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Pulmonary endocrine cells of Aymara Indians
from the Bolivian Andes

D Williams, D Heath, J Gosney, J Rios-Dalenz

Abstract
Introduction There is evidence to sug-

gest that life at high altitude causes chan-
ges in the population of pulmonary
endocrine cells, possibly because of
exposure to chronic hypoxia. A study was
made of the populations of pulmonary
endocrine cells in three Aymara Indians
and three Mestizos of La Paz (3600 m),
Bolivia, which were compared with those
in four white lowlanders.
Methods Pulmonary endocrine cells
wereimmunolabelled forneurone specific
enolase and their two major secretory

products, gastrin releasing peptide and
calcitonin, and their numbers expressed
per cm2 of tissue section.
Results No differences in morphology,
number, content, or distribution of
immunoreactive cells were found when
the native highlanders were compared
with the lowlanders.
Conclusions If chronic hypoxia as such
exerts an influence on human pulmonary
endocrine cells it was not apparent in this
morphological study. There was no

increase in gastrin releasing peptide con-

taining pulmonary endocrine cells, such
as have previously been seen in patients
with pulmonary hypertension character-
ised by plexogenic pulmonary arterio-
pathy. This may be due to the fact that in
plexogenic pulmonary arteriopathy there
is free migration of smooth muscle cells.
Although three of the highlanders in this
present study showed pulmonary vas-

cular remodelling, this was in contrast
only modest.
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Clear cells in the epithelium of many organs
were first described in detail by Feyrter,' who
regarded them as components of a "diffuse
endocrine epithelial organ," now known gen-
erally as the "diffuse endocrine system." In the
lung, in all species so far studied, they occur in
the epithelium of bronchi and bronchioles and
to a lesser extent in alveolar walls. They are

found as single cells or in groups. Some ofthese
groups of cells have been found to be
innervated and consequently have been termed
"neuroepithelial bodies"2; others are probably
merely aggregates of solitary cells. Experi-
mental evidence has suggested that, in acute

hypoxia at least, neuroepithelial bodies act as

chemoreceptors monitoring oxygen tension in

the airways.2' Hence chronic exposure to the

hypobaric hypoxia of natural high altitude
might be expected to affect the function, mor-
phology, content, or distribution of these cells.
The aim of this study was to see whether any

such changes were apparent in the lungs of a

group of Aymara Indians collected during an

expedition to the Bolivian Andes.

Methods
REGION OF STUDY
Obtaining permission and facilities for the
performance of necropsies presents difficulties
in the Andes and a study such as that presented
here has to be carried out in a pathology
laboratory at very high altitude adjacent to a

hospital providing a service in morbid
anatomy. Very few areas meet these
requirements. One that does is La Paz, the
capital of Bolivia, which is situated on the
eastern slopes of the Andean range. There is
considerable variation in the elevation of its
various districts. The highest point is the
airport, El Alto, at an altitude of 4120 m, and
the lowest comprises the nearby jungle valleys
at about 3200 m; the central plaza is at 3600 m
and may be taken as an average for the city. We
were privileged to receive lung tissue for study
from the Obrero Hospital and the Hospital of
the University of San Andres.

SUBJECTS
We studied 10 subjects, in the age range 15-42
years (table 1). Six had been born in La Paz, or

were long standing residents, and were free of
cardiopulmonary disease at death. Although all
had died in hospital in La Paz, it was important
to ascertain both the altitude of their birthplace
and their normal place of residence, as in a large
and busy city such as La Paz not everyone
dying at high altitude is native to the area.

Consequently, ethnic origin was considered
important. Its definition was that used in the
1976 Bolivian census.5 Individuals were clas-
sified as "Indian" if they had an Aymara
surname, had emigrated to La Paz from a rural
community, and lived in a predominantly
Indian neighbourhood. Those termed "Mes-
tizo" had a mixed Spanish and Indian family
history and had lived in La Paz for at least one
generation. The surname in the Mestizo group
could be either Spanish or Aymara. By these
criteria three of our highlanders were Aymara
Indians and three were Mestizos. The four
remaining subjects, who constituted a control
group, were white lowlanders (cases 7-10, table
1). These also died without any cardio-
pulmonary disease.
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Table I Age, sex, ethnic background, and diagnosis at necropsy

Case no Age (y) Sex Ethnic background Diagnosis at necropsy

HIGH ALTITUDE
1 28 M Aymara Cerebellar tumour
2 37 M Aymara Peritonitis: ruptured

appendix
3 42 M Aymara Gastric lymphoma
4 15 F Mestizo Lupus erythematosus
5 27 F Mestizo Pyelonephritis
6 32 M Mestizo Pyelonephritis

SEA LEVEL
7 21 M Caucasian Road accident
8 29 F Caucasian Friedreich's ataxia
9 23 M Caucasian Road accident
10 24 M Caucasian Road accident

LUNG TISSUE
Lungs were distended with 10% neutral buf-
fered formalin until the pleural surfaces were
smooth. Because only a limited amount of
tissue could be brought back from La Paz care
was taken to ensure, so far as possible, that
pulmonary sampling was consistent in its site in
all subjects studied from both altitudes. Thus
tissue was taken from a point midway between
the hilum and the pleural surface such that
intrapulmonary bronchi and terminal bron-
chioles, the sites of greatest concentration of
human pulmonary endocrine cells,22 were well
represented; but more distal airways and pul-
monary parenchyma were also included. In
most cases eight blocks of tissue were taken
from each of the three lobes of the right lung;
but in case 5 difficulty in distending the right
lung made it necessary to use the left, and eight
blocks of tissue were taken from both lobes.
These blocks were processed, embedded in
paraffin wax and sections cut at a thickness of
4 gm.

