessive accumulation of fat,
increasing the chances for developing the mechanical prob-
lems of respiration due to obesity and eventually, OSA
and OHS. In 2011, Bhushan et al studied these genes in
142 Indians with OSA and 110 without. They found a higher
frequency of a variant allele of the PPARg gene in persons
whowere suffering from sleep apnea.23 In the next year, that
is, in 2012, Lingappa et al detected a neonate who showed
PARM in the form of 10 polyalanine repeats, making her the
first confirmed case of PHOX2B gene mutation from India.24

In the present study we did not observe any PARM.
Limitations of these studieswere small sample size from a

single center. Due to restriction of funds, the current tests
employed for the PHOX2B genewere performed only on exon
3, based on results of previous studies. This, however, does
not account for mutations in exons 1 and 2, nor does it
account for mutations of the intron regions or splicing
mutations.

This is probably thefirst study done tofind out the genetic
association between PHOX2B gene and OHS. We did not find
any genetic association between these two.
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