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Ultrastructural changes in the rectal mucosa of
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SUMMARY The rectal mucosa from patients with severe rheumatoid arthritis has been examined
by electron microscopy. Initially the patients were biopsied for investigation into the diagnosis of
amyloidosis or vasculitis, which proved to be negative. A range of ultrastructural abnormalities
was found which included proliferation of the rough endoplasmic reticulum, mitochondrial
inclusions, association of the mitochondria with cytoplasmic filaments, and marked increase in
the number of iron containing siderosomes. Most of these abnormalities have already been
reported in rheumatoid synovial tissue, and attention is drawn to the similarity in findings
between these two sites.

Rheumatoid arthritis is now generally accepted to
be a systemic disease.' Nonetheless in many patients
the only clinical manifestations may be seen in the
joints with the appropriate well defined serological
parameters. When overt systemic disease occurs it
may involve many of the organs of the body
producing characteristic symptom complexes.2 This
systemic involvement is associated with a worse
prognosis than the rheumatoid polyarthropathy
alone.>5 In certain instances, such as rheumatoid
vasculitis, this may be an indication for treatment
with stronger agents (steroids and cyclophospha-
mide). These may have an effect both on the
immediate manifestations of the condition, for
instance mononeuritis multiplex, and on the long
term mortality.6
Although on a clinical level we may easily identify

those patients who have developed or are develop-
ing systemic disease, our knowledge of predisposing
factors and pathogenetic mechanisms is more
scanty. Both seropositivity and possession of the
HLA antigen DRw4 are known to indicate those
more likely to develop 'classical' disease.7 8 How
these factors influence the underlying cellular and
ultrastructural changes is still mainly conjecture.

In this paper we describe marked ultrastructural
changes found in the rectal mucosa of patients with
rheumatoid arthritis who have a wide variety of
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extra-articular manifestations and were being in-
vestigated for two systemic manifestations -
vasculitis and amyloidosis. These changes suggest
that there are profound intracellular events taking
place throughout the body of patients who encom-
pass the whole spectrum of rheumatoid arthritis.

Patients and methods

CLINICAL
Deep rectal biopsy specimens were taken poster-
iorly at 6-10 cm from 15 patients (four males and 11
females) with classical rheumatoid arthritis (RA)
according to the American Rheumatism Association
(ARA) criteria (Table 1). There were no complica-
tions after this procedure. All had been admitted to
hospital for investigation and treatment of their
disease. The biopsy specimens were taken as part of
an investigation into possible vasculitis and amy-
loidosis in 11 patients with no gastrointestinal
symptoms and from four patients when sigmoidos-
copy was performed as part of an investigation into
change in bowel habit. Control rectal tissue was
taken from patients undergoing investigation for
irritable bowel syndrome. Tissue was removed from
areas appearing macroscopically normal by the same
biopsy technique as for the RA patients.

PREPARATION OF SAMPLES
Rectal biopsy specimens were fixed for electron
microscopy in 2-5% glutaraldehyde in cacodylate
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Table 1 Patient details*

Patient Age Sex Disease
No duration

(years)

1 35 M 10
2 35 F 4
3 75 F 7
4 60 F 23
5 52 M 20
6 51 M 17
7 64 F 20
8 59 F 5
9 59 M 6
10 65 F 24
11 64 F 25
12 69 F 14
13 72 F 50
14 73 F 6
15 55 F 18

Extra-articular Reciprocal
manifestations latex

titre

3
4
2
6
2
1
5
2
1
4
0

5

4
1
2

512
Neg.
256
1024
256
128
512
256
256
128
128
512
512
1024
128

*AII patients had erosion on x-ray.
All patients had classical RA by ARA criteria.

the ultrastructural level in the rheumatoid tissue
when compared with the control material. The
distribution of these abnormalities is shown in
Tables 2 and 3.

RHEUMATOID RECTAL MUCOSA

Ultrastructural changes in the rheumatoid tissue
may be categorised as follows.

