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Abstract

Three infants, who presented with intesti-
nal obstruction due to diffuse transmural
intestinal ganglioneuromatosis, are de-
scribed. Mutation analysis of exon 16 of the
RET proto-oncogene revealed germline
MO918T and thus, a molecular diagnosis of
multiple endocrine neoplasia type 2B
(MEN 2B). Two infants developed medul-
lary carcinoma of the thyroid. The third
had a prophylactic thyroidectomy despite
no obvious thyroid masses and normal
calcitonin concentrations, but microscopic
multifocal medullary carcinoma was
found on histological examination. Early
recognition of intestinal ganglioneuroma-
tosis with germline RET M918T mutation
in pseudo-Hirschsprung’s disease is an
indication for prophylactic thyroidectomy.
(Gut 1999;45:143-146)
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Functional intestinal obstruction in infancy is
commonly due to Hirschsprung’s disease but
may also be due to a variety of other enteric
neuromuscular disorders. Here, we report
three infants with transmural intestinal
ganglioneuromatosis who presented in a
Hirschsprung-like manner. The RET proto-
oncogene is a susceptibility gene for both Hir-
schsprung’s disease and multiple endocrine
neoplasia (MEN) type 2.' In general, gain of
function RET mutations are associated with
MEN 2 and loss of function mutations with
Hirschsprung’s disease. In these infants we
describe their presentation, course, histological
findings, RET mutation analysis, and the
implications of this for their management.

Case histories

CASE 1

A female infant was born at term by normal
delivery. She presented at two weeks of age
with intestinal obstruction. A full thickness
rectal biopsy revealed extensive ganglioneuro-
matosis of the myenteric and submucosal plex-
uses. The obstruction was initially relieved by a
colostomy but later required conversion to an
ileostomy. Full thickness samples of the colon

and the small bowel showed extensive ganglio-
neuromatosis. Germline mutation analysis re-
vealed the presence of de novo M918T of the
RET gene in the patient. The diagnosis of
MEN 2B was made. At three years of age, she
was found to have short stature, frontal
bossing, and notable lumbar lordosis. How-
ever, no specific diagnosis of a skeletal dyspla-
sia could be made. There was no evidence of
medullary carcinoma of the thyroid (MTC) or
phaeochromocytoma on repeated ultrasound
scanning of thyroid and abdomen, urine vanil-
lylmandelic acid and catecholamine excretion,
and pentagastrin stimulated calcitonin concen-
trations. One year later, at the age of four, a
routine pentagastrin stimulated calcitonin was
elevated and a total thyroidectomy was carried
out. Histopathological examination revealed
two nodules of MTC. A total colectomy was
performed at five years of age and the entire
colon and terminal ileum showed extensive
transmural ganglioneuromatosis.

CASE 2

A male infant first presented at the age of 15
months with severe constipation since birth,
coarse facies, gross motor delay with myo-
pathic electromyography, and unusual fat
distribution. He had a large suprapubic pad
and decreased fat around the pelvis. Muco-
polysaccharidoses were excluded. A muscle
biopsy was mildly myopathic with no clear
diagnostic features. The severe constipation
was considered to be secondary to the
neurological problems and was not investigated
further at that time. At the age of four years he
presented with thyroid nodules; a thyroidec-
tomy was performed, and on histopathology,
MTC was diagnosed. Germline mutation
analysis revealed de novo RET M918T. Subse-
quently, the diagnosis of intestinal ganglioneu-
romatosis was made on a full thickness biopsy,
an ileostomy was raised, and the patient under-
went total colectomy. The entire resected colon
and terminal ileum showed extensive florid
transmural ganglioneuromatosis.

