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Depletion of neuroendocrine cells in rectal biopsy
specimens from HIV positive patients

J B McCullough, P A Batman, A R 0 Miller, P M Sedgwick, G E Griffin

Abstract
Aims: To compare the density of
neuroendocrine cells in rectal biopsy
specimens from human immunodefi-
ciency virus (HIV) infected individuals
with that of a control group.
Methods: Neuroendocrine cells in rectal
biopsies were identified using an im-
munohistochemical stain for chromo-
granin and subsequently quantified using
a method of linear intercept.
Results: Neuroendocrine cells were

found to be significantly decreased in the
HIV positive group.
Conclusions: Loss of neuroendocrine
cells may contribute to apoptotic bodies
seen in this condition. This could be
related to infection of these cells with
HIV and could contribute to diarrhoeal
disease in HIV infection.
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Gastrointestinal symptoms are a common

clinical manifestation of HIV infection. Their
pathogenesis is multifactorial and in a sig-
nificant number of patients diarrhoeal disease
can be attributed to infection or neoplasia.'

In a proportion of patients, however, no

opportunistic enteropathogen can be detected
and in these cases it has been suggested that
pathophysiology may be the result of direct
infection of the intestinal mucosa by HIV
(HIV enteropathy).2 In situ hybridisation has
shown that HIV can be present within epi-
thelial cells thought to be of neuroendocrine
nature, at the base of duodenal and rectal
crypts in biopsies from patients with AIDS.34
In an attempt to assess the effects of HIV
infection on neuroendocrine cells, we have
quantified such cells in rectal biopsies of HIV
infected patients.

Methods
Nineteen HIV postive homosexual males were

investigated. All subjects were positive to
HIV antibody (Wellcome Diagnostics), and
were divided into three HIV clinical groups,
asymptomatic (n = 5), persistent generalised
lymphadenopathy (PGL) (n = 8) and
acquired immunodeficiency syndrome (n =

6).

STOOL MICROBIOLOGY

Stools from the HIV positive patients were

examined microscopically for enteropatho-
gens, and cultured for salmonellae, shigellae,
Campylobacter sp, Aeromonas sp, Plesiomonas

sp, and Clostridium difficile. Culture on
Lowenstein-Jensen medium was also carried
out. Microscopic examination included a
search for ova and parasites. Ziehl-Neelsen
and modified Ziehl-Neelsen stains were used
in an attempt to identify mycobacteria,
cryptosporidia and isospora.

RECTAL BIOPSIES
Rectal biopsy specimens were taken from each
of these patients and biopsies from eight age
and sex matched control subjects were
examined in parallel. Control biopsies were
from subjects who were not in a high risk
group for HIV infection but for ethical
reasons HIV antibody testing was not carried
out. Biopsies from control subjects were taken
during the clinical investigation of diarrhoea
and were judged as normal by an independent
consultant histopathologist.
The rectal biopsy specimens were fixed in

4% neutral buffered formaldehyde and proces-
sed routinely to paraffin wax. Sections 5 gum
thick were cut from these blocks and stained
with haematoxylin and eosin for subjective
light microscopic examination. In addition,
each biopsy was stained with periodic acid-
Schiff (PAS) and by modified Ziehl-Neelsen
and Warthin-Starry methods to detect
mucosal enteropathogens.

IMMUNOCYTOCHEMISTRY
Indirect immunoperoxidase staining with a
monoclonal antibody to chromogranin was
carried out to identify the neuroendocrine cell
population in the base of rectal crypts.5
Numerous microscopic fields including rectal
crypts from each biopsy were subsequently
photographed and the percentage of crypt
basement membrane occupied by these cells
(membrane density) estimated using a method
of linear intercept.6 Sufficient intercepts with
crypt basement membrane were counted in
each biopsy to obtain a value for membrane
density of neuroendocrine cells with a con-
fidence limit of 95%. Graphs plotting a
cumulative mean value for membrane density
were constructed for each biopsy to support
this estimate of sample size.

