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Abstract
Objective: Screening studies have established genetic risk profiles for diseases such as multiple
endocrine neoplasia type 1 (MEN1) and pheochromocytoma-paraganglioma (PPGL). Founder effects
play an important role in regional/national epidemiology of endocrine cancers, particularly PPGL.
Founder effects in the Netherlands have been described for various diseases, some of which
established themselves in South Africa due to Dutch emigration. The role of Dutch founder effects in
South Africa have not been explored in PPGL.
Design: We performed a single-center study in South Africa of the germline genetic causes of
isolated/syndromic neuroendocrine tumors.
Methods: Next-generation panel and multiplex ligand-dependent probe amplification for endocrine
neoplasia risk genes.
Results: From a group of 13 patients we identified six with PPGL, four with sporadic or familial
isolated pituitary adenomas (FIPA), and three with clinical MEN1; genetic variants were identified in
9/13 cases.

We identified the Dutch founder exon 3 deletion in SDHB in two apparently-unrelated

individuals with distinct ethnic backgrounds that had metastatic PPGL. Asymptomatic carriers with
this Dutch founder SDHB exon 3 deletion were also identified. Other PPGL patients had variants in
SDHB, SDHD and three MEN1 variants were identified among MEN1 and young-onset pituitary
adenoma patients.
Conclusions: This is the first identification of a Dutch founder effect for PPGL in South Africa.
Awareness of the presence of this exon 3 SDHB deletion could promote targeted screening at a local
level. Insights into PPGL genetics in South Africa could be achieved by studying existing patient
databases

for

Dutch

founder

mutations

in

SDHx

genes.
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Introduction
The role of germline genetic factors in neuroendocrine/endocrine neoplasias has advanced
significantly in recent decades with the identification of novel genetic causes for inheritable isolated
and syndromic tumors. This is particularly true in the case of pheochromocytomas and
paragangliomas (PPGL) (1). These neuroendocrine tumors produce symptoms due to the synthesis
and release of bioactive amines, neurotransmitters and hormones and about twenty new germline and
somatic genetic factors have been discovered in recent decades (1). Among the best characterized
genetic causes of PPGL are pathological variants involving genes encoding succinate dehydrogenase
(SDH) subunits, SDHA, SDHB, SDHC, SDHD and SDHAF (collectively referred to as SDHx).
Disruption by mutation or epimutation of SDHx genes leads to a state of cellular pseudohypoxia due
to abnormal regulation of the Krebs cycle, accumulation of cancer inducing metabolites and
subsequent activation of multiple targets of HIF1alpha. SDHx germline pathological variants are a
major cause of familial disease, and SDHB accounts for about 10% of familial cases and have a
relatively high risk of metastasis.
Genetic testing regimes are in place internationally for the diagnosis and characterization of genetic
forms of PPGL. National datasets have identified high prevalences of particular pathological SDHx
variants in defined geographical regions due to founder effects. For instance, endemic disease due to
a p.Tyr114Cys SDHD variant in the Mocheni valley close to Trentino, Italy was found to originate
from a common, probably Germanic founder 600-700 years previously (2). Other founder effects
have been reported in SDHx genes in Spain, Portugal, Quebec-Canada (3, 4, 5). The strong influence
of highly prevalent founder SDHx mutations on the national epidemiology of PPGL is well typified by
the experience of the Netherlands (6). In a large national survey (n=1045 DNA samples), Hensen et
al reported that among 690 cases/carriers with a mutation in SDHx genes, a full 89% had one of six
Dutch founder mutations (7).