Abbreviations used in this paper: IND, intestinal
neuronal dysplasia; MEN, multiple endocrine
neoplasia; NGF, nerve growth factor; MTC, medullary
thyroid carcinoma; ERK, extracellular signal related
kinases.
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CASE 3

A male infant was born at term by normal
delivery. He presented with enterocolitis and
large bowel obstruction at the age of 13 days.
At another institution, Hirschsprung’s disease
was excluded on a rectal biopsy. The diagnosis
of “intestinal neuronal dysplasia” (IND) was
suggested and a defunctioning colostomy was
raised. At the age of three years, a repeat rectal
biopsy and biopsies taken distal and proximal
to the stoma all showed diffuse transmural
ganglioneuromatosis and an increase in acetyl-
cholinesterase positive fibres in the lamina
propria. Repeated ultrasound scanning of thy-
roid and abdomen together with urinary
catecholamines and pentagastrin stimulated
calcitonin concentrations failed to reveal
evidence of MTC or phaeochromocytoma.
Germline mutation analysis showed the pres-
ence of de novo RET M918T. At six years of
age, ileorectal pull through was successfully
carried out. The resected colon and terminal
ileum both showed extensive ganglioneuroma-
tosis in the submucosal and myenteric plex-
uses. Six months later prophylactic thyroidec-
tomy was performed, although no obvious
thyroid mass was seen on ultrasound scans,
and serial pentagastrin stimulated calcitonin
concentrations were normal. In addition, no
adrenal abnormality was seen on imaging and
repeated 24 hour urine samples for catecho-
lamines were consistently normal. Histopatho-
logical examination of the resected thyroid
specimen revealed microscopic multifocal
MTC.

Discussion

Multiple endocrine neoplasia type 2B syn-
drome is a serious condition which almost
always initially presents with severe constipa-
tion, diarrhoea where there is enterocolitis,
and even frank obstruction, often in infancy.”’
In many cases, other external stigmata of
MEN 2B such as a characteristic facies,
“blubbery lips” from mucosal neuromas, mar-
fanoid habitus, medullated corneal nerve
fibres, and even MTC, are already present.” *
Indeed, in virtually 100% of MEN 2B
patients, medullary carcinoma of the thyroid, a
potentially lethal tumour, eventually occurs.
This tumour can only be cured with surgery?*;
early detection is therefore crucial as MTC
responds poorly to radiotherapy and chemo-
therapy. As MTC is of neuroendocrine, and
not follicular epithelial origin, radioiodine
therapy, which can be efficacious in metastatic
follicular thyroid carcinoma, has no role in
metastatic MTC.

All three infants presented with a
pseudo-Hirschsprung’s condition for which
there are a number of candidate disorders. In
MEN 2B intestinal obstruction and severe
constipation are associated with transmural
intestinal ganglioneuromatosis; it is thus
imperative to recognise the morphological
appearances of ganglioneuroma. These are
massive proliferations of neural tissue
(neurones, supporting cells, and nerve fibres)
which appear as thickened nerve trunks
embedded with mature nerve cells (figs 1 and
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Figure 1  Section of mucosa and submucosa showing
extensive ganglioneuromatosis filling the submucosa
(case 3). Original magnification % 50.

2). Ganglioneuroma must not be confused
with the diagnosis of IND which includes a
number of quite different morphological
phenotypes.”’® The diagnosis of IND was
erroneously made in one of our patients, thus
delaying the correct diagnosis of MEN 2B.
It seems that it is the transmural ganglio-
neuromatosis, particularly involving the
myenteric plexus, which is associated with
MEN 2B.” Whereas ganglioneuromata in the
lamina propria of the mucosa are seen in von
Recklinghausen’s disease this represents a
separate entity that does not develop
MTGC, although 1% of patients with von
Recklinghausen’  disease may develop
phaeochromocytoma.®

MEN 2B is a dominantly inherited disorder
but at least half of all patients present with
a de novo mutation as only few survive to
reproductive age or are disabled by a variety of
neurological symptoms impairing repro-
duction. The precise molecular abnormality
is in the RET proto-oncogene, which encodes
a tyrosine kinase receptor expressed
particularly in neural crest derived cells
including the enteric ganglia of the gastro-
intestinal tract. Of patients with MEN 2B 95%
have a specific germline point mutation in
RET in exon 16 at codon 918 (M918T) and
fewer than 4% have a point mutation at codon
883 (A883F).”' The M918T mutation has
been shown to alter RET substrate specificity
and seems to act in a ligand independent fash-
ion in the absence of dimerisation although
further activation can be achieved in the pres-
ence of ligand.'™” Receptor tyrosine kinases
with these mutations also bind to and
phosphorylate substrates preferred by non-
receptor tyrosine kinases. A883F RET has not
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Figure 2 Section showing the myenteric plexus which comprises one giant
ganglioneuroma. Note thick nerve trunks embedded with mature neurones (arrowhead).
Original magnification x 200.

been directly tested but given its location,
kinase specificity may also be altered in this
mutant."

