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Summary

Familial paraganglioma syndrome type 1 (PGL-1) is maternally imprinted, caused by SDHD mutations on the paternally 
inherited allele, and presents with paragangliomas and pheochromocytomas that are usually benign. We describe a 
kindred with a germline c.57delG SDHD mutation that demonstrates an aggressive and possibly expanded phenotype. 
Eight individuals across four generations were heterozygous for the c.57delG SDHD mutation. The three with known 
paternal inheritance were clinically affected. The aggressive phenotype was manifested by a neck paraganglioma 
with distant metastases, and to a lesser degree a neck paraganglioma infiltrating into local connective tissue and a 
pheochromocytoma presenting at age 8 y. A pulmonary capillary hemangioma may expand the SDHD phenotype. We 
conclude that the c.57delG SDHD mutation may confer a more aggressive and possibly expanded phenotype than other 
SDHD mutations.
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Learning points:

••  The c.57delG SDHD mutation may confer a more aggressive phenotype than other mutations associated with 
familial paraganglioma syndrome type 1.

••  A capillary hemangioma, a component of other pseudohypoxia states, was observed in the lung of a single 
member of the c.57delG SDHD kindred.

••  This report supports the hypothesis of others that mutations found near the beginning of the SDHD open reading 
frame are more likely to demonstrate an aggressive phenotype.

Background

Pseudohypoxia is a state of dysregulated cellular respiration 
that contributes to the hypoxic phenotype in the absence 
of hypoxemia. The pseudohypoxia state is caused by 
germline mutations in SDHB, SDHD, SDAF2, SDHC, VHL, 
NF1, HIF1/HIF2A, and IDH1/IDH2, and the phenotype is 
manifested by pheochromocytomas and paragangliomas 
(1, 2, 3). SDHD mutations cause the PGL-1 syndrome that 
is maternally imprinted and presents with sympathetic 
and parasympathetic paragangliomas of the head, neck, 

thorax and abdomen, and with pheochromocytomas (4, 
5). We describe a kindred with a germline c.57delG SDHD 
mutation with an aggressive and expanded phenotype. 

DNA analysis

Germline DNA testing of the index subject was performed 
at Boston University School of Medicine, Center for 
Human Genetics CLIA approved-laboratory by Sanger 
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sequencing. Fluorescence labeled PCR primers in exon 
flanking regions were used to amplify and sequence SDHD 
in both directions revealed germline DNA sequencing. 
Results revealed a c.57delG SDHD mutation (Fig. 1). Nine 
other related family members underwent similar testing 
using single-site analysis for the c.57delG mutation at 
Baylor Genetics/Baylor College of Medicine, and SDHD 
sequence analysis and deletion/duplication testing at 
Invitae. A DNA sample from the proband was included as 
a positive control. Results revealed seven individuals with 
the same mutation (Fig. 2).

Case presentations
Index subject (Subject III-1)

The index subject was a male who presented at age 23 
years with bilateral Shamblin III carotid body tumors that 
measured 2.5 × 1.3 × 3.5 cm on the left and 2.67 × 1.3 × 3.9 
cm on the right. He was treated with surgical debulking 
followed by external beam radiation. 

At age 31 years, he was found to have multiple and 
diffuse lung metastases that were <5 mm, confirmed 
by biopsy, and both were meta-iodobenzylguanidine 
(MIBG) and 111In-pentetreotide avid. These were treated 
with Gemcitabine, high dose In-111-Octreotide, 100 mCi 
I-131-MIBG and four cycles of Cytoxan, Vincristine and 
Dacarbazine. Following these therapies, the metastases 
have remained stable through the present (50-year-old). 
Germline DNA analysis described below was performed 
at age 32 years. 

At age 33 years, a 3.8 cm right pheochromocytoma 
and 2.6 cm left pheochromocytoma were identified. 
Prior to resection, on two separate occasions, the 
plasma normetanephrine concentration was 16.9 
and 14.2 nmol/L (nl < 0.9 nmol/L), and the plasma 
metanephrine concentration was normal. Following 
bilateral adrenalectomy, the plasma normetanephrine 
concentration normalized. 