In the Netherlands the SDHD founder mutation, c.274G>T and

p.Asp92Tyr, accounted for almost 70% of all SDHx carriers/cases (7). SDHB mutations play a
concomitantly lower role in the epidemiology of PPGL in the Netherlands, although SDHB founders
have also been described there (8). In that study Bayley and colleagues reported nine apparently
unrelated Dutch patients that all had an exon 3 deletion (c.201-4429_287-933del; p.Cys68HisfsX21).
The patients had extra-adrenal and head and neck paragangliomas, pheochromocytomas and pituitary
adenomas; only one had a family history of PPGL (8). All nine patients shared haplotypes around
SDHB and had identical breakpoint sequences, proving a common founder.
While founder effects can lead to an elevated regional/national prevalence of a particular SDHx
mutation among PPGL cohorts, such individuals can “seed” new geographic foci in line with patterns
of population expansion and emigration. From the late 16th century, Dutch exploration and trade led
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to the establishment of settlements and colonies throughout Asia, Africa and the Americas. In South
Africa, a number of genetic diseases in the population have been tied to founder effects derived from
early settlers from the Netherlands (9). Whereas other founder effects are well established in South
Africa and most PPGL in the Netherlands are accounted for by founder SDHx mutations, to date no
Dutch founder effect has been demonstrated in PPGL patients in South Africa. Indeed, there is a
general paucity of genetic risk information for PPGL and other endocrine related cancers throughout
sub-Saharan Africa (10, 11, 12). As part of a two-year collaborative study, we examined the genetic
causes of different endocrine and neuroendocrine tumors in a single center in South Africa. We
identified multiple individuals with genetic forms of endocrine tumors, including two apparently
unrelated individuals with the Dutch founder SDHB exon 3 deletion.
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Patients and Methods
The study population consisted of patients under the care of the author DMG in Johannesburg, South
Africa (DG) with diagnoses of aggressive or familial neuroendocrine tumors. For inclusion patients
had to have a clinical or family history consistent with the following syndromes: MEN1, MEN2,
MEN4, McCune-Albright syndrome, Carney complex, familial isolated pituitary adenomas (FIPA),
familial isolated hyperparathyroidism (FIHP). Patients with sporadic or syndromic PPGL, or early
onset pituitary adenomas (<30 years) were also eligible for inclusion.

Genetic studies were

undertaken using genomic DNA from the index cases. When a pathological variant in a potential risk
gene for PPGL was found, genetic testing of potential carriers in the family was also offered. Family
enquiries regarding geographic origins were undertaken.
Genetic studies utilized a combination of panel based NGS and Sanger sequencing for genes of
interest: MLPA was used to assess for the presence of whole or partial gene deletions. The panel of
genes assessed included: AIP, MEN1, CDKN1B, SDHA, SDHB, SDHC, SDHD, SDHAF2, VHL, and
RET and MAX. The following SALSA MLPA (MRC-Holland) were used for MLPA analyses: P244,
P016, P429, P226. Next generation sequencing was amplicon-based. Briefly, all the coding exons of
each gene were amplified during a first PCR with specifically designed primers in four multiplex
PCRs. A second PCR was performed to incorporate the molecular identifiers and adaptors in the
generated fragments. The amplicons were quantified and pooled and run on a Miseq Sequencer
(Illumina).
Breakpoint sequencing
For each patient presenting a deletion of SDHB exon 3 on the P226 MLPA, a specific PCR was
performed using the following primers:
SDHB-delE3F: GTAATCCCAACATTCTGAGAGG
SDHB-delE3R: TTAAAGCCACTGTTATTTGAAC
The primers were checked for the presence of common SNPs and were blasted.