The receptor is expressed in neural crest cell
derived enteric nervous system, adrenal me-
dulla, parathyroid, and C cells of the thyroid.
The gain of function mutations are suscepti-
bility factors for endocrine tumours, most
notably for medullary carcinoma of the
thyroid and to a lesser extent for phaeochro-
mocytoma of the adrenal gland and hyperpar-
athyroidism.

The molecular mechanisms by which RET
MO18T contributes to the development of
neuroendocrine neoplasms and intestinal
ganglioneuromatosis remain largely unknown
but a number of factors appear clear. PC12
cells (a rat phaeochromocytoma cell line)
transfected with M918T mutant RET are
unresponsive to nerve growth factor (NGF)
induced inhibition of cell proliferation."* This
unresponsiveness is associated with failure of
extracellular signal related kinases (ERK) to
translocate from the cytoplasm into the
nucleus to induce immediate early transcrip-
tion of C-FOS and Krox 24 despite enzyme
activation with NGF. A similar mechanism
could result in loss of inhibition of cell prolif-
eration occurring in the thyroid C cells and
enteric neurones in patients with MEN 2B.
However, other studies have shown that
mutated RET may trigger alternative distinct
signalling pathways, including activation of the
mitogen activated protein kinase-Jun kinase
1" and paxillin, a CRK associated cytoskeletal
protein,'® that could result in transformation
of thyroid C cells and enteric neural prolifera-
tion.

Our infants all had extensive transmural
ganglioneuromatosis and each had a de novo
mutation in RET (M918T) and thus a
molecular diagnosis of MEN 2B. Case 2 illus-
trates the necessity for early recognition of an
MO918T mutation. The signs and symptoms of
MEN 2B were not appreciated; the severe con-
stipation was ignored and was not investigated
until the child developed MTC. As MEN 2B
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ultimately and probably inevitably results in
MTGC, any infant with the diagnosis of intesti-
nal ganglioneuromatosis must have molecular
analysis of RET to confirm or exclude germline
MO918T or A883F. Together these mutations
account for more than 97% of MEN 2B
cases.” '’

Cases 1 and 3 illustrate that when the
diagnosis is established by noting transmural
intestinal ganglioneuromatosis and confirming
the diagnosis of MEN 2B by the highly
sensitive and specific molecular test for muta-
tions in RET, the treatment of choice is
prophylactic thyroidectomy. Monitoring the
calcitonin concentrations and scanning for
adrenal and thyroid masses is not sufficient as
microscopic MTC can be present without
raised calcitonin concentrations, even with
pentagastrin stimulation or without identifiable
masses on imaging.'” '®

In all three of our patients transmural
ganglioneuromatosis involved the entire
colon and the resected terminal ileum, pre-
senting as pseudo-Hirschsprung’s disease.
The intestinal symptoms apparently preceded
the development of MTC. All had M918T
germline mutation of RET. As surgery is the
only curative procedure for MTC we would
recommend that all patients who present with
pseudo-Hirschsprung’s disease have adequate
full thickness biopsies done. Those with
transmural intestinal ganglioneuromatosis
should undergo molecular diagnostic testing
by RET mutation analysis. If germline
MO918T or A883F mutations are found a
prophylactic thyroidectomy should be done.
Continued surveillance of the adrenal glands
is required with abdominal ultrasound scan-
ning, and urinary catecholamines and vanillyl-
mandelic acid as the patients have at least a
50% chance of developing phaeochromocy-
toma.

This work was undertaken by Great Ormond Street Hospital for
Children NHS Trust who received a proportion of its funding
from the NHS Executive; the views expressed in this publication
are those of the authors and not necessarily those of the NHS
Executive.

1 Eng C. The RET proto-oncogene in multiple endocrine
neoplasia type 2 and Hirschsprung’s disease. N Engl ¥ Med
1996;335:943-51.

