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New Variant Found in the Bone Morphogenetic Protein
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Abstract

We present a case of a 29-week preterm infant delivered by emer-
gency cesarean section due to suspected placental abruption, with a
birth weight of 1.17 kg. The APGAR score was 7 at 1 min and 9 at
5 min. The baby was transferred on non-invasive ventilator support
to the neonatal intensive care unit (NICU). Physical examination
revealed features consistent with Down syndrome. Subsequently, he
developed worsening respiratory distress, necessitating intubation
and mechanical ventilation, ultimately requiring high-frequency
oscillatory ventilation (HFOV). Despite surfactant administration,
there was no improvement in the respiratory status. Echocardiogra-
phy revealed severe pulmonary hypertension. Treatment with nitric
oxide and later sildenafil was initiated, but there was limited clinical
improvement. After consultation with a pediatric pulmonologist, ge-
netic testing was pursued to investigate the possibility of mutations
in surfactant-related genes. The genetic analysis identified a novel
missense variant (p.His391Arg) in the bone morphogenetic protein
receptor 1B (BMPRI1B) NM _001203.3 gene, which has not been
previously reported in disease-associated contexts and is not pre-
sent in large population databases such as the Genome Aggregation
Database (gnomAD) and the Greater Middle East (GME) variome
database. Unfortunately, despite intensive care efforts, the infant re-
mained critically ill and passed away on day 43 of life. Through this
case report, we aim to highlight this novel mutation in the BMPR1B
gene for pediatricians and neonatologists worldwide. We also seek
to raise awareness about the associated clinical features and the im-
portance of considering such mutations in the differential diagno-
sis. Furthermore, we advocate for ongoing research to develop im-
proved management strategies that may enhance survival outcomes
for infants with similar genetic mutations.
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Introduction

Pulmonary arterial hypertension (PAH) is an uncommon
condition marked by remodeling of pulmonary arterioles, in-
creased arterial pressure, resistance, and eventual heart failure.
Pediatric-onset PAH, in contrast to its adult counterpart, dis-
plays greater variability and is frequently linked to a more un-
favorable prognosis. The condition exhibits etiological diver-
sity, encompassing familial PAH (FPAH), sporadic/idiopathic
PAH (IPAH), and hereditary PAH (HPAH, comprising FPAH
and IPAH with identified mutations) [1].

Pediatric PAH includes IPAH, HPAH, and PAH associated
with congenital heart disease (CHD) and with abnormal lung
development [2].

While the genetics of PAH in children have not undergone
extensive exploration, available data indicate a potential di-
vergence in genetic etiology between pediatric and adult PAH.
Limited sample sizes in pediatric studies underscore the need
for larger, more comprehensive investigations.

Reported mutations in the bone morphogenetic protein
receptor type 2 (BMPR2) gene, activin receptor-like kinase
1 (ALK1) gene, and SMADS gene are associated with both
HPAH and IPAH [3].

Bone morphogenetic proteins (BMPs) belong to the tumor
necrosis factor-beta (TNF-f) family and play important roles
in morphogenesis. BMPs are active during early development
and their function is important in the neurological, cardiovas-
cular, gastrointestinal, urinary, adipose, and musculoskeletal
systems; thus, these proteins were proposed to be called body
morphogenic proteins [4].

The BMP receptors (BMPRs) have been classified in two
groups: type I, containing the ALKs, and type II, containing
three distinct receptors: BMPR-II, ACTR-II, and ACTR-IIB.
The type I receptors are subdivided into three sub-groups: the
BMPR1 and ALKI groups, activating Smadl/5/8 proteins
and the TPR-I group, which interacts with SMAD2/3 [5]. The
BMPRI1 group comprises the BMPR-IA and BMPR-IB recep-
tors; though other receptors are expressed in various cell types,
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the expression of BMPR-IB, encoded by the bone morphoge-
netic protein receptor 1B (BMPR1B) gene, is significant in the
adrenal, brain, endometrial, ovarian and prostate tissue [4].

Along with PAH, acromesomelic dysplasia and brachy-
dactyly have also been seen in significant mutations with the
BMPR1B gene mutation.

In a recent study involving 88 neonates, no differences
were observed in the majority of candidate genes, such as
BMPR?2 and nitric oxide (NO) synthase. However, a notable
association with genetic variants related to cortisol signal-
ing (specifically corticotropin-releasing hormone receptor-1
(CRHR1) and CRH-binding protein) was identified in cases
of persistent pulmonary hypertension of the newborn (PPHN).
Additionally, elevated levels of 17-hydroxyprogesterone were
noted in infants with PPHN [6].

