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Abstract

AIM: To investigate pathogenic mutations related to
malignant pheochromocytoma in neurofibromatosis
(NF).

METHODS: We present a patient with NF and meta-
static pheochromocytoma in whom genetic screening
for presence of pathogenic mutations in RET proto-
oncogene, von Hippel-Lindau (I/HL) and succinate de-
hydrogenase complex subunits B (SDHB) genes were
investigated. RET proto-oncogene mutation screening
for exons 10, 11, 13, 14, 15, 16 were examined by poly-
merase chain reaction (PCR) and direct DNA sequencing
in patient. Mutation screening for exons 1, 2, 3 of VHL
gene was carried out. Both forward and reverse strands
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were subjected to direct sequencing after PCR ampilifi-
cation. The entire coding sequence of SDHB gene was
screened for the presence of pathogenic mutations by
PCR-sequencing.

RESULTS: A 45-year-old man presented with abdomi-
nal pain and hypertension over the previous year. The
patient was a known case of neurofibromatosis type 1
(NF1) who presented at the age of 15 years with hy-
perpigmented and hypopigmented lesions. After com-
plete evaluation for hypertension, biochemical tests and
imagings indicated a malignant pheochromocytoma of
120 mm x 70 mm in size. The patient underwent left
adrenalectomy, nephrectomy and splenectomy. After
surgery the symptoms improved and blood pressure
was controlled. After 5 years he was admitted again
for evaluation of hypertensive crisis. Biochemical tests
were again consistent with pheochromocytoma and
disease relapse. Imaging studies and liver biopsy con-
firmed metastatic pheochromocytoma to the liver and
para-aortic area. 131 Iodine-metaiodobenzylguanidine
therapy was carried out. Genetic screening of VAL (exons
1, 2, 3), RET proto-oncogene (exons 10, 11, 13, 14, 15,
16) and SDH complex subunits revealed no pathogenic
mutation.

CONCLUSION: We conclude that mutations in the
NF1 gene are responsible for the patient’s clinical find-
ings. However, would be helpful to further examine so-
matic mutations for a more precise study of genotype-
phenotype correlation.

© 2013 Baishideng. All rights reserved.

Key words: Neurofibromatosis; Familial pheochromo-
cytoma; Malignant pheochromocytoma; Metastatic
pheochromocytoma; RET proto-oncogene; von Hippel-
Lindau; Succinate dehydrogenase complex subunits

Core tip: Malignant pheochromocytoma associated with
neurofibromatosis (NF) is very rare. We screened for all
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possible mutations related to pheochromocytoma in a
patient with NF and malignant pheochromocytoma but
found no mutations. This negative result shows that
the VFI gene is responsible for this rare presentation.

Hasani-Ranjbar S, Amoli MM, Noorani M, Ghadami M. Malig-
nant pheochromocytoma in neurofibromatosis; mutation screen-
ing of RET proto-oncogene, VHL and SDH gene. World J Med
Genet 2013; 3(1): 1-4 Available from: URL: http://www.wjgnet.
com/2220-3184/full/v3/i1/1.htm DOI: http://dx.doi.org/10.5496/
wjmg.v3.il.1

INTRODUCTION

Phaecochromocytomas and paragangliomas (PGLs) are
catecholamine-secreting tumors, which arise from chro-
maffin cells of the adrenal medulla and extra-adrenal

sites''. Most pheochromocytomas are sporadic tumors.
However some patients suffer from the disease as part of
a familial disorder (15%-30%). There are several familial
disorders associated with pheochromocytoma including
von Hippel-Lindau (I"HL) syndrome, multiple endocrine
neoplasia type 2 (MENZ), neurofibromatosis type 1 (INF7),
succinate dehydrogenase (SDH) complex subunit muta-
tion-related tumors and occasionally MEN1 syndrome.
The approximate frequency of pheochromocytoma in
these disorders is 50% in MEN2, 10%-20% in VHL syn-
drome, and 0.1%-5.7% with NF177.

Malignant forms of catecholamine-secreting tumors
are rare. The malignancy rate is variable from 2.4% to
26%. There are no histological proofs of malignancy for
such tumors to date and the only accepted criterion is the
presence of metastasis. The distant metastases are usually
of hematologic origin, mostly involving bone, liver and
B3 The prevalence of metastasis is up to 36%-50%
for extra-adrenal abdominal pheochromocytoma and 10%
and 5% for adrenal and familial forms respectively®”,
However, in practice the diagnosis of malignant pheo-
chromocytoma can only be determined by presence of
recurrence or metastatic disease at a site where chromaffin
cells do not normally exist. NF is the term given to two
neurocutaneous genetic conditions. NF1, also known as
von Recklinghausen’s disease is the most common type of
NE with an incidence of approximately 1 in 2600 to 1 in
3000 individuals®. Approximately half of the cases are fa-
milial while the remainder are new mutations”. The hall-
marks of NF1 are the multiple café-au-lait spots and asso-
ciated cutaneous neurofibromas. Pheochromocytoma has
been clinically identified in 0.1%-5.7% of patients with
NE The NF7 gene has been mapped to chromosome
17q11.2 and cloned""™. Since malignant pheochromo-
cytoma is very rare in NE, we present a case with NF and
metastatic pheochromocytoma in which genetic screening
in VHL, Ret protooncogene and SDH were carried out to
investigate the responsible genomic mutation.