Siderosomes (Fig. 1)
Twelve of the 15 biopsy specimens examined con-
tained siderosomes. These were mainly the electron
dense, membrane bound type and were present in
macrophages in the lamina. They were both more
numerous and much more electron dense than those
found in the control tissue.

Nearly all of the patients had previously been
taking oral iron supplement, but patient No 1 who
had the most prominent collections of siderosomes
had received no iron.

buffer pH 7-4 at 4°C as soon as possible after the
removal of the tissue. Specimens were fixed in 2%
osmium tetroxide, dehydrated in graded ethanols,
and embedded in Spurr's resin.9 Ultrathin sections
were cut with a Reichert OMU2 ultramicrotome,
mounted on copper grids, and stained with uranyl
acetate and lead citrate.10

Sections were viewed in a Siemens Elmiskop 102
electron microscope at an accelerating voltage of 80
kV.

Results

Macroscopic examination in all patients showed a
normal looking rectal mucosa. The cause of the
bowel symptoms in the four rheumatoid patients
was found to be haemorrhoids in three cases and
drug induced diarrhoea in one. Light microscopic
examination of the biopsy tissue showed no evi-
dence of either amyloidosis or vasculitis in any of the
cases studied. One rheumatoid patient, however,
was found to have mild melanosis coli.

In contrast, marked abnormalities were found at

Expanded endoplasmic reticulum (Figs 1 and 2)
In 12 of the 15 biopsy specimens studied endoplas-
mic reticulum (ER) (see Table 3) was often present
in plasma cells and fibroblasts found just under the
basement membrane and scattered throughout the
lamina. There were no alterations in the endoplas-
mic reticulum of the epithelial cells. The cistemae of
the dilated endoplasmic reticulum were filled with a
granular, sometimes fibrillar, electron dense ma-
terial. These 12 biopsy specimens also contained
extracellular ribosome coated vesicles, which we

believe are derived from the dilated rough endoplas-
mic reticulum. These vesicles contain electron dense
material similar in appearance to that found in the
cistemae of intracellular dilated rough endoplasmic
reticulum.

Basement mermbrane (Fig. 3)
A thickened basement membrane was found in four
of the 15 biopsy specimens (see Table 3). The
membrane outline was indistinct and surrounded by
accumulations of both granular and fibrillar ma-
terial. Beneath the membrane there were dense

Table 2 Distribution of electron microscopy changes in control tissue

Control Siderosomes ER* Mitochondria Mitochondrial Basement Complications
No + filaments inclusion membranes

1 + - - - - Irritable bowel syndrome
2 - + - - Irritable bowel syndrome
3 - - - - - Irritable bowel syndrome
4 + - - - Irritable bowel syndrome

*ER=endoplasmic reticulum.
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Table 3 Distribution of electron microscopy changes

Patient Siderosomes ERt Mitochondria Mitochondrial Basement Complications
No + filaments inclusion membrane

1 +++ ++ ++ + - Fibrosing alveolitis, vasculitis
2 + ++ - +++ Thickened Acute alveolitis, scleritis, Sjogren's

syndrome
3 - ++ +++ - - Leg ulcers
4 ++ - - - - Deceased, vasculitis, Sjogren's syndrome,

ulcers
5* + ++ ++ + - Cervical myelopathy, x-ray normal
6* + - - + - No extra-articular manifestation
7 ++ - - + Thickened Diabetes mellitis, neuropathic Sjogren's

syndrome and fibrosing alveolitis
8 ++ + - - Thickened Thyrotoxicosis, leg ulcers, Sjogren's

syndrome
9 ++ + - - - Felty's syndrome
10 - + ++ ++ - Aortic valve disease. leg ulcers
11* + +++ + + Thickened Leg ulcers
12 + +++ - + - Felty's syndrome, neuropathy, Sjogren's

syndrome
13 + ++ + + - Neuropathy. leg ulcers
14* ++ + - ++ - Sjogren's syndrome
15 - ++ - - - Sjogren's syndrome

*Investigated for change in bowel habit.
tER=endoplasmic reticulum.
-None; +few; + +moderate; + + +many.

