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Diffuse idiopathic pulmonary neuroendocrine cell hyperplasia
(DIPNECH) is a rare condition. As of the year 2011, only 49 ca-
ses were published (1). According to the World Health Organiza-
tion (WHO) DIPNECH is considered as a generalised proliferation
of scattered single cells, small nodules (neuroendocrine bodies), or
linear proliferations of pulmonary neuroendocrine cells in the mu-
cosa and submucosa of the small bronchi and bronchioles (2,19).
Initially, there is linear proliferation mostly beneath the superficial
columnar epithelium. As a rule, the lesions are found in the perip-
hery of the lung. The patients have no significant clinical symp-
toms and the condition is usually diagnosed accidentally during ge-
neral examination. Most commonly, women in the fifth and sixth
decades of life are affected (2,3). However, the disease may deve-
lop at any age. DIPNECH is considered to be a precursor of tu-
morlets and certain G1 and G2 neuroendocrine tumors (carcino-
ids and atypical carcinoids) (18). Centrally located G1 and G2
tumors are more frequent and typically characterized by more pro-
minent clinical signs associated with narrowing of the larger bron-
chi. In their proximity, hyperplastic neuroendocrine cells may also

appear but these changes do not correspond to DIPNECH (3,4).
The study of DIPNECH may aid in understanding the development
of pulmonary neuroendocrine tumors. 

MATERIAL AND METHODS

A 65-year-old female patient with no significant complaints re-
ported frequent coughs six years previously. An X-ray of the lungs
as part of a preventive physical examination revealed a poorly
defined lesion of approximately 4 cm in diameter in the periphery
of the right middle lobe. The bronchoscopy was not performed. Sub-
sequently, a right middle lobectomy was performed. 

Immunohistochemistry. Immunohistochemical evaluation was car-
ried out using the avidin-biotin complex (ABC) method. Positive and
negative controls were used. The following antibodies were used
(with working dilutions stated in brackets): CK20, clone Ks 20.8
(prediluted); CK7, clone OV-TL 12/13 (1:50); polyclonal rabbit an-
ti-human gastrin (1:2000); polyclonal rabbit anti-human somatos-
tatin (1:1000); monoclonal mouse anti-human serotonin, clone 5HT-
H209 (1:100); and polyclonal rabbit anti-human glucagon
(1:1000); all antibodies produced by Dako Glostrup, Denmark; mo-
noclonal rabbit anti-TTF-1, clone G21-G (1:100), DB Biotech; sy-
naptophysin, clone 27G12 (1:100); chromogranin A, clone 5H7
(1:100); and monoclonal mouse anti-CD56 (NCAM), clone 1B6;
produced by Novocastra, Newcastle-upon-Tyne, UK; monoclonal
mouse anti-neuron-specific enolase (NSE), clone MIG-N3 (predi-
luted); Biogenex; rabbit anti-pancreatic polypeptide, clone 18-0043

ORIGINAL ARTICLE

Diffuse idiopathic pulmonary neuroendocrine cell 
hyperplasia: Case report and review of literature
Jana Dvofiáãková1,2, Jirka Maãák1, Petr Buzrla1

1 Department of Pathology, Faculty of Medicine, University of Ostrava and University Hospital Ostrava, Czech Republic
2 CGB laboratory Inc., Ostrava, Czech Republic

SUMMARY
Diffuse idiopathic pulmonary neuroendocrine cell hyperplasia is a rare condition affecting mostly women in the fifth and sixth decades
of life. Here we present a case of its accidental finding in the lung parenchyma of a 56-year-old non-smoker female. In the periphery
of the right middle lobe, linear and nodular proliferations were detected in the wall of the small bronchi and terminal and respiratory
bronchioles. Under the pleura, several tumorlets were located. Immunohistologically, neuroendocrine cells were positive with antibodies
against chromogranin A, synaptophysin, CD56, serotonin (weak positivity of some cells only), calcitonin, GRP/bombesin, cytokeratin 7
and TTF-1.

Keywords: diffuse idiopathic pulmonary neuroendocrine cell hyperplasia – tumorlets – neuroendocrine tumors – immunohistochemistry

Difuzní idiopatická hyperplázie neuroendokrinních bunûk: popis pfiípadu a pfiehled literatury

SOUHRN
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(1:100); Invitrogen GmbH, Lofer, Austria; vasoactive intestinal pep-
tide (VIP) (1:500); Immunostar USA; polyclonal rabbit anti-
GRP/bombesin, RPN 1692, Amersham, USA. 

RESULTS

In a 65-year-old non-smoking female with no clinical signs, X-
ray revealed a poorly defined lesion in the right middle lobe. Just
below the pleura, a grey lesion poorly differentiated from the sur-
rounding lung parenchyma was found, sized approximately 1.8 x
2.3 x 1.5 cm.