lung
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MATERIALS AND METHODS

Biochemical testing and Localization Studies

Routine biochemical tests, evaluation of 24 h urine cat-
echolamine metabolites, abdominal computed tomog-
raphy or magnetic resonance imaging and 131 Iodine-
metaiodobenzylguanidine (1311-MIBG) therapy were
carried out. The malignant pheochromocytoma was diag-
nosed according to the presence or absence of metastasis
in radiological or pathological reports.

Genetic analysis

RET proto-oncogene mutation screening: Genomic
DNA was extracted from peripheral lymphocytes using
the salting out technique. RET proto-oncogene mutation
screening for exons 10, 11, 13, 14, 15, 16 was performed
polymerase chain reaction (PCR) and direct DNA se-
quencing using the assay described by Alvandi ez a/"”.

VHL gene mutation screening: For ["HI. gene muta-
tion screening, analysis of ["HL gene was performed
using the protocol of Cruz ef al”". Exons 1,2, 3 of
I"HL gene were amplified by PCR with the following
primers: 1F - 5" CCATCCTCTACCGAGCGCGCG 3%
1R - 5' GGGCTTCAGACCGTGCTATCG 2; 3F - &'
TGCCCAGCCACCGGTGTG 2; 3R - 5 GTCTATCCT-
GTACTTACCACAACA; 3F - 5 CACACTGCCACATA-
CATGCACTC 3" 3R - 5' ACTCATCAGTACCAT-
CAAAAGCTG 3'. Both forward and reverse strands were

subjected to direct sequencing after PCR amplification®.

SDH complex subunits B gene mutation screening:
The entire coding sequence of the succinate dehydroge-
nase complex subunits B (SDHB) gene was screened for
the presence of pathogenic mutations by PCR-sequenc-
ing based on the assay described previously'”.,

RESULTS

Patient

A 45-year-old man presented with abdominal pain and
hypertension over the previous year. The patient was a
known case of NF1 who presented at the age of 15 years
with hyperpigmented and hypopigmented lesions on the
trunk, arms, feet and axillary areas. Family history was
positive for NF in his mother and brother. Biochemi-
cal tests including urine metanephrines and imaging
were compatible with malignant pheochromocytoma.
In scans there was a large mass in the left adrenal with a
size of 120 mm X 70 mm and invasion to left kidney was
reported. The patient underwent left adrenalectomy, ne-
phrectomy and splenectomy. After surgery the symptoms
improved and blood pressure was controlled. The patient
had poor compliance in follow up. After 5 years he was
admitted again for evaluation of a hypertensive crisis.
Biochemical tests were again consistent with pheochro-
mocytoma and disease relapse. Imaging study and liver
biopsy confirmed metastatic pheochromocytoma in the
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liver and para-aortic area. 1311-MIBG therapy was car-
ried out.

Genetic analysis

RET proto-oncogene mutation screening: There was
no pathogenic mutation in the RET proto-oncogene.
Only three single nucleotide polymorphisms were identi-
fied in this patient as follows: (1) C1866T in exon 10,
causes no AA change (P622P); (2) G2071A in exon 11,
causes G091S; and (3) C2712G in exon 15, causes no AA
change (5904S).

VHL gene and SDHB gene mutation screening: There
was no "HL gene mutation. In addition, genetic se-
quencing of 8 exons of SDHB gene revealed no patho-
genic mutation in this patient.

DISCUSSION

The family described in this study is comprises individu-
als with NF and one member (a 45-year-old man) with
hypertension diagnosed as malighant pheochromocytoma.
Hypertension is a frequent finding in adults with NF1 and
may develop during childhood although pheochromocyto-
ma is a much less common etiology. In these patients, the
catecholamine-secreting tumor is usually a solitary benign
adrenal pheochromocytoma, occasionally bilateral adrenal
pheochromocytoma, and rarely a peri-adrenal abdominal
PGL. Although NF1 as an autosomal dominant disorder
is the most common familial cancer syndrome predispos-
ing to pheochromocytoma, the risk of pheochromocy-
toma in this disorder is only about 1%,

Pheochromocytomas in patients with NF1 occur in
the fifth decade. Our patient was a 45-year-old man with
an unusual presentation of pheochromocytoma. Current-
ly, except for the presence of the SDHB mutation, a large
or an extra-adrenal primary tumor, there are no reliable
markers for predicting a high likelihood of developing
metastatic disease. Pheochromocytoma in NF is usually
benign and unilateral. Based on genetic background our
expectation before surgery was a benign non-metastatic
tumor. As mentioned before, the patient had a metastatic
tumor and after 5 years metastasis to liver and para-aortic
lymph nodes led to deterioration in the clinical course of
disease. It seems to us that a large mass (as detected in
this patient initially) as well as local invasion are critical
factors for predicting malignancy and may have the high-
est impact for detecting metastasis in future.