We hereby present a case of trisomy 21 with a mutation
in the BMPR1B, causing a new heterozygous pathogenic vari-
ant, which gene has not been previously reported in individu-
als with disease and is absent from the large population studies
such as the Genome Aggregation Database (gnomAD) and the
Greater Middle East (GME) variome database.

Case Report

A baby was born to 41-year-old, gravida 2 para 1, at 29 weeks
of gestation. Mother was an un-booked patient in our facility
but following in another facility.

The baby was conceived spontaneously to a non-consan-
guineous couple as the first child of her second marriage. The
mother had no previous medical history or known allergies. In
her previous pregnancy (from her first marriage), she under-
went a cesarean section due to failed induction of labor.

During her current pregnancy, the mother did not undergo
an oral glucose tolerance test (OGTT) or group B streptococ-
cus (GBS) test. However, her non-invasive prenatal testing
(NIPT) indicated a high suspicion of trisomy 21.

Antenatal scans done showed normal amniotic fluid with
fetus measuring appropriate for gestational age.

The mother initially sought care at another facility with
complaints of premature leaking (clear and non-bloody), which
was not accompanied by abdominal pain. She received her first
dose of betamethasone before being transferred to our facility.

Baby was born by emergency cesarean section with sus-
picion of placental abruption at 29 weeks of gestation with
a birth weight of 1.17 kg. The baby cried immediately after
birth, but had shallow respiration and required positive pres-
sure ventilation. APGAR score was 7 at 1 min and 9 at 5 min.
The baby’s vitals showed bradycardia (heart rate (HR) < 100)
at birth, which improved to HR of 140 with positive pressure
T-piece ventilation. The respiratory rate was 40/min with mild
subcostal recession, temperature was 36 °C and oxygen satura-
tion during resuscitation ranged from 85% to 95%.

On initial examination after birth, child was initially ac-
tive and had flat anterior fontanelle. He had features of Downs
syndrome (up slanting of both eyes, depressed nasal bridge,
low set ears, unilateral simian crease, wide spaced nipples and
rocker bottom feet). The skin was warm and had a good turgor.
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Figure 1. Chest X-ray after birth.

The capillary refill time was less than 2 s.

He had normal heart rate, rhythm and normal pulses. No
murmur was appreciated. He had tachypnea with mild subcos-
tal recessions. His abdomen was soft and flat. He was active
and no motor neurological deficit.

After initial assessment, he started having desaturation and
bradycardia and was immediately connected to non-invasive
mode of ventilation (positive end-expiratory pressure (PEEP)
6, pressure 20, rate 30/min and FIO, of 30%). Baby stabilized
and was transferred to neonatal intensive care unit (NICU).

In the NICU, the baby was vitally stable with HR of 140,
and saturation of 97% with a blood pressure (BP) of 65/33 mm
Hg and mean arterial pressure (MAP) of 35 mm Hg. His res-
piratory distress worsened and surfactant was administered us-
ing the less invasive surfactant administration (LISA) method,
and the baby was kept on non-invasive ventilation. Despite the
surfactant administration, the respiratory distress worsened,
necessitating intubation and mechanical ventilation. A chest
X-ray revealed slightly reduced lung volumes with diffusely
increased broncho-vascular and interstitial markings, which
were likely suggestive of respiratory distress syndrome, as
shown in Figure 1. His FiO, requirement increased to 90%.

Second dose of surfactant was administered but there was
no significant clinical improvement. He continued to have de-
saturation and required high ventilator settings (Fig. 2).

Initial echo showed moderate pulmonary hypertension
with large patent ductus arteriosus (PDA) (3.6 mm with left
to right shunt).

Trial of high-frequency ventilation was given; however,
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Figure 2. Chest X-ray after admission after two doses of surfactant.
Features suggest the possibility of pulmonary interstitial emphysema in
a known respiratory distress.

Table 1. Genetic Test Result (Custom Gene Panel)

the baby did not tolerate high-frequency ventilation and was
shifted back to assist control mode of ventilation. The baby
continued to have desaturations and there was difference of
more than 10% in pre- and post-ductal saturation. NO was
started in view of the pulmonary hypertension and on day 28 of
life, the dose reached 35 ppm. He was also started on sildenafil
which showed transient improvement in his oxygen saturation;
however, he again started to have severe desaturations.

Vasopressin was started. Baby developed severe hypona-
tremia, hence had to be stopped immediately. High ventilator
settings were continued for the baby. Repeat echo done on day
28 of life while he was on NO showed pulmonary hyperten-
sion, large PDA (with right to left shunt), atrial septal defect
secundum (ASD) II, so there was shunt reversal.

Repeat chest X-ray was done in view of clinical worsen-
ing, showing severe pulmonary interstitial emphysema (PIE)
picture, honey-comb appearance and cystic changes as shown
in Figure 3.