The primers

hybridize at intron 2 (between exon 2 and 3) and at intron 3 (between exon 3 and 4). This design
allows a PCR amplification only in patients with the deletion, and generates a 262bp fragment.
Sequencing was performed on an ABI 3500XL and data analysis was performed with Seqpilot 3.5.2
and Seqnext 4.3.1 (JSI Medical systems)
Ethics Approval
The study was approved with the Ethics Committee of the University of Liège, Belgium and the
University of the Witwatersrand, South Africa. All patients and relatives provided informed written
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consent.
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Results
Assessment of clinical characteristics in the study center population identified 13 index individuals
that met the inclusion criteria and underwent genetic studies (Table 1). There were six index patients
with PPGL identified at the study center. Of these, two had a positive family history, the rest were
clinically sporadic. In five of the six index cases a pathological genetic variant was discovered by
NGS/Sanger screening: four patients had an SDHB pathological variant, another had an SDHD
variant. For SDHB, two unrelated patients P06 and P07 carried the heterozygous c.201-4429_287934del (p.Cys68Hisfs*22), a class 5 pathogenic variant. This variant leads to a large deletion of
approximately 7.9 kilobases, encompassing exon 3 of SDHB and causes a frameshift and premature
stop codon 22 amino acids downstream in exon 4. P07 had an extra-adrenal paraganglioma that
recurred with metastases post operatively. The variant was not present in the mother and one child of
patient P07 (two other unaffected children carried the variant); P07 had two brothers who died of
PPGL previously and a sister who had been diagnosed recently with PPGL in another country.
Patient P06, who has a metastatic pheochromocytoma from a young age (Figure 1), had no family
members who wished to undergo screening
The SDHB exon 3 deletion c.201-4429_287-934del was originally described as a Dutch founder
mutation. Given the established role of Dutch founder mutations in the causation of inherited diseases
in South Africa, we hypothesized that the SDHB exon 3 deletion might similarly be due to a founder
effect. P06 and P07 shared no known family links, with P06 coming from the historical multiracial
ethnic group characteristic of the Western Cape and elsewhere (14, 15). P07 is from an Afrikaner
family. On discussion with the affected individuals regarding their geographical origins, no common
place or person was identified and searches of church or other records for such links was not feasible
due to lack of information. We sequenced the breakpoints around the SDHB exon 3 deletion in a
known carrier of this change from the Netherlands. Thereafter we sequenced the breakpoints of the
exon 3 deletion in P06 and P07. As seen in Figure 2, the exon 3 deletion breakpoints were identical in
the patients from the Netherlands and South Africa, which strongly links the cases reported here to the
established Dutch founder.
P13 was a clinically sporadic case that had a single neck paraganglioma, who was found to carry a
c.423+1G>C probably pathological splice site variant. Interestingly, a G>A change at the same
position has been described as a founder mutation in the Netherlands; this abolishes the consensus
splice donor sequence and moves the normal splice site into exon 4, thereby deleting 18 amino acids
(13). Patient P14 carried a c.287G>A (p.Gly96Asp) class 4 variant in SDHB, which was also present
two nieces that were affected with paragangliomas and renal cell carcinoma; her unaffected son was a
carrier. P05 who had a bilateral carotid body paraganglioma and right sided pheochromocytoma
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(Figure 3) was found to have a pathological c.337_340delGACT SDHD variant that leads to a
predicted p.Asp113Metfs*21 change at the protein level.
Three patients were identified that presented clinically with MEN1. Of these, two had MEN1 variants
on sequencing of MEN1, whereas one patient with a pituitary microadenoma, parathyroid hyperplasia
and adrenal adenomas was negative for all genetic studies.

The two MEN1 variants were the

truncating variant p.Thr210Serfs*13, which has been widely identified in MEN1 cohorts, and the
other was a c.824+5G>A change that is considered to be a VUS3 based on its rarity and on in silico
prediction of affecting splicing. Among the four pituitary patients, two had FIPA, and two were
sporadic. One of the sporadic patients had a large, aggressive prolactinoma at a young age (Figure 3)
and was found to have a c.1618C>T; p.Pro540Ser change in MEN1, which has conflicting clinical
significance. Among the other patients, no sequence or MLPA changes were seen, including in one
patient with young onset acromegaly and a large irregular café au lait macule who also had negative
digital droplet PCR for mosaic GNAS mutations underlying McCune Albright syndrome (16).
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Discussion
Genetic studies are playing a growing role in the clinical investigation and management of various
cancers in the developed world. This is true for endocrine neoplasias like PPGL, where a large
number of new target genes have been identified recently (17).

In the developing world,

technological and budgetary constraints conspire to limit greatly the availability and use of clinical
genetics, thereby hindering optimal management.

For example, in sub-Saharan Africa, there is

significant and growing cancer burden but a relative dearth of information about underlying genetic
risk profiles among highly heterogeneous populations (18). In South Africa there is the added
complexity of large numbers of individuals with European, Asian and mixed heritage in addition to
different Black populations.