At first we treated the patient with surgical resection
of the adrenal mass, but in follow up treatment of dis-
tance metastasis the only available modality was MIBG
therapy. Given the positive MIBG scan, we predicted that
the tumor would up take iodine. To date, beside surgery,
1311-MIBG therapy is the single most valuable option
for malignant pheochromocytomas. Results of a phase
Il trial using high dose 131I-MIBG demonstrated 22%
partial or complete response and 35% of patients having
some degree of response (Ze., biochemical) without dem-
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onstrated progressive diseasc!™. After 6 mo follow up our
patient is alive but needs antihypertentive drugs. In fu-
ture, our plan could be chemoembolization of the liver if
there is persistent disease. Mutation screening were nega-
tive in our patient except for three nucleotide changes in
the RET gene. Among them, nucleotide change C1866T
is a new SNP, while changes G2071A and C2712G have
been reported in the literature as SNPs. None of these
changes are causative mutations for medullary thyroid
cancer (MTC) patients although they are more common
in patients with MTC than in normal population. Wheth-
er there is an interaction between these polymorphisms
and other genes related to NF is still a matter of debate.

Mutations in the N7 gene result in loss of functional
protein, causing the wide spectrum of clinical findings
with NF1-associated tumors. No obvious genotype-phe-
notype correlation between small mutations (< 20 base
pairs) of the NF7 gene and a specific phenotype have
been demonstrated, with the exception of the ¢.2970-2972
delAAT (p.M990del) mutation that is associated with a
very mild phenotype in the majority of cases' . Genetic
testing for NF1 is available but is not routinely performed,
as the diagnosis is made based upon clinical phenotype.

In addition, epigenetic factors, particularly DNA
methylation, may also play essential roles in regulation
of RET, VHL and NF1 pathways. A recent study has
identified methylated RET in colorectal cancer””. Tt has
been observed that the aberrant methylation of RET
correlates with decreased RET expression, whereas the
restoration of RET in colorectal cancer cell lines results
in apoptosis[zﬂ. Other studies have found epigenetic regu-
lation of ”HL or NF7 genes in various carcinomas™*,
Therefore, epigenetic regulation of involved genes may
also contribute to the pathogenesis of disease in this pa-
tient and this requires further investigations.
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journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.539¢].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach §, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg13.
6350]

Chinese journal article (list all authors and include the PMID where applicable)

2 Lin GZ, Wang X7, Wang P, Lin |, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rthoea. Shijie Huaren Xiaohna Zaghi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson |, Kreitman M. Signature
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v

of balancing selection in Arabidopsis. Proc Nat/ Acad Sci USA
2006; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal anthors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No author given

6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;j.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 X]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97,/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804|

Books

Personal anthor(s)

10  Sherlock S, Dooley J. Discases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher F. An analysis of Koza's computa-
tional effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic
programming, EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cde.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and position-
ing tool assembly. United States patent US 20020103498.
2002 Aug 1

Statistical data

Write as mean £ SD or mean * SE.
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Statistical expression

Express 7 test as 7 (in italics), I test as F (in italics), chi square test as
x’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as 7 (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, efe. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-3184/
g info_20100725073806.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbteviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
7 mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRl, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
All types of articles’ writing style and requirement will be found in the
link: http:/ /www.wjgnet.com/esps/NavigatonInfo.aspxrid=15

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited. The
revised version, along with the signed copyright transfer agreement,
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Instructions to authors

responses to the reviewers, and English language Grade A certifi-
cate (for non-native speakers of English), should be submitted to
the online system zza the link contained in the e-mail sent by the edi-
tor. If you have any questions about the revision, please send e-mail
to esps@wjgnet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3184/¢_info_20100725073726.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/2220-3184/
g _info_20100725073445.htm.

Proof of financial support

For papers supported by a foundation, authors should provide a copy
of the approval document and serial number of the foundation.
Statement about anonymous publication of the peer reviewers’
comments

In order to increase the quality of peer review, push authors to care-
fully revise their manuscripts based on the peer reviewers’ comments,
and promote academic interactions among peer reviewers, authors
and readers, we decide to anonymously publish the reviewers’ com-
ments and author’s responses at the same time the manuscript is pub-
lished online.
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