STATISTICAL ANALYSIS
Due to small sample sizes and a skewed dis-
tribution in the measurements, the median
and semi-interquartile range (SIR), as
opposed to the mean and standard deviation,
were used as measures of location and spread.
Since distributional assumptions could not be
made, the non-parametric Wilcoxon two-
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tailed two-sample test was used to test
whether two independent groups had been
drawn from the same population.

Results
MICROBIOLOGY
No enteropathogens were identified on stool
examination or culture. Intestinal spiro-
chaetosis, as documented below, in the biop-
sies of HIV infected individuals was the only
mucosally associated enteropathogen detec-
ted.

HISTOLOGICAL APPEARANCE
Mucosal inflammation was present in 15 out of
19 of the HIV positive cases. In three of these
cases there were associated epithelial erosions.
Inflammation in all these cases was mild and
superficial, although in one case there was mild
distortion of crypts and crypt abscess forma-
tion. None of the specimens showed atrophy
of crypts.

Intestinal spirochaetosis was identified on

haematoxylin and eosin stained sections and
confirmed by Warthin-Starry stain in four out
of 19 (21%) of the HIV positive cases, and in
none of the controls.

Apoptosis recognised by light microscopy
was noted in all biopsies from the HIV
positive group. This was a rare feature in
control biopsies.

QUANTIFICATION OF THE ENTEROCHROMAFFIN

CELL POPULATION

Neuroendocrine cells stained with monoclonal

antibody to chromagranin in a biopsy
specimen from an HIV positive patient and a

control case are shown in fig 1. The percentage
basement membrane occupied by the
neuroendocrine cells in rectal biopsies from
HIV infected patients and control subjects is
shown in fig 2. The percentage of basement
membrane occupied by neuroendocrine cells
(membrane density) was lower in biopsies
from HIV positive individuals than in those
from control cases (Wilcoxon test statistic
S = 166, p < 001; HIV n =19,
median = 2-6, SIR = 0-85; controls n = 8,
median = 3 75, SIR = 1-23). There does not
appear to be any correlation between this
reduction and clinical stage ofHIV disease.
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Figure 2 Graph showing membrane density of
neuroendocrine cells in HIV positive individuals. The
vertical line indicates the median,first, and third
quartiles. * controls; o asymptomatic patients; * ARCI
persistent generalised lymphadenopathy; A AIDS.

Figure 1 Sections of
rectal mucosafrom control
(A) and HIVpositive
individual (B) stained by
immunoperoxidase method
using a monoclonal
antibody to chromogranin.
Neuroendocrine cells in
crypt epithelium stain
positively.
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Discussion
Rectal biopsy specimens from patients infected
with HIV show no qualitative histological
changes typical of HIV infection. Mild proc-
titis was detected in some biopsies7 and most
showed apoptotic cells in crypt epithelium.' A
minority of these biopsies have large lymphoid
follicles in the lamina propria,9 similar to the
follicular hyperplasia seen in the lymph nodes
of patients with persistent generalised lym-
phadenopathy.
A more critical quantitative approach to the

examination of rectal biopsies, however, shows
changes which may be attributable to HIV
itself. Bishop et al have shown increased num-
bers ofT lymphocytes in rectal mucosa ofHIV
infected individuals, resulting from a marked
increase in the number of CD8+ suppressor T
cells, despite a reduced number of CD4+
helper T cells.7 They have also shown an
increase in the number of CD8+ cells and a fall
in the number ofCD4+ cells in the aggregate of
T cells surrounding mucosal lymphoid fol-
licles, along with fragmentation of the cell
processes of follicular dendritic cells.9 There is
also some biochemical evidence for inflam-
matory bowel disease in HIV infection: the
tissue content of cytokines interleukin-lf and
tumour necrosis factor a is increased in rectal
biopsies from some HIV positive patients (S
Reka and D P Kotler, Intestinal inflammation
associated with HIV infection. Sixth Inter-
national Conference on AIDS, San Francisco,
1990).
HIV is detectable by immunohistochemistry