At age 34 years, a 0.1 mm diameter pulmonary 
capillary hemangioma was found on transtracheal lung 
biopsy that was performed to evaluate shortness of breath. 
This diagnosis was confirmed by pathology findings on 
H&E staining (Fig. 3A), positive staining with factor A and 
CD34 (Fig. 3B), and negative staining with S100 and actin. 
From age 34 years through the present (50-year-old), the 
serum calcitonin concentration has been repeatedly 
elevated (mean = 20.1 ng/L; range = 12–32; nl = 0–7.5). 

Neck MRI scans performed approximately every 
18–24 months to confirm stability of size of the neck 
paragangliomas have not identified any thyroid masses.

Subject III-4

Subject III-4, the genetically affected sister of the index 
subject, presented at age 37 years with a Shamblin II right 
carotid body tumor measuring 2.1 × 1.7 × 1.3 cm with 
infiltrative growth into adjacent soft tissue, a Shamblin 
I left carotid body tumor measuring 1.4 × 1.2 × 2.4 cm, 
and a Shamblin I left glomus vagal tumor extending 
to the base of the skull and measuring 4.1 × 2.2 by 1.8 
cm. She underwent embolization of the glomus tumor, 
followed by resection of both the glomus tumor and 
the carotid body tumors. Although the right carotid 
body tumor showed low mitotic activity, the infiltrative 
border composed of ribbon-like cords that invaded the 
surrounding connective tissue. This invasive disease was 
treated with external radiation. She is currently being 
monitored for any progressions of her disease. There has 
been no recurrence of her neck paragangliomas. Eleven 
years following radiation, serum calcitonin concentrations 
have remained normal, and she has not developed a 
pheochromocytoma.

Subject IV-3

Subject IV-3, the genetically affected son of the index 
subject, presented at age 8 years with a 2 cm right 

Figure 1
Chromatogram Demonstrating the Heterozygous 
c.57delG SDHD Mutation of the Index Subject 
(III-1). Whole blood DNA was sequenced by 
Sanger sequencing at Boston University School of 
Medicine, Center for Human Genetics CLIA 
approved-laboratory. The arrow indicates the 
c.57delG. The c.57delG SDHD mutation predicts 
that amino acid 20 is changed from a leucine to 
cysteine, that the downstream amino acids are 
changed, and that a new stop codon at amino 
acid position 66 will end protein translation.
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pheochromocytoma that was treated with adrenalectomy. 
At age 20 years, he developed a 1.8 cm neck mass that 
enhanced on MRI scan with Gadavist intravenous 
contrast and is located between the left internal carotid 
artery and the left internal jugular vein. This is likely a 
paraganglioma.

He is currently being monitored for any progression 
of his disease.

Subject I-2

Subject I-2, the paternal grandmother of the index subject, 
was a known carrier of the c.57delG SDHD mutation. 
By history, she had bilateral paragangliomas and lived  
over 95 years.

Discussion

This report describes a PGL-1 kindred with an aggressive 
and possibly expanded phenotype caused by a c.57delG 
SDHD mutation. The c.57delG SDHD mutation predicts 
that amino acid 20 is changed from a leucine to cysteine, 
that the downstream amino acids are changed, and that 
a new stop codon at amino acid position 66 will end 
protein translation.

The PGL-1 phenotype is generally not aggressive. 
The risk of malignant paraganglioma is reported to 
be <10% (6, 7), the average age of onset is 30.6 years 
(range from 5 to 60 years) (5), and the prevalence of 
pheochromocytoma is 29% (8). In contrast to the 
expected PGL-1 benign phenotype, this PGL-1 kindred 
demonstrated unusually aggressive paragangliomas. This 
is indicated by metastatic disease (III-1) and possibly by 
the infiltrative neck paraganglioma requiring external 
radiation and onset of pheochromocytoma at a young 
age. A review of the literature reveals only one other 
documentation of the c.57delG SDHD mutation (9, 
10). At age 19 years, this individual was evaluated for 
a stomach gastrointestinal stromal tumor. He also had 
presumed metastatic paraganglioma to the T8 vertebra, 
ileum, abdominal masses and liver lesions as indicated by 
[123I] MIBG uptake (10, 11). Therefore, our experience in a 
single kindred, in combination with the report of another 
individual, suggests that the c.57delG SDHD mutation 
effects a more aggressive phenotype than expected for 
PGL-1.