A karyotype was performed and cytogenetics study by
karyotyping showed an abnormal male chromosome comple-
ment with a non-disjunction trisomy of chromosome 21 in all
the metaphase cells studied.

The opinion of the pulmonologist was taken, who advised
us to conduct genetic tests considering the possibility of a mu-
tation in the surfactant genes. Subsequently, the genetic test
results revealed a novel variant p.(His391Arg) in the BMPR 1B
gene, as shown in Tables 1. His other investigations includ-
ing blood counts, creatinine, urea and liver function tests were
normal. However, his CRP was positive. There was no growth
seen in blood and respiratory culture, as shown in Table 2.

Genetic test official report with impression

Sequencing of the coding regions and splice sites of the 58
genes associated with the condition identified a heterozygous
variant of uncertain significance in BMPR1B. In variant de-

Gene Variant Zygosity Parent of origin  Disease Inheritance Classification
BMPRI1B c.1172A>G Heterozygous  Unknown Heritable pulmonary ~ Autosomal dominant Uncertain
NM 001203.3  p.(His391Arg) arterial hypertension
Acromesomelic Autosomal recessive
dysplasia
Brachydactyly Autosomal dominant
Table 2. Lab Investigations
WBC Hb Plt ANC CRP Cr ALT ALP Alb TP GIlb Urea Blood culture Respiratory culture
Day1l 122 145 234 7.1 1.1 0.7 - - - - - 45 No growth No growth
Day7 11.7 12.7 127 8.4 228 0.5 - - - - - No growth No growth
Day 37 143 104 413 11.7 84 03 10 454 3 59 29 9 No growth No growth

Urea is expressed in mg/dL. WBC: white blood count (x 10 raised to 3/uL); Hb: hemoglobin (g/dL); Plt: platelets (x 10 raised to 3/uL); ANC: absolute
neutrophil count (x 10 raised to 3/uL); CRP: C-reactive protein; Cr: creatinine; ALT: alanine transaminase (U/L); ALP: alkaline phosphatase (U/L); Alb:

albumin (g/dL); TP: total protein (g/dL); Glb: globulin (g/dL).
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Figure 3. Chest X-ray showing severe pulmonary interstitial emphy-
sema picture, honey-comb appearance and cystic changes.

tails, it was mentioned that the p.His391Arg missense variant
in the BMPR1B gene has not been previously reported in in-
dividuals with disease and is absent from the large population
studies such as the gnomAD and the GME variome database.

Initial brain ultrasound (US) done soon after admission
was normal. Follow-up brain US done later showed persistent
periventricular flaring and otherwise there was no evidence of
any intracranial bleed or hydrocephalus.

The baby in our case remained critical and unfortunately
passed away on day 43 of life. No autopsy was performed.

Discussion

In summary, our case involves a neonate born at 29 weeks
via emergency C-section and subsequently transferred to the
NICU due to respiratory distress. The ventilation mode was
upgraded from non-invasive to mechanical ventilation, with
minimal improvement despite administering two doses of sur-
factant. An echocardiogram (ECHO) revealed a PDA initially
exhibiting left-to-right shunting, which later reversed to right-
to-left shunting. Persistent pulmonary hypertension ensued
and progressed to a severe form despite treatment with NO
and sildenafil.

Karyotyping confirmed trisomy 21, and a custom gene
panel (whole exome sequencing) revealed a novel mutation,
p-His391Arg missense variant, in the BMPR1B gene. Notably,
this mutation has not been previously reported in individuals
with the disease and is absent from large population databases
such as the gnomAD and the GME variome database.

PPHN represents a severe complication associated with
several neonatal respiratory disorders, leading to adverse
outcomes such as asphyxia, chronic lung disease, neurode-
velopmental sequelae, and mortality. Despite the application
of advanced therapeutic approaches such as high-frequency
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oscillatory ventilation, inhaled NO, and extracorporeal mem-
brane oxygenation, PPHN remains challenging [7, 8]. While
primary causes include factors like chronic hypoxia, meconi-
um aspiration syndrome, birth asphyxia, sepsis, infection, and
respiratory distress syndrome, there is a growing acknowledg-
ment of a genetic contribution to PPHN [8-10].

Our premature baby, born at 29 weeks of gestation, expe-
rienced escalating respiratory distress. Initially diagnosed with
hyaline membrane disease based on X-ray findings indicating
reduced lung volume and increased broncho-vascular markings,
along with an increasing FiO, requirement, the infant received
four doses of surfactant. Despite these interventions, persistent
desaturation and a high FiO, requirement persisted. The pre- and
post-ductal oxygen saturation exhibited a difference exceeding
10. Initial ECHO revealed moderate pulmonary hypertension.
In response to ongoing desaturation and evidence of pulmonary
hypertension, NO was initiated at 20 ppm, initially showing im-
provement in oxygen saturation, but the response was transient,
with continued desaturations. Considering the possibility of ge-
netic surfactant abnormalities, a genetic study was conducted,
revealing a mutation in the BMPRIB gene.