in the lamina propria of rectal biopsies from
most infected patients, both in mucosal lym-
phocytes and macrophages.'0 Furthermore,
one study has shown a correlation between the
tissue content of HIV protein p24 in rectal
mucosa and the degree of histological inflam-
mation (Reka and Kotler, 1990, see above).
HIV may also infect follicular dendritic cells in
lymph nodes."12 The virus possibly infects
such cells in mucosal lymphoid aggregates,9
which possibly act as a reservoir of infection.
HIV proteins have been shown immunohis-

tochemically in epithelial cells forming a rectal
gland3 and a colonic carcinoma cell line has
been successfully infected with HIV." 4 It has
been shown by a double staining technique that
neuroendocrine cells in rectal mucosa may be
one population of epithelial cells that are sus-
ceptible to infection by HIV.34 A section of
rectal mucosa from an HIV positive patient was
treated with argentaffin stain and the same
section subsequently hybridised with a probe
specific for HIV RNA. In situ labelling ofHIV
nucleic acid was localised in argentaffin positive
cells at the base of rectal crypts.
This study provides some support for the

hypothesis that HIV infects neuroendocrine
cells. We have shown, by estimating the
proportion of crypt basement membrane sup-
porting neuroendocrine cells in rectal mucosa,
that the population of these cells is depleted in
HIV positive patients. This effect of HIV
infection occurs at all clinical stages of the
disease, including asymptomatic subjects.
Spirochaetosis was the only opportunistic

infection shown in our study group, and this
organism appeared to have no influence on the
depletion of neuroendocrine cells.
Although we have shown a decrease in

neuroendocrine cells in an HIV infected group
of individuals, we cannot prove that this
association is causal. Depletion of neuro-
endocrine cells does not appear to be related to
clinical stage of disease, and the possibility that
other factors are involved cannot be excluded.
However, examination of a larger group of
patients may show a correlation with stage of
HIV infection. This population of homosexual
men has common factors in addition to infec-
tion with HIV, and in particular anal receptive
intercourse may cause rectal trauma, inflamma-
tion, and loss of neuroendocrine cells. Study
of rectal biopsies from a group of non-HIV-
infected homosexuals would therefore be of
significant value.

Focal degeneration of epithelial cells (apop-
toses) in the base of rectal crypts is the his-
tological hallmark of HIV infection,8 although
this feature is not specific for HIV disease.
Apoptoses in rectal epithelium are typical of
graft-versus-host disease'5 and allogeneic
transplant rejection situations in which these
epithelial cells are eliminated immunologically
by antigenically incompatible cytotoxic T lym-
phocytes. It is reasonable to speculate that
rectal epithelial cells which are infected by HIV
may express surface viral antigens which
precipitate cell destruction by immunological
means.'6 Similarly, the villous atrophy seen in
the jejunum of HIV-infected patients has a
morphological resemblance to the changes seen
in a graft-versus-host reaction.2

Since neuroendocrine cells in rectal epi-
thelium can be infected with HIV,' they could
express new surface antigens. These cells could
represent some of the rectal crypt cells which
are eliminated by apoptosis, and this phen-
omenon could account for the depletion of
neuroendocrine cells. Paradoxically, these cells
are spared from destruction in classic graft-
versus-host disease,'7 possibly because their
proliferation kinetics differ from those of other
crypt cells, whereas in other disease states in
which apoptoses are a feature, such as
ulcerative colitis,'8 neuroendocrine cells appear
to increase in density.19
Neuroendocrine cells in the bowel produce a

variety of peptide hormones which affect gut
motility and absorption.'0 Infection of these
cells by HIV and their depletion may con-
tribute to the diarrhoeal illness ofHIV disease.

We are grateful to Mr J Chapman and Mr S Toms for their
photographic assistance and to Ms J Norwood for her help in
preparing the manuscript.
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