The findings in this kindred may expand the 
conventional phenotype of PGL-1. In addition to the usual 
paragangliomas and pheochromocytomas, the index 
subject (III-1) had a pulmonary capillary hemangioma. 
Visceral capillary hemangiomas have not previously been 
described in PGL-1. However, these are known components 
of other pseudohypoxia syndromes, including the 
von Hippel–Lindau Syndrome with retinal and spinal 
cord hemangiomas, the polycythemia-paraganglioma-
somatostatinoma syndrome with hepatic hemangiomas, 
and the Maffucci Syndrome with soft tissue hemangiomas 
(2, 12, 13). These disorders are caused by mutations of 
VHL, HIF1/HIF2A, and IDH1/IDH2, respectively (2, 12, 13). 
Pulmonary capillary hemangiomas are exceedingly rare 
in the general population (14). Therefore, the pulmonary 
capillary hemangioma may be a novel component of the 
c.57delG SDHD pseudohypoxia syndrome. 

The significance of the elevated serum calcitonin 
concentration is unknown. Elevated serum calcitonin 
impacts about 2% of people with thyroid nodules, 

Figure 2
The PGL-1 Kindred Carrying the c.57delG SDHD Mutation. The + indicates 
that the subject carries the c.57delG SDHD mutation. The arrowhead 
indicates the index subject (III-1). Filled upper half symbols indicate a 
head/neck paraganglioma, and filled lower half symbols indicate a 
pheochromocytoma. Genetic testing was performed on I-2, II-1, III-1, III-4, 
and all members of generation IV.

Figure 3
H&E, ×200; Capillary Hemangioma of the Lung Parenchyma. The arrow 
points to capillary space and endothelial cell (A). Immunoperoxidase/
CD34, 200; The endothelial marker CD34 is uniformly positive (B).
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and is rarely present in other disorders (15, 16). It 
has been reported to be caused by C-cell hyperplasia 
in PGL-1 (17, 18) and by an islet cell tumor in von 
Hippel–Lindau syndrome (19). C-cells of the thyroid 
and paragangliomas are both embryological derivatives 
of neural crest cells, and neuroendocrine tumors are 
well known to be components of multiple different 
pseudohypoxia syndromes (20, 21, 22). We do not 
know if the hypercalcitoninemia arises from the C-cells 
or is produced by the paragangliomas. Therefore, the 
significance of this finding is unknown. 

It has been suggested that SDHD nonsense and splicing 
mutations that are found near the beginning of the open 
reading frame may predispose to the development of 
paragangliomas and pheochromocytomas at a younger 
age than missense mutations throughout the gene (5, 
6, 23, 24). The earliest reported onset of PGL-1 was a 
5-year-old female with pheochromocytomas who had a 
nonsense mutation at the codon predicting amino acid 5 
of the SDHD gene (5). Consistent with these observations, 
the kindred presented here has a frameshift mutation 
at amino acid 20, and the youngest age of onset is a 
pheochromocytoma at age 8 years. 

It is possible that the aggressive disease and potentially 
expanded phenotype in this kindred is caused by an 
unknown modifier gene and is not due entirely to the 
c.57delG SDHD mutation. It is impossible to exclude this 
possibility without knowledge of potential PGL modifier 
genes. However, since the only other individual in the 
literature with this c.57delG SDHD had aggressive disease, 
it seems most likely that there is a genotype-phenotype 
correlation as opposed to the effect of an unknown 
modifier gene.

Conclusion

We conclude that the c.57delG SDHD mutation may confer 
a more aggressive and possibly expanded phenotype than 
other SDHD mutations. 
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