IMMUNOLABELLING
These sections were labelled for neurone
specific enolase (NSE), gastrin releasing pep-
tide (GRP), and calcitonin by the avidin biotin
complex technique. Antisera were obtained
from Dako Ltd (NSE and calcitonin) and
Cambridge Research Biochemicals (GRP).
After being dewaxed and taken to absolute
alcohol the sections were pretreated with 1%

Table 2 Numbers ofpulmonary endocrine cells per cm2

Immunoreactive cells/cm2

Case no NSE GRP Calcitonin

HIGH ALTITUDE
1 50 40 03
2 42 37 02
3 40 33 0.1
4 35 34 02
5 38 35 02
6 47 44 02
Mean (SD) 42 (05) 37 (04) 02 (006)

SEA LEVEL
7 68 65 02
8 203 156 45
9 72 70 03
10 10-4 10 0 0-2
Mean(SD) 112(55) 98(36) 13(19)

Figure 1 Case 1: Solitary pulmonary endocrine cell of
characteristic shape immunoreactive for gastrin releasing
peptide. (Avidin-biotin complex method, anti-gastrin
releasing peptide.)

hydrogen peroxide in methanol for 20 minutes
and with normal swine serum for 20 minutes.
This prevented false positive staining due to
endogenous peroxide and non-specific binding
of immunoglobulin respectively. The primary
antisera were applied at optimum dilution
(neurone specific enolase at 1:2000, gastrin
releasing peptide at 1:4000, calcitonin at
1:2000) and incubated for one hour, after which
sections were washed in buffered saline. A
biotinylated anti-rabbit secondary antibody
was applied at a dilution of 1:200 for 30
minutes. Stabilised avidin-biotin complex
(Dako Ltd) was applied to the sections for 30
minutes, after which they were again washed in
buffered saline. The chromogen used was
diaminobenzidine, which after the addition of
hydrogen peroxide produces a black-brown
reaction product at antigenic sites. Positive

.k
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0

sigure 2 Gase I: cluster oJ endocrine cellsNSE-neurone specific enolase; GRP gastrin releasing immunoreactiveforgastrin releasing peptide. (Avidin-
peptide. biotin complex method, anti-gastrin releasing peptide.)
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Figure 3 Case 4: Single endocrine cell immunoreactive
for calcitonin. (Avidin-biotin complex method,
anticalcitonin.)

tissue controls included immunolabelling of
human fetal lung (gastrin releasing peptide),
human medullary carcinoma of the thyroid
(calcitonin), and human pancreas (neurone
specific enolase). In the negative control
procedures labelling was carried out after
replacement of the primary antiserum with
non-immune serum and after omission of each
stage of the procedure in turn. Sections
adjacent to those used for immunochemistry
were stained by the elastic van Gieson method
and with haematoxylin and eosin.

CELL COUNTING
The numbers of immunoreactive cells in each
section were counted by using a microscope
fitted with an eyepiece graticule of 100 squares.
After calibration by means of a stage
micrometer this enabled both the number of
cells to be counted and the area ofa section to be
measured. The whole of a section was

examined and the total area measured was in
the range 32-5-50-5 cm2 per case, 1 cm2 yield-
ing 100 fields, a total of 3250-5050 fields. A
search was made for the remodelling of the
pulmonary arterial tree that is seen in
hypobaric hypoxia.67 Sections stained with
haematoxylin and eosin served to exclude any
undisclosed pathological changes.

Results
There was no difference in numbers, distribu-
tion, morphology, or content of endocrine cells
when the two groups were compared. The
numbers of immunoreactive cells per cm2 of
section for the two peptides studied are shown
in table 2. Although there appeared to be a

tendency for more pulmonary endocrine cells

to occur in the lungs of the lowlanders, there
was a range of less than 2 standard deviations
on either side of the means and so both sets of

data came under the same distribution curve.

In the lungs ofboth groups nearly all cells were

solitary (fig 1) and usually in the epithelium of

bronchi and bronchioles; only one cluster of
cells was seen and it was in an alveolar duct (fig
2). Solitary cells had the shape and situation
typical of pulmonary endocrine cells in normal
mammalian lungs. They were usually elong-
ated in shape with a round, basal nucleus and
located on the basement membrane (fig 1). Most
contained gastrin releasing peptide, calcitonin
containing cells comprising a much smaller
population (table 2, fig 3). All cells that were
labelled for one or other of these secretory
products (there was no evidence of co-storage)
were neurone specific enolase positive, but
occasional neurone specific enolase immuno-
reactive cells contained neither.

