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Abstract:

Neurofibromatosis type 1 (NF1) is an autosomal dominant multi-organ disease. The clinical manifestations
include not only skin lesions and malignant tumors but also lung complications, including pulmonary arterial
hypertension (PAH). However, the association between gene mutations in NF/ and the occurrence of PAH
has not yet been elucidated. We herein report a case of isolated PAH in a 67-year-old woman with NF1, pre-
sumably caused by a novel heterozygous mutation, c.4485_4486delinsAT (p.Lys1496Ter), in the NFI gene.
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Introduction

Neurofibromatosis type 1 (NF1), also known as von
Recklinghausen disease, is an autosomal dominant disease
that causes multiorgan damage. Clinical manifestations in-
clude skin lesions (multiple café-au-lait spots, skinfold
freckling, and neurofibroma), bone dysplasia, learning dis-
abilities, an increased risk of malignancy, and lung compli-
cations, such as pulmonary arterial hypertension (PAH), in-
terstitial lung disease, airway, and plexiform neurofibro-
mas (1). PAH is the life-threatening form of NF1. However,
mutations associated with PAH have not yet been identified.

We herein report a 67-year-old woman who developed
PAH, presumably caused by a novel heterozygous mutation
of ¢.4485_4486delinsAT (p.Lys1496Ter) in NFI gene.

Case Report

The patient was a 67-year-old woman with no family his-
tory of heart disease. She was a nonsmoker with no history
of exposure to organic solvents or drugs associated with
PAH. At 55 years old, she noticed a skin eruption and vis-
ited a hospital. NF1 was suspected because of the presence
of multiple café-au-lait spots and neurofibromas. At 67 years
old, she developed exertional dyspnea and chest pain and
visited the hospital. Echocardiography revealed a high tri-
cuspid regurgitation pressure gradient (TRPG) of 100
mmHg, indicating severe pulmonary hypertension, and she
was admitted to our hospital for a further examination.

Dilation of the internal jugular vein was observed, as well
as a decrescendo diastolic murmur (Levine IV/VI) at the 3“
left sternal border, IIp progression, and 3" and 4" heart
sounds. Multiple café-au-lait spots and neurofibromas were

"Department of Cardiovascular Medicine, Tokushima University Graduate School of Biomedical Sciences, Japan, *Department of Community

and Family medicine, Tokushima University Graduate School of Biomedical Sciences, Japan, *Department of Neurology, Tokushima University
Graduate School of Biomedical Sciences, Japan, ‘Department of Medical Genetics, Tokushima University Graduate School of Biomedical Sci-

ences, Japan, *Department of Cardiology, Yoshinogawa Medical Center, Japan, °Department of Dermatology, Tokushima University Graduate
School of Biomedical Sciences, Japan, "Department of Cardiovascular Medicine, Nephrology, and Neurology, Graduate School of Medicine,

University of the Ryukyus, Japan and *Department of Cardiovascular Medicine, Osaka Metropolitan University Graduate School of Medicine,

Japan

Received: April 9, 2024; Accepted: May 13, 2024; Advance Publication by J-STAGE: July 11, 2024

Correspondence to Dr. Shusuke Yagi, syagi @tokushima-u.ac.jp



Intern Med Advance Publication DOI: 10.2169/internalmedicine.3856-24

Figure 1.
younger grandchild of the patient.

Figure 2.
phase; right phase, RV: right ventricle, LV: left ventricle, (C) enhanced CT; red arrows indicate a
cystolic lesion in the lungs; (D, E) enhanced CT, PA: pulmonary artery, CT: computed tomography

detected on the chest, abdomen, and back (Fig. 1A, B).
Blood test results showed increased B-type natriuretic pep-
tide (BNP, 491 pg/mL) and no elevated collagen disease-
related antibody levels. Twelve-lead electrocardiography
showed right axis deviation with a high R wave in VI and
negative T waves in V1-4, suggesting right ventricular (RV)
overload. (Fig. 2A). Echocardiography revealed an enlarged
RV compressing the left ventricle with a high TRPG of 93
mm Hg (Fig. 2B). Congenital cardiac shunts were not ob-
served. Enhanced computed tomography (CT) showed an
enlarged diameter of the main pulmonary artery, larger than
that of the ascending aorta, enlarged RV, and diffuse bilat-
eral lung cysts, but no pulmonary embolism (Fig. 2C, D, E).
Ventilation/perfusion lung scans revealed no significant un-
matched perfusion defects. In addition, the perfusion lung
scan showed normal lung perfusion without non-segmental
defects such as “mottled pattern” or “patchy pattern.
Pulmonary function tests showed normal values of forced
expiratory volume 1.0 (80%) and vital capacity (91%) but a