FIG. 1 Electron micrograph from patient No. 8, showing
the irregularly shaped electron dense membrane bound
siderosomes. In an adjacent cell expanded endoplasmic
reticulum containing a granularlfibrillar material can be
seen. There are afew small extracellular ribosome coated
vesicles (arrow) which may be derivedfrom the dilated
endoplasmic reticulum. (Scale line = 2 gm).

patches of fibrils associated with collagen and small
lipid inclusions.

Mitochondrial inclusions (Fig. 2)
Electron dense mitochondrial inclusions were
mainly found in the columnar cells of the epithelium

V.2

Fig. 2 Electron micrograph from patient No 13. Well
preserved mitochondria are positioned adjacent to two
mitochondria each of which contains a very electron dense
inclusion. The internal structure ofthese mitochondria has
been grossly disrupted. The expanded endoplasmic
reticulum is seen here at higher power clearly showing the
granular contents. (Scale line = 500 nm).

but were also present in fibroblasts, macrophages,
and plasma cells throughout the lamina propria
mucosae in 10 of the 15 biopsy specimens examined.
Fig. 2 shows two adjacent mitochondria with grossly
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Fig. 3 Electron micrograph from patient No 2 showing the

altered basement membrane (BM) with the very prominent
accumulations offibrillary material beneath it. Within the

mass offibrils surrounded by a granular deposit there is a

small lipid inclusion (arrow). (Scale line = 500 nm).

disrupted internal structure, each containing a very

electron dense inclusion. These have been dismissed
in the past as fixation artefacts. However, closely
positioned to these abnormal mitochondria is a

group of perfectly preserved whole mitochondria.
These inclusions were found to be in two forms,

Fig. 4 Electron micrograph from patient No 3.
Mitochondria are grouped around bundles offilaments,
some of the mitochondria appear to have 'tails' offilaments
(arrows). The cell cytoplasm is very sparse andfew other
organelles are present. (Scale line = 500 nm).

those shown in Fig. 2 and a different form consisting
of whorls of electron dense membranes.

Mitochondria and filaments (Fig. 4)
Mitochondria associated with fine cytoplasmic fila-
ments were found in six of the 15 biopsy specimens
examined (see Table 3). They were present in cells
in the lamina, usually well below the basement
membrane. These cells contained sparse cytoplasm
with very few organelles present, which made
identification difficult. They were not a feature of
normal rectal tissue. The mitochondria often
appeared grouped around large bundles of these
fine filaments. Some of the mitochondria appeared
to have 'tails' of fine filaments trailing from one end.

CONTROL RECTAL MUCOSA
The control tissue displayed essentially normal
ultrastructure, though minimal changes were found.

Siderosomes
Controls 1 and 4 (Table 2) had small collections of
pale siderosomes in a few of the macrophages in the
lamina. These were of the electron dense membrane
bound form as described by Richter."

Expanded endoplasmic reticulum
Control 2 had a few collections of ribosome coated
vesicles in the extracellular matrix of the lamina.
These vesicles contained a granular/fibrillar electron
opaque material.
No other alterations were found, though many of

the mitochondria throughout the tissue of the
controls displayed small electron dense inclusions.
These are often seen in mitochondria in healthy
tissue. 12