Therefore, the identification of existing genetic risks in European

populations and elsewhere is relevant in South Africa. For endocrine neoplasias in particular, the
identification of potentially inheritable PPGL risk genes is of clear clinical importance as large-scale
screening in Europe has revealed enrichment of certain mutations (SDHx) among subpopulations
(geographic, religious, cultural, ethnic), leading to endemic PPGL genetic risk profiles (2, 7). When
carriers emigrate from areas of endemic genetic disease to new regions they can act as founders of
new foci of genetic risk.
In this study we found a new Dutch founder effect in South Africa, due to the presence of a
characteristic SDHB exon 3 deletion causing familial and sporadic PPGL. This exon 3 deletion in
SDHB was first described in the Netherlands by Bayley et al (8). In that study they described nine
apparently unrelated Dutch patients with sporadic PPGL and performed breakpoint analysis at the
deletion; all nine had the same sequencing findings. Using an identical approach, we demonstrated a
1.6 kB PCR product in the two South African PPGL cases and in a known Dutch carrier of the exon 3
SDHB deletion. Sequencing of the breakpoints in the South African cases and in the Dutch case was
identical. This finding is unlikely to have occurred due to a mutational hotspot. As noted by Bayley
et al, the downstream breakpoint is not located in an Alu repeat region and there are no other features
that would make this a likely region for a hotspot (8).
Previous studies in the Netherlands and among populations of Dutch origin worldwide provide some
of the best examples of the importance of founder effects in genetic diseases. The Netherlands
exemplifies the role of geographic and cultural factors in the establishment and subsequent
enrichment of pathological genetic variants in their population (9). Study of Dutch founder mutations
has shown that some arose within culturally, geographically and family-determined genetic isolates
within the Netherlands. As religious and cultural limitations loosened in the 20th century and the
Dutch population increased, these founder mutations came to play an important role nationally in
genetic disease epidemiology (9). PPGL genetics is a good example of this. The overwhelming
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majority of PPGL in the Netherlands are derived from specific SDHD mutations, particularly
c.274G>T and c.416T>C (6). Indeed, nearly 89% of all SDHx carriers in the Netherlands have one of
six founder mutations in SDHD, SDHB and SDHAF; the SDHB Exon 3del is one of these (6, 7, 19).
Emigration of Dutch settlers to colonies in South Africa, the Americas and elsewhere led to the
establishment of new concentrations of carriers of founder mutations in various genes. In South
Africa, numerous well described examples of Dutch founder effects in diseases related to
hypercholesterolemia, porphyria have even revealed the likely identity of the founder centuries
before. The current study strongly suggests that an SDHB founder mutation might similarly be
playing a role in PPGL pathophysiology in South Africa.
The penetrance of SDHB mutation related PPGL is variable (25-75%); data from large kindreds
suggest that even the low end of this range may well be a significant over-estimate (20). This low
penetrance would explain the lack of a recognized family history of PPGL in patient P06, which
echoes the sporadic presentation of the nine Dutch PPGL patients in the original report of the SDHB
exon 3 del founder (21). Identification of this founder effect in South Africa is clinically relevant, as
the patients and families affected in this study had an aggressive phenotype. Further study of
previously identified patients with PPGL in South Africa could provide more information on the
relative frequency of the exon 3 deletion SDHB founder mutation (10, 22, 23).
Other genetic causes of PPGL in the current study include a truncating SDHD c.337_340delGACT
(p.Asp113Metfs*21) change in a sporadic male of Indian origin with bilateral head and neck
paraganglioma and a pheochromocytoma. This pathological variant had been identified in various
sporadic and familial PPGL cohorts from Asturias (Spain), India and the Netherlands (7, 24, 25).
Another patient with a European Jewish background had a family history of PPGL in two nieces and
all three shared the same c.287G>A (p.Gly96Asp) SDHB change; this missense change was
previously reported in the United States and elsewhere (26, 27, 28). Among the patients with
presentations typical of MEN1, in two cases previously identified MEN1 variants were identified in
germline DNA. In the patients with FIPA or isolated aggressive pituitary adenomas, no variants in
AIP were seen, which is in keeping with the known genetic epidemiology of these populations (29).
One aggressive prolactinoma was noted in a young patient who had a variant of unknown significance
in MEN1; there is a known association between MEN1 variants and young onset pituitary adenomas
(30).
The study has a number of limitations. As a small single center cohort, we cannot determine the
overall structure of the genetic risk profile for endocrine neoplasias, including PPGL in South Africa
as a whole, similar to previous genetic studies on this topic in South Africa (10, 11, 12, 23). Hence, it
remains to be proven in larger series whether the SDHB Exon 3 del mutation plays a major role in
PPGL risk nationally in South Africa. Also, the limited study size means that the potential presence
10
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in South Africa of other important Dutch founder SDHx mutations, particularly SDHD c.274G>T,
remains to be established. Similarly, the presence of SDHB Exon 3 del in other Dutch emigrant
populations will need to be specifically addressed.
In conclusion, this two-year study of endocrine neoplasia population at single center in South Africa
identified multiple patients with MEN, PPGL and pituitary adenomas with clinically-actionable
genetic variants. In particular, we identified for the first time the presence of the known Dutch
founder SDHB Exon 3 del mutation among apparently unrelated PPGL patients in South Africa. This
extends the acknowledged role of Dutch founder mutations in disease into the field of inherited
neuroendocrine tumors, including pheochromocytomas and paragangliomas.