Image of the skin lesions. A, abdomen of the patient; B, back of the patient; C back of the

(A) 12-lead electrocardiography; (B) echocardiography of short-axis view; left, diastolic

decreased diffusion capacity for carbon monoxide (DLco)
(34%). Based on the echocardiographic findings, severe
PAH was suspected. Right heart catheterization confirmed
PAH, with an increased mean pulmonary artery pressure
(mPAP) of 46 mmHg and pulmonary vascular resistance
(PVR) of 11.8 WU, normal pulmonary capillary wedge
pressure of 8 mmHg, and decreased cardiac index of 2.0 L/
min/m’. Vasodilator challenge with 100% oxygen for 10 min
did not affect hemodynamic parameters during right heart
catheterization. The European Society of Cardiology (ESC)/
European Respiratory Society (ERS) risk score at admission
was 2.6 points, indicating a high risk (2).

Intravenous epoprostenol therapy was recommended, but
the patient refused intravenous therapy; thus, oral combina-
tion therapy with 10 mg macitentan and 2.0 mg selexipag
accompanied by home oxygen therapy was initiated. The
mPAP decreased to 40 mmHg, and the BNP level decreased
to 95 pg/mL after 6 weeks of treatment, resulting in an
ESC/ERS risk score of 2.0 points, indicating intermediate
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Figure 3. Family pedigree chart.

risk.

Subsequently, a gene analysis of NFI, NF2, and SPRED
using hybridization capture-based next-generation sequenc-
ing was performed at the Kazusa DNA Research Institute
(Kisarazu, Japan). The analysis revealed that the patient had
a heterozygous c.4485_4486delinsAT (p.Lys1496Ter) muta-
tion in NFI. The variant was not registered in ClinVer_
20210517, dbSNP Build 153, Genome Aggregation Data-
base v3.1, or Integrative Japanese Genome Variation Data-
base (iIJGVD). As the stop mutation occurred in an early po-
sition in the NFI gene, this may have led to truncated
(shorter-than-normal) protein production. The variant was
classified as pathogenic according to the American College
of Medical Genetics and Genomics (ACMG) classification.

We discovered that the patient’s father and older sister
had skin lesions but no cardiopulmonary complications and
had died of cancer at 52 and 66 years old, respectively
(Fig. 3). The patient’s grandchild had café-au lait spots on
the back but no cardiopulmonary disease (Fig. 1C). Genetic
testing had not been performed on the family members of
the patient. The patient continued diuretic and oral vasodila-
tor treatment with macitentan, selexipag, and riociguat while
in New York Heart Association functional classification III.
However, her heart failure symptoms gradually worsened,
and she died 12 months after treatment.

Discussion

We herein report a case of NFI with a novel heterozy-
gous mutation in the NFI gene, c.4485_4486delinsAT (p.
Lys1496Ter). Notably, only the proband presented with PAH
in addition to NFI. Therefore, it can be hypothesized that
pathological variants of NFI contribute to the pathogenesis
of PAH. Nevertheless, the reason for the development of
PAH remains elusive, especially considering that NFI stem-
ming from a pathological variant of the NF/ gene is inher-
ited in an autosomal dominant manner. We cannot exclude
the possibility that familial PAH-related genetic mutations,
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such as those in bone morphogenetic protein receptor type II
(BMPR2), may influence the PAH phenotype. This assump-
tion arises because many PAH cases are attributed to copy
number variants (CNVs) of BMPR2 mutations (3). Such
CNVs, which are beyond the scope of this study, may also
be implicated in PAH pathogenesis. The factors of incom-
plete penetrance in dominant inheritance and phenotypic
heterogeneity may deter other family members exhibiting
skin lesions from manifesting PAH.