Histologically, several bronchi, terminal and respiratory bron-
chioles with linear or nodular hyperplasia of NECs were found (Fig.
1). As a rule, the NECs accumulation affected only a part of the
bronchial mucosa. In some foci, there was a band-like linear proli-
feration of NECs which spread beneath the surface mucosal epit-
helium. In some small bronchi, NECs encircled their lumen. In other
areas, there was a polypoid nodular bulging into the bronchial lu-
men (Fig. 2), with its diameter being reduced. In yet other places, it
was apparent that hyperplastic NECs proliferated under the basal
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Fig. 1. Linear proliferation of neuroendocrine cells in the small
bronchus (HE, 400x).

Fig. 2. Nodular proliferation of neuroendocrine cells into the lu-
men of the small bronchus (HE, 200x).
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Fig. 4. Neuroendocrine cells are positive with an
antibody against calcitonin (A, 400x), bombesin (B,
400x), CD56 (C, 200x), TTF-1 (D, 400x).

C D

Fig. 3. Tumorlet from subpleural region of the lung (HE, 40x).

membrane and grew in the bronchial submucosa, reaching as far
as bronchial cartilage. Therefore, the bronchial lumen was narro-
wed. In these cases, fibroproliferation around the NECs was appa-



rent. Moreover, several tumorlets were found, with the largest one
sized 600 μm (Fig. 3). Tumorlets located under the pleura were clo-
se to each other, separated by pulmonary parenchyma. 

Immunohistochemical evaluation yielded positive findings with
antibodies against chromogranin, synaptophysin, serotonin (weak
positivity of certain NECs), calcitonin (Fig. 4A), bombesin (Fig. 4B),
CD56 (the most NECs are positive) (Fig. 4C), CK7 and TTF-1 (in-
tranuclear positivity of the most NECs in tumorlets and linear pro-
liferations of the bronchial mucosa) (Fig. 4D). With the other anti-
bodies, the immunohistochemical findings were negative.

DISCUSSION

The amount of NECs in the lungs depends on an individual’s age.
Whereas in the fetal period the NECs are relatively abundant, they
are relatively sparse in adulthood (5). The first peptide hormone in
pulmonary NEC discovered was gastric-releasing peptide (GPR),
a 27-amino acid mammalian homologue of the 14-amino acid
amphibian peptide bombesin (6). Other hormones have been de-
tected as well, such as calcitonin, serotonin or growth hormone-
releasing hormone. Rarely, DIPNECH produces adrenocorticotrop-
hic hormone (ACTH) with clinical manifestations of Cushing’s syn-
drome (7). Similarly, melanin production in NECs in neuroendoc-
rine tumors has been rarely reported (8). During the fetal period,
the amount of bombesin in pulmonary NECs is likely to be related
to growth and maturation of the lung parenchyma (6). Bombesin
and calcitonin are most frequently found in adult patients with
DIPNECH. 

In addition to rare DIPNECH, proliferating pulmonary NECs may
also form tumorlets. According to the WHO classification of lung
tumors (2), it is nodular benign proliferation of NECs which is not
greater than 5 mm. Larger lesions are referred to as G1 and G2
neuroendocrine tumors. Leslie at al. (17) stated that “classical car-
cinoids” are typically significantly larger, sized 2-4 cm. Similar to
DIPNECH, tumorlets are mostly asymptomatic. They are made up
of rather uniform cells of benign appearance with hyperchromatic
nuclei of mostly oval shape. In their proximity, fibrosis develops.
This is probably due to the production of peptide hormones such
as bombesin (9). Despite the fact that tumorlets are generally con-
sidered benign lesions, cell atypia and metastasis to lymph nodes
have been observed (3,10,11). 

Unlike DIPNECH and tumorlets, G1 and G2 neuroendocrine tu-
mors affect males more frequently than females (3). They develop
in the mucosa and submucosa of the larger bronchi and are found
in the central lung areas. Patients develop cough, dyspnea (whee-
zing) and recurring bronchial and pulmonary infections.

Although DIPNECH, tumorlets and neuroendocrine tumors may
be defined histologically, an important criterion for their classifica-

tion into categories is their size. It may be speculated that an inc-
reasing number of genetic aberrations causes transformation of one
category into another. In DIPNECH, linear or nodular proliferation
of NECs in the mucosa or submucosa of the small bronchi and re-
spiratory and terminal bronchioles is most prevalent. After some
time, tumorlets or G1 and G2 neuroendocrine tumors may occur.
These neuroendocrine tumors are mostly indolent, with no signs of
histological atypia. Yet Nassar et al. (12), in a group of 24 pati-
ents reported over a period of six years, found two cases of histo-
logically indolent neuroendocrine tumors metastasizing to lymph
nodes. It has been shown that between DIPNECH and neuroen-
docrine tumors, there is a continuous line of gradual steps. This was
also observed in our case between DIPNECH and tumorlets. There
are conflicting opinions on the relationship between DIPNECH and
neuroendocrine tumors. According to some authors (13), the pre-
sence of DIPNECH could be demonstrated in only 5.4 % of neuro-
endocrine tumors. Others (14) found the relationship to be up to
77 %.