PAH in BMPR1B mutation

Based on clinical classification, WHO group 1 PAH includes
sporadic disease (IPAH), HPAH, and association with certain
medical conditions (associated PAH) [11]. Variants identi-
fied in known PAH risk genes were classified as pathogenic,
likely pathogenic, or of uncertain significance according to the
American College of Medical Genetics and Genomics guide-
lines [1].

Familial cases of PAH have been long recognized, and
are usually inherited as autosomal dominant traits with incom-
plete penetrance; females are preferentially affected. HPAH
accounts for about 6% of PAH cases [1]. HPAH is inherited in
an autosomal dominant fashion with 10-20% penetrance and
affects females approximately twice as often as males [3].

A genetic predisposition can lead to the rare disease PAH.
Most mutations have been identified in the gene BMPR2 in
HPAH [12].

Mutations in ALK-1, ENG, SMAD4 and SMADS, other
TGF-B family members, are additional rare causes of PAH [8].

In an article published in 2012, in the Circulation Jour-
nal, the authors identified two novel mutations in BMPR1B
in two patients with IPAH [3], two BMPR 1B missense muta-
tions in two independent probands with IPAH. In proband A,
c.479 G>A p.S160N was identified. In proband B, ¢.1176 C>A
p-F392L was identified [3].

In a study published in 2003, the authors found that an-
giopoietin-1 down-regulates steady-state levels of BMPRI1A
mRNA and protein in subcultured human pulmonary arteriolar
endothelial cells. These results unite nonfamilial primary pul-
monary hypertension and multiple forms of secondary pulmo-
nary hypertension by demonstrating that they have a similar
pattern of aberrant gene expression and suggest that pulmonary
hypertension may occur through a molecular cascade whereby
angiopoietin-1 ultimately down-regulates steady-state levels
of BMPRIA [13].
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Acromesomelic dysplasia in BMPR1B mutation

Acromesomelic chondrodysplasias (ACD) are characterized
by shortening and malformation of the limbs, predominantly
the forearms, forelegs, hands and feet, and generally manifest
also with short stature. Inheritance is autosomal recessive. The
majority of the cases result from growth/differentiation factor
5 (GDFY5) variants, and four homozygous variants in BMPR1B
also have been reported in ACD. The first such BMPRI1B
variant is severe and leads to acromesomelic dysplasia type
Demirhan, similar to chondrodysplasia-type Grebe, caused by
biallelic GDFS5 variants [14]. Not homozygous but heterozy-
gous BMPR1B variants are known to cause brachydactyly, ei-
ther type A1 (BDA1D) or type A2 (BDA2) [14].

Brachydactyly in BMPR1B mutation

Heterozygous mutations in the BMPR1B gene have been
identified in persons with hypoplasia/aplasia of their phalan-
ges and disturbance of interdigital joint structures. BMPR1B
mutations have been reported in three German families with
brachydactyly A2 or brachydactyly C with symphalangism-
like phenotypes [15].

In a study published in June 2015, the authors have de-
tected a novel heterozygous mutation substituting arginine at
position 486 of the BMPRI1B gene product [15]. The presence
of a mutation affecting the same amino acid in BMPR1B in this
family, as well as in the previously reported nonrelated German
families raises the possibility of a significant hotspot within the
BMPRI1B gene.Of diagnostic importance for persons present-
ing with BMPR1B-related brachydactyly is a distinct entity
recognizable on a clinical and radiological basis [4].

Learning points

1) To learn that there is a new variant (novel) mutation
(p-His391Arg) in the BMPRIB NM 001203.3 gene and to
promote more research on this gene, its effects and possible
management strategies for aiding in better and survival out-
comes.

2) For any neonate with persistent PAH, not responding to
potent vasodilators like NO and sildenafil, genetic tests should
be done to rule out genetic mutations giving rise to the clinical
condition.

3) Any respiratory distress in prematurity, not responding
to surfactant and ventilation, rules out surfactant protein muta-
tions.

4) The need to evaluate any additional genetic variants in
established genetic syndromes and its unusual phenotypes, if
any.

5) Handling a critical neonate can be very challenging but
it is important to think in all directions to improve outcome,
should have coordinated care among different relevant special-
ties of pediatrics and think outside the box for causes when
even after following guidelines and protocol of treatment, the
baby is not improving.
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