Gorlin RJ, Sedano HO, Vickers RA, ez al. Multiple mucosal
neuromas, phaeochromocytoma and medullary carcinoma
of the thyroid—syndrome. Cancer 1968;22:293-9.

Carney JA, Go VL, Sizemore GW, er al. Alimentary tract
ganglioneuromatosis. A major component of the syndrome
of multiple endocrine neoplasia type 2b. N Engl § Med
1976;295:1287-91.

4 Eng C, Ponder BAJ. Multiple endocrine neoplasia type 2
and medullary thyroid carcinoma. In: Grossman A, ed.
Clinical endocrinology. Oxford: Blackwell Science, 1998:
635-50.

Smith VV. Isolated intestinal neuronal dysplasia: a descrip-
tive histological pattern or a distinct clinicopathological
entity? In: Hadziselimovic F, Herzog B, eds. Inflammatory
bowel diseases and Morbus Hirschsprung. London: Kluwer,
1992:203-14.

Cord-Udy CL, Smith VV, Ahmed S, et al. An evaluation of
the role of rectal biopsy in the diagnosis of intestinal neuro-
nal dysplasia. ¥ Pediatr Gastroenterol Nutr 1997;24:1-6.

d’Amore ESG, Manivel JC, Pettino G, et al. Intestinal
ganglioneuromatosis: mucosal and transmural types. A
clinicopathologic and immunohistochemical study of six
cases. Hum Pathol 1991;22:276-86.

Riccardi VM. von Recklinghausen neurofibromatosis. N
Engl  Med 1981;305:1617-27.

Eng C, Clayton D, Schuffenecker I, ez al. The relationship
between specific RET proto-oncogene mutations and
disease phenotype in multiple endocrine neoplasia type 2:
International RET Mutation Consortioum analysis. ¥4AMA
1996;276:1575-9.

L8]

5

w

(=)}

N

K=l ]


http://gut.bmj.com

146

10 Gimm O, Marsh DJ, Andrew SD, ez al. Germline dinucleotide
mutation in codon 883 of the RET proto-oncogene in mul-
tiple endocrine neoplasia type 2B without codon 918
mutation. ¥ Clin Endocrinol Metab 1997;82:3902—-4.

11 Songyang Z, Carraway KL III, Eck M], et al. Catalytic spe-
cificity of protein-tyrosine kinases is critical for selective
signaling. Narure 1995;373:536-9.

12 Santoro M, Carlomangno F, Romano A, er al. Activation of
RET as a dominant transforming gene by germline
mutations of MEN 2A and MEN 2B. Science 1995;267:
381-3.

13 Bongarzone I, Vigano E, Alberti L, ez al. Full activation of

N 2B mutant RET by additional MEN 2A mutation or
by ligand GDNF stimulation. Oncogene 1998;16:2295-301.

14 Califano D, D’Alessio A, Colucci-D’Amato GL, er al. A
potential pathogenic mechanism for multiple endocrine
neoplasia type 2 syndromes involves ret-induced impair-
ment of terminal differentiation of neuroepithelial cells.
Proc Natl Acad Sci USA 1996;93:7933-7.

Smith, Eng, Milla

15 Marshall GM, Peaston AE, Hocker JE, ez al. Expression of
multiple endocrine neoplasia 2B RET in neuroblastoma
cells alters cell adhesion in vitro, enhances metastatic
behaviour in vivo and activates Jun kinase. Cancer Res
1997;57:5399-405.

16 Bocciardi R, Mograbi B, Pasini B, ez al. The multiple endo-
crine neoplasia type 2B point mutation switches the
specificity of the Ret tyrosine kinase towards cellular
substrates that are susceptible to interact with Crk and
Nck. Oncogene 1997;15:2257-65.

17 Lips CJM, Landsvater RM, Hoppener JWM, et al. Clinical
screening as compared with DNA analysis in families with
multiple endocrine neoplasia type 2A. N Engl ¥ Med 1994;
331:828-35.

18 Marsh DJ, McDowall D, Hyland V], ez al. The identification
of false positive responses to the pentagastrin stimulation
test in RET mutation negative members of MEN 2A fami-
lies. Clin Endocrinol 1996;44:213-20.


http://gut.bmj.com