Some authors (15) claim that the amount of NECs is increased
in people living at high altitudes for a long time. Cameron (7) sta-
ted that NEC hyperplasia and neuroendocrine lung tumors are as-
sociated with bronchiectasis, pulmonary fibrosis and broncho-ob-
structive disease. These cases, however, do not progress to neuro-
endocrine tumors (2). The original assumption that DIPNECH is mo-
re frequent in smokers was not confirmed (5,16). In a group of
patients whose data were published between 2004 and 2010, the
majority (66 %) were found to be non-smokers (12). It seems that
DIPNECH may be a precursor of tumorlets and some G1 and G2
neuroendocrine tumors. Recently (20) it was described that there
are fundamental differences in cell kinetics between pulmonary neu-
roendocrine cell proliferation as a reaction to pulmonary injury and
DIPNECH.

The clinical diagnosis of DIPNECH requires a resection of the
lung parenchyma and subsequent biopsy evaluation. Only a small
proportion of patients is diagnosed by transbronchial biopsy (12).
The therapy involves a resection of the affected part of the lung,
inhalation of steroids as well as lung transplantation. In cases with
a stable course and no clinical manifestations, the wait-and-watch
approach is used. Given the small number of cases, no algorithm
for treating these patients has been developed (4,5,12).

At present, there are no genetic markers that would distinguish
DIPNECH from reactive proliferation of NECs in association with
the above lung diseases. 
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kách na‰eho ãasopisu pfiipomenuli jeho vy-
nikající celoÏivotní práci a podûkovali mu
tímto za pfiínos k rozvoji nejen na‰eho pra-
covi‰tû, ale i celé ãeské patologie.
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Fakultû v‰eobecného lékafiství UK v Praze
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nastoupil na II. patologicko-anatomick˘
ústav a patologii i 1. lékafiské fakultû zÛ-
stal vûrn˘ aÏ dodnes. JiÏ bûhem studií se
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n˘ úvazek pracoval na Anatomickém ústavu. Na tomto místû je ji-
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hodn˘ch úspûchÛ a byl nûkolikrát pfieborníkem Prahy mlad‰ího
i star‰ího dorostu. 

Ve své odborné a vûdecké ãinnosti se zpoãátku zamûfiil na pro-
blematiku urogenitálního traktu. V této oblasti publikoval pfievrat-
ná pozorování t˘kající se xantogranulomatózní pyelonefritidy
a spermatického granulomu nadvarlete. Pozdûji se zaãal vûnovat
nároãné oblasti chorob pohybového aparátu, ve které dosáhl v˘-
razn˘ch úspûchÛ a nûkolika svûtovû prioritních objevÛ napfi. z ob-
lasti Ewingova sarkomu, adamantinomu, chordomu, plexiformní-
ho histiocytomu a osifikující myozitidy. Jako první také popsal ex-
presi aktinu buÀkami chondrocytÛ a chondroblastÛ a zavedl termín
myochondrocyty a myochondroblasty. Na základû sv˘ch v˘sledkÛ
se stal znám˘m i v zahraniãí, pfiesto se v‰ak z politick˘ch dÛvodÛ
nemohl úãastnit zahraniãních kongresÛ. Byl také pfiizván prof. Scha-
jowitzem k pfiípravû a spoluautorství Mezinárodní klasifikace ná-
dorÛ kostí vycházející pod zá‰titou WHO, v˘jezd do zahraniãí mu
v‰ak nebyl umoÏnûn a komunikoval s ostatními experty pouze ko-
renspondeãnû. 

Sv˘ch zku‰eností v oblasti osteopatologie mohl vyuÏít i jako ãlen
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známo Jifiík z Podûbrad byl v této souvislosti nûkter˘mi historiky ob-
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ha ãesk˘ch a moravsk˘ch pracovi‰È. O kvalitû jeho vûdecké práce
vypovídá i její ohlas s více neÏ 700 citacemi dle Web of Science.
Jeho odborná práce byla opakovanû odmûnûna cenami napfi. Hláv-
kovou cenou, cenou rektora UK, cenou MZ a dal‰ími. 
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ko-anatomického ústavu 1. LF UK byl jmenován pfiednostou spoje-
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