All three Aymaras (cases 1-3) showed mus-
cularisation of their pulmonary arterioles, and
in addition case 1 showed intimal longitudinal
muscle and the formation of inner muscular
tubes.67 There were no abnormalities of the
pulmonary arterial tree in cases 4-6 or in the
lungs of the lowlanders.

Discussion
Although acute exposure to hypoxia undoubt-
edly induces activity in neuroepithelial bodies
in rabbits,348 the effects of chronic hypoxia are
uncertain. Studies on animals in the laboratory,
where hypoxia has been induced by using
hypobaric chambers, have produced contradic-
tory results.'5 This may be due to a combina-
tion of factors, including variability in ex-
perimental conditions, differences in species or
strain susceptibility,"5 and the fact that the
changes induced by hypoxia may be subtle,
requiring careful study for their detection.'6 1'

Studies at natural high altitude have
produced similarly variable results.'2' Rabbits
native to the Peruvian Andes and thus exposed
all their lives to hypobaric hypoxia were re-
ported to show increased clusters of argyro-
philic cells in the lung,'8 but we were unable to
find such an effect in various animal species in
the Himalaya of Ladakh.'9 We studied the
pulmonary endocrine cells of sheep, goats, and
the yak, together with the yak's interbreeds
with cattle (the dzo and stol) at Sakti (4500 m)
and compared them with those of sheep and
goats at Srinagar (1590 m). There were no
differences in their number or distribution, as
shown by immunolabelling with neurone
specific enolase, that could be ascribed to the
effects of hypobaric hypoxia, though species
differences were substantial. More recently
guinea pigs from the Peruvian Andes have been
shown to have significantly more clusters of
pulmonary endocrine cells than controls from
sea level, whereas there was no difference in the
number of solitary cells.20

In an abstract Memoli et a12' reported that in
six of 20 samples of lung from native high-
landers of Bolivia, who had spent their entire
lives at altitudes ranging from 3500 to 4300 m,
there were significantly more neuroepithelial
bodies, as identified by neurone specific enolase,
than in a group from sea level. The present
study, however, is the first in which individual
peptides have been investigated in such
subjects. In the normal adult lung endocrine
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cells contain predominantly gastrin releasing
peptide and calcitonin,22 especially the former.
The absence of discernible differences bet-

ween the two groups of subjects in the present
study may simply be because numbers were too
small, or because any changes that had
occurred in the highlanders were too subtle to
be detected by the methods we used. Further-
more, we cannot entirely exclude the pos-
sibility that differences in endocrine cell num-
bers were present in those parts of the lung that
we did not sample-namely, the extrapulmon-
ary and large intrapulmonary bronchi and
subpleural parenchyma. Any such difference,
however, would be likely to be most apparent in
that part of the lung most richly populated with
endocrine cells, the intrapulmonary bronchi
and terminal bronchioles,22 which we were
careful to include in the tissue we took.
We are confident that there was no increase in

endocrine cell clusters in the subjects from La
Paz, as has been reported in previous studies in
man2' and animals'8 20 from high altitude, when
hypoxia has been postulated as its cause.
The lack of any apparent proliferation of

gastrin releasing peptide containing cells in the
lungs of the highlanders contrasts with the
situation in subjects with plexogenic pulmon-
ary arteriopathy due to primary pulmonary
hypertension or secondary to congenital car-
diac shunts.2324 In these conditions, par-
ticularly when associated with cellular plex-
iform lesions and especially in the preplexiform
phase, when migration of vascular smooth
muscle cells from the media to the intima is at
its height,25 gastrin releasing peptide contain-
ing cells are abundant. A similar association has
been described in subacute infantile mountain
sickness in Tibet.26 This condition is a manifes-
tation of a failure of initial acclimatisation to
high altitude in Han infants taken up to reside
in Lhasa, and is also characterised by migration
of smooth muscle cells from the media to the
intima and a prominence of gastrin releasing
peptide containing endocrine cells.

Possibly these findings are related to the role
of gastrin releasing peptide as a trophic agent.
It has been shown to stimulate the growth of
normal human bronchial epithelial cells in
vitro27 as well as murine fibroblasts.28 It
increases the incorporation of tritiated
thymidine into developing bronchial epi-
thelium of fetal mouse lungs in utero and in
vitro and ofhuman fetal lung in organ culture.29

In Aymara Indians we have studied
previously6 and in the present study we have
found remodelling of the pulmonary arterial
tree but with only limited migration of medial
vascular smooth muscle cells into the intima. In
the present study we could not find an associa-
tion between the migration of smooth muscle
cells and prominence of gastrin releasing pep-
tide containing cells. This may be because the
remodelling of the pulmonary arterial tree that
had occurred in the Aymara Indians is charac-
terised by only limited migration of smooth
muscle cells.67

Increased numbers of calcitonin containing
endocrine cells seem to be most strongly
associated with inflammation,'4 30which was not

a feature of the lungs examined in the present
study. Proliferation of such cells does occur in
its absence2324 and may in some way be
associated with a more generalised disturbance
in the structure and function of the pulmonary
endocrine system.
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