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Purpose: Pheochromocytoma (PCC) and paraganglioma (PGL) associated with the succinate dehydrogenase 
(SDH) germline mutations are characterized by negative results of immunohistochemistry tests for SDH sub-
unit B (SDHB). Genetic testing for the SDH complex (SDHA, SDHB, SDHC, SDHD, and SDHAF2) is indicat-
ed only in patients with those diseases in whom immunohistochemistry tests for SDHB as a surrogate marker 
to detect the SDH complex mutation yield negative results. Two novel SDHB germline mutations, L157X and 
P236S, in PGL were previously reported. We therefore examined immunohistochemistry testing for SDHB 
in the PGLs with the SDHB germline mutations of L157X and P236S.
Methods: Immunohistochemistry for SDHB was performed in PGLs with the SDHB germline mutations 
of L157X and P236S. Five cases of sporadic PCC were subject to immunohistochemistry testing for SDHB. 
Normal tissue from the adrenal cortex adjacent to the sporadic PCC was used as the external positive con-
trol.
Results: Immunohistochemistry results were positive for SDHB in PGLs with the SDHB germline mutation 
of L157X and P236S, all five cases of sporadic PCC, and the adrenal cortex as the external positive control.
Conclusion: Immunohistochemistry tests for SDHB showed positivity in PGLs associated with the SDHB 
germline mutations of L157X and P236S. Thus, immunohistochemistry testing for SDHB might not always 
reveal a surrogate marker in formal genetic testing of the SDH complex.
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INTRODUCTION

Pheochromocytoma (PCC) and Paraganglioma 
(PGL) are neuroendocrine tumors arising from the 
adrenal medulla and the sympathetic or parasympa-
thetic paraganglia, respectively [1, 2]. As defined by 
the World Health Organization, PCC is also an in-
tra-adrenal PGL that arises from the chromaffin cells 
of the adrenal medulla [2]. PCC and PGL can occur 
sporadically or as part of different hereditary tumor 
syndromes including neurofibromatosis type 1, von 
Hippel-Lindau disease, multiple endocrine neoplasia 
type 2 and the succinate dehydrogenase (SDH) syn-
drome [1].

The SDH complex is a key respiratory enzyme 
that participates in the Krebs cycle and the electron 
transport chain and has a role in tumor suppression [3, 
4]. The SDH complex comprises the subunits, SDHA, 
SDHB, SDHC, and SDHD [3, 4]. SDH assembly factor 
2 (SDHAF2) encodes a protein that is necessary for 
flavination and the functioning of SDHA [4]. The 
SDH complex is assembled at the inner mitochondrial 
membrane [3, 4]. If any component of this complex 
(SDHA, SDHB, SDHC, SDHD, and SDHAF2) is inac-
tivated, the entire SDH complex either becomes unsta-
ble or does not form and the SDHB subunit is released 

into the cytoplasm, where it degrades rapidly [5].
Hereditary PCC and PGL are frequently associated 

with various the SDH gene mutations [6, 7]. Patients 
with SDHB gene mutations are reportedly at increased 
risk for malignant PGL [8, 9]. The loss of SDHB ex-
pression associated with the SDH gene mutations can 
be detected rapidly and reliably with immunohisto-
chemistry studies on routinely processed formalin-fixed 
paraffin-embedded tumor blocks [10, 11].

We previously reported two novel mutations of 
SDHB, L157X [12] and P236 [13] in PGL. In this 
study, we performed immunohistochemistry studies for 
SDHB in two cases of PGL with the SDHB germline 
mutations, L157X and P236S. In both cases, the results 
of immunohistochemistry were positive for SDHB. We 
suggest that immunohistochemistry studies of SDHB 
might not detect patients with PCC and PGL associated 
with the SDH complex germline mutations.

SUBJECTS AND METHODS

Tumor samples
In this study, we studied a PGL with SDHB muta-

tion of L157X [12] and a PGL with SDHB mutation 
of P236S [13]. In addition, we examined five sporadic 
cases of PCC of the medulla of the adrenal gland. 
Sporadic PCC was defined as unilateral PCC that did 
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not have recurrence of PCC within at least the previous 
10 years, with no history of any other tumors and no 
family history of PCC.

Immunohistochemistry studies of SDHB
Immunohistochemistry studies of SDHB were 

performed as described previously [11]. The forma-
lin-fixed and paraffin-embedded tissue specimens 
were cut into 3-μm-thick sections, mounted on adhe-
sive-coated slides, deparaffinized, and hydrated within 
xylene and ethanol. To block endogenous peroxidase, 
the specimens were soaked in a solution of 0.3% H2O2 
methanol for 30 minutes. The slides were then placed 
in citrate buffer (pH: 6.0) and heated in a microwave 
oven at 100°C for 15 minutes to unmask the antigen. 
After cooling, the sections were preincubated in phos-
phate-buffered saline containing 2% (v/v) normal 
swine serum (Dako Denmark, Grostrup Hovedstaden, 
Denmark) for 10 minutes. Immunohistochemistry 
studies for SDHB were performed with a commercially 
available mouse monoclonal antibody clone 21A11, 
isotype immunoglobulin G2a (Abcam, Cambridge, 
United Kingdom) [10, 11]. The primary antibody was 
used at a dilution of 1:1000. The slides were then 
incubated at 4°C overnight with the primary antibody 
and then washed with phosphate-buffered saline. Dako 
EnVision horseradish peroxidase (Dako Denmark) was 
applied for 30 minutes. Diaminobenzidine tetrahydro-
chloride chromogen was served as the substrate. The 
sections were counterstained with Harris hematoxylin, 
rinsed, dehydrated, and covered with coverslips.