Wider screening

programs of PPGL patients in South Africa could help to ascertain the relative importance of this and
potentially other SDHx gene founder mutations derived from historical Dutch emigration.
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Legends
Table 1. Clinical details of South African patients with endocrine neoplasia.
Figure 1. Imaging and pathology images in patient P06 with the Dutch founder exon 3 deletion of
SDHB. CT (A) and PET-CT images showing metastatic deposits of pheochromocytoma in the pelvic
and iliac regions.

High-power (C) and low-power (D) H&E staining images of metastatic

pheochromocytoma deposits in the iliac and peri-vesicular lymph nodes at presentation.
Figure 2. Sequences and MLPA results in two South African individuals with the Dutch founder
exon 3 deletion in SDHB (Panel A, B). The identical control sequence from an established carrier of
the Dutch founder exon 3 SDHB deletion is shown in Panel C.
Figure 3. Panel A shows CT of patient P05 with bilateral carotid body paraganglioma due to a
pathogenic germline SDHD variant (c.337_340delGACT; p.Asp113fs). Panel B shows a coronal MRI
image at diagnosis of a sporadic pituitary macroadenoma (prolactinoma) in patient P05 with a MEN1
variant (c.1618C>T; p.Pro540Ser).
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Patient
Number
MEN
Syndromes
P01

Sex

Age
(years)

Tumors

Family cancer history

Genetic result

F

48

Colorectal carcinoma,
astrocytoma, liposarcoma

No pathological variants on panel
or MLPA

P02

F

23

None

P03

M

40

Adrenal adenomas, pituitary
microadenoma, parathyroid hyperplasia
(2 glands)
Pituitary macroadenoma (prolactinoma);
Parathyroid hyperplasia (3 glands);
Multiple pancreatic NET
Hyperparathyroidism (multiple gland)

MEN1
c.628_631delACAG
p.Thr210Serfs*13
MEN1
c.824+5G>A VUS3

PPGL
P05

M

33

Bilateral carotid body paraganglioma,
right sided pheochromocytoma

None

P06

F

16

Metastatic malignant
pheochromocytoma

None

P07

F

35

Metastatic paraganglioma

P12

F

16

Pheochromocytoma

Two brothers died from
pheochromocytoma, one
sister PPGL. Two
unaffected children are
carriers.
None

P13

F

40

Neck paraganglioma

None

P14

F

45

Cardiac paraganglioma

Two nieces with
paraganglioma,
paraganglioma +renal cell
cancer. One unaffected
child is a carrier.

Mother with clinical
MEN1

SDHD
c.337_340delGACT
p.Asp113fs
SDHB
c.201-4429_287-934del
(p.Cys68Hisfs*22
Exon 3 deletion
SDHB
c.201-4429_287-934del
(p.Cys68Hisfs*22
Exon 3 deletion
No pathological variants on panel
or MLPA
SDHB
c.423+1G>C
Splice site pathological variant
SDHB
c.287G>A
p.Gly96Asp

Pituitary
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P04

F

28

P21

M

25

P22

F

Mid-teens

P23

F

20’s

Pituitary macroadenoma (prolactinoma),
resistant to dopamine agonists;
neurosurgery (x2)
Acromegaly (macroadenoma, resistant
to somatostatin analogs); café au lait
macule

None

Prolactinoma (macroadenoma) that
responded to cabergoline; in early 20’s
developed acromegaly (microadenoma)
Prolactinoma (microadenoma); low
bone mineral density; dysembryoplastic
neuroepithelial tumor

FIPA (first cousin
macroprolactinoma)

MEN1
c.1618C>T
p.Pro540Ser
No pathological variants on panel
or MLPA. Digital Droplet PCR
negative for GNAS mosaic
mutations
No pathological variants on panel
or MLPA

FIPA (unknown adenoma
subtype)

No pathological variants on panel
or MLPA

None

Table 1. Characteristics of the study population.
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