NF1-associated complications are age-dependent (4). The
premature death of the patient’s father and sister due to can-
cer suggests that they may not have lived long enough to
exhibit the onset of PAH. Both the patient’s daughter and
grandson presented with skin lesions, hinting at the likeli-
hood of carrying the NFI mutation. This raises concerns
that they might develop PAH in subsequent years. Further-
more, the anticipation phenomenon can trigger an earlier on-
set of PAH than in the proband. Given these observations,
the patient’s family members are deemed to be at high risk
for PAH and warrant thorough PAH assessments, preferably
echocardiography.

PH associated with NF1 is classified as Group 5 PH, de-
fined as
nisms” (2). There have been reports of 31 cases of PAH as-
sociated with NF1 (1); however, the estimated prevalence is
unknown. This heterogeneous classification of PAH occurs
through multiple mechanisms, including gene mutations;
however, the genetic mechanisms underlying PAH associated
with NF1 are not well understood. Basic studies have shown
that NF1+/— mast cells produce TGF-f3, stimulating NF1+/—
fibroblasts to increase collagen production and other extra-
cellular matrix proteins. TGF-f signaling, including BMPR2
or activin receptor-like kinase (ALK), which plays crucial
roles in PAH, may be enhanced in the lung, leading to the
development of PAH in patients with NF1 (5, 6).

NF1, also known as neurofibromin, is a guanosine
triphosphate (GTP) ase-activating protein for Ras. It is
ubiquitously expressed in multiple organ cells and plays a

“PH with unclear and/or multifactorial mecha-
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Figure 4. Presumed mechanism underlying the loss of func-
tion of NF1 that leads to pulmonary hypertension.

downregulating role in Ras-related signalling path-
ways (7, 8). The human NFI gene is located on chromo-
some 17ql11.2 and consists of 57 exons and 4 alternatively
spliced exons spanning 282 kb of DNA (9). Linkage studies
have shown that loss-of-function mutations in the NF/ gene
cause NF1, an autosomal dominant inherited disease charac-
terized by evolving tumors and additional non-tumor mani-
festations (9).

GTPase activity negatively regulates Ras signaling, which
activates phosphoinositide 3-kinase (PI3K) (1). Loss of the
NF1 function leads to the activation of several transcription
pathways, including the mitogen-activated protein kinase
(MAPK) pathway (leading to extracellular-signal-regulated
kinase [ERK] activation) and mammalian target of rapamy-
cin (mTOR) pathway (mediated by activation of the PI3K-
AKT pathway) (10-13). NFI promotes vascular smooth
muscle cell proliferation via activation of the Ras-MAPK
signal transduction pathway, and mutations in NFI lead to
vascular remodeling through cell proliferation (1). These
pathways may lead to PAH, neurofibromas, and cancer
(Fig. 4).

Pulmonary function tests showed a remarkably decreased
DLco in the present study, suggesting pulmonary veno-
occlusive disease (14). However, lung CT showed no medi-
astinal lymph node enlargement, centrilobular ground-glass
opacities, or smooth thickening of the interlobular septa, al-
though diffuse bilateral lung cysts were noted. We could not
exclude the existence of early lesions of small veins; how-
ever, diffuse lung cysts of unknown cause might have con-
tributed to the low DLco.

There are no existing data or recommendations regarding
the use of drugs to target PAH in patients with NF1; con-
ventional vasodilators have been used, but patient outcomes
have been reported to be poor (15). One study demonstrated
that 13 of 31 patients died, with a median delay of 24
(range: 5-39) months (15). Notably, the tyrosine kinase in-
hibitor (TKI) sorafenib in a patient with NF1-associated
PAH reportedly improved mild clinical and hemodynamic
parameters, including mPAP and PVR, after three
months (16). Sorafenib is an oral inhibitor of multiple

kinases, including Raf-1, which is a downstream target of
RAS in the MAPK cascade (16). Thus, suppression of Ras
and MAPK cascades with TKI may be a treatment strategy
for NF1-associated PAH in the future.
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