Staining patterns were categorized as positive, weak 
diffuse staining, and negative [11]. Cases that demon-
strated definite granular cytoplasmic staining of tumor 
cells (a mitochondrial pattern) were scored positive. 
Cases with a very mild cytoplasmic or nuclear blush 
without the presence of definite granular mitochon-
drial staining were classified as weak diffuse staining. 
Cases where the tumor cells were negative were 
considered informative only when there was a typical 
mitochondrial pattern of staining in the internal con-
trols (endothelial cells and stromal cells) throughout 
the slide. Normal adrenal cortex tissue adjacent to the 
sporadic PCC was used as the external positive control 
[10]. To obtain negative controls, the slides were incu-
bated with normal mouse immunoglobulin G1 (Dako 
Denmark) instead of the primary antibody.

RESULTS

The case of PGL with SDHB mutation of L157X 
showed definite granular cytoplasmic staining of the 
tumor cells, a mitochondrial pattern, and positive 
immunohistochemical staining for SDHB (Fig. 1). The 
case of PGL with SDHB mutation of P236S showed 
definite granular cytoplasmic staining of the tumor 
cells, a mitochondrial pattern, and positive immunohis-
tochemical staining for SDHB (Fig. 2). The five cases 
of sporadic PCC showed definite granular cytoplasmic 
staining of the tumor cells, a mitochondrial pattern, 
and positive immunohistochemical staining for SDHB 
(Fig. 3). Normal adrenal cortex as the external positive 
control showed definite granular cytoplasmic staining 
of the cells, a mitochondrial pattern, and positive 
immunohistochemical staining for SDHB (Fig. 4). The 
specimens of negative controls were not stained.

DISCUSSION

As described previously, all subunits of the 
SDH complex (SDHA, SDHB, SDHC, SDHD, and 
SDHAF2) are tumor suppressor genes inactivated by 
mutations [14, 15]. If any component of these subunits 
is inactivated, the entire SDH complex becomes unsta-
ble or does not form and SDHB is released into the 
cytoplasm, where it degrades rapidly and the enzyme 
activity of the SDH complex is abolished [5]. When the 
SDHB had a mutation, the level of the SDHB protein 
did not exactly parallel the abundance of messenger 
ribonucleic acid, which suggests that the transcrip-
tion defect of the mutated SDHB could not account 
entirely for the loss of SDHB expression [16]. The 
loss of SDHB expression can be detected rapidly and 
reliably with immunohistochemistry study on routinely 
processed formalin-fixed, paraffin-embedded blocks 
of tumor tissue [10, 11]. However, as mentioned, the 
two PGLs with SDHB mutation of L157X and P236S 
showed definite granular cytoplasmic staining of 
SDHB and immunohistochemistry results were positive 
for SDHB, as previously described [11].

According to two reports, immunohistochemistry 
studies of 34 cases [10] and 6 cases [11] of PCC and 
PGL with SDHB mutations yielded negative results for 
SDHB, without revealing the mutation types of SDHB 
[10, 11]. Benn et al. reported 31 different SDHB mu-
tations spanning exons 2 to 7 of the SDHB gene, in-
cluding missense, nonsense, frameshift, and splice site 
mutations, without immunohistochemistry analysis of 
SDHB [17]. Lima et al. showed by crystallography the 
severe structural consequences of five clinically validat-
ed SDHB missense mutations on the SDHB protein, 
but they too did not perform immunohistochemistry 
analysis of SDHB [18]. Thus, the relationship among 
SDHB mutation types, the structural consequences in 
the SDHB, and the results of immunohistochemistry 
study of SDHB remained unknown.

PGL associated with SDHB mutation of L157X 
has been described in two other reports [19, 20]. 
Immunohistochemistry study for SDHB was not 
performed in one report [19]; in the other report im-
munohistochemistry analysis of a head and neck PGL 
carrying SDHB mutation of L157X revealed positivity 
for SDHB, with weak diffuse staining [20]. Thus, it 
was possible that the SDH complex does not neces-
sarily become unstable or release the SDHB into the 
cytoplasm to degrade in PGLs associated with L157X 
and P236S mutations in the SDHB.

In recent years, germline mutations of the SDH 
complex have rarely been associated with solid tumors 
other than PCC and PGL, such as gastrointestinal 
stromal tumor [21], renal cell carcinoma [22], and pi-
tuitary adenoma [23, 24]. In fact, renal cell carcinoma 
with germline mutations of the SDH complex is now 
recognized as a unique and distinct type of renal cell 
carcinoma in the World Health Organization’s 2016 
classification [25]. The term “SDH-deficient neoplasia” 
can therefore be applied to all tumors in which SDHB 
is not expressed and SDH deficiency can be considered 
prima facie evidence of syndromic disease, usually 
germline mutation [26]. Thus, immunohistochemistry 
study of surrogate markers of SDHB has proved to be 
strong and reliable for detecting mutations of the SDH 
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complex in many tumors. However, SDHB mutations 
of L157X and P236S were not included among the 
surrogate markers to detect mutations of the SDH 
complex.

In conclusion, PGLs with SDHB mutations of 
L157X and P236S showed positive immunohistochemi-
cal staining for SDHB. Therefore, the results of immu-
nohistochemistry studies of SDHB should be carefully 
interpreted for the detection of mutations in SDHA, 
SDHB, SDHC, SDHD and SDHAF2.
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