Discussion

Clinical involvement of the gastrointestinal tract in
systemic rheumatoid disease, apart from Sjogren's
syndrome, is uncommon. 13 Certainly both
amyloidosis"4 and rheumatoid vasculitis'V'7 have
been reported, but amyloid accumulation has to be
massive before gastrointestinal malfunction occurs,
and vasculitic catastrophes are only the subject of
case reports. Histological evidence of systemic
involvement is more common, and the rectal biopsy
has to be accepted as providinq a high rate of
diagnosis in both conditions. 18 9 Certainly the
findings of Cruickshank20 in a postmortem study
would suggest that histological vasculitis is much
more common and widespread than had been
previously thought.
The presence of iron in rheumatoid tissue is a

subject that has been widely investigated.2' 23 We
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know that siderosomes are associated with iron
deposition," and in the human synovium they are
found in the macrophage like type A cells322 In
rheumatoid synovial tissue links have been made
between the duration of the inflammatory process
and the degree of iron deposition.24 Muirden25
showed the presence of large quantities of ferritin in
the cells of the rheumatoid synovium. One
explanation offered for this is that iron may be
diverted from the plasma and deposited in the
inflamed synovial tissue. In the rheumatoid rectal
tissue we were unable to link the presence of
siderosomes with oral iron overload, suggesting that
the iron accumulation may be related to the chronic
disease process. Several authors have suggested26 27
that iron has a vital role in the disease process, with
intracellular damage being caused by free radical
production.

Siderosomes and mitochondrial inclusions are
found in two forms, whorls of electron dense
membranes and amorphous electron opaque bodies.
Ghadially and Roy28 noted encapsulated membra-
nous whorls in synovial cells and concluded that they
were cytolysosomes. The action of lysosomal en-
zymes has been proposed as a mechanism of damage
in the synovium and has been widely investigated.
32 We did not find the membranous form of
siderosome or mitochondrial inclusion in the control
tissue. There were, however, small collections of
pale siderosomes in some macrophages in the
lamina and very small electron dense inclusions in
the mitochondria of the normal tissue. There is
evidence to suggest that the small mitochondrial
inclusions bind divalent cations within the mitochon-
dria to regulate the internal ionic concentration.33
This results in the small inclusions becoming more
prominent. The size of the inclusions does not
increase, but they become more electron dense. The
internal structure of the mitochondria remains
undisturbed. In the rheumatoid tissue the
mitochondrial inclusions are usually surrounded by
an electron lucent area. The inclusions can be so
large that they replace the internal structure of the
mitochondria.
The presence of fine filaments both intracellularly

in association with the mitochondria and extracellu-
larly in association with the basement membrane is
particularly interesting. We have previously noted
the association between mitochondria and cytoplas-
mic filaments in rheumatoid synovium34 and are
currently investigating the presence-of extracellular
filaments with relation to the diagnosis of amyloid
(unpublished data). Other authors have evidence to
suggest associations between mitochondria and in-
tracellular filaments. Toh and Lolait35 have shown
that when monolayers of cultured fibroblasts are

treated with colchicine the cytoplasmic filaments
and the mitochondria are relocated into perinuclear
coils. This suggests a functional association between
the mitochondria and the cytoplasmic filaments.
The presence of altered endoplasmic reticulum in

the rheumatoid rectal tissue also parallels our
observations in the rheumatoid synovial tissue.34 36
In both tissues dilated endoplasmic reticulum is
present intracellularly and extracellularly as ribo-
some coated vesicles. Both contain a granular or
fibrillar electron dense material. As a result of our
studies of synovial tissue from a wide range of
rheumatoid arthropathies we came to the conclusion
that the presence of the altered endoplasmic reticu-
lum was indicative of a general inflammatory
response and was not linked to any particular
disease process.

In rheumatoid rectal mucosa prominence of
siderosomes, expanded endoplasmic reticulum, and
mitochondrial inclusions appear to be the most
noticeable findings. There appears to be no correla-
tion between either age, sex, or duration of disease
and the presence of abnormal features. It is possible
that these findings indicate generalised intracellular
changes in patients with rheumatoid arthritis. Bi-
opsy specimens from other sites would be needed to
confirm this. In such a highly selected group of
patients with longstanding and severe disease it may
just be indicative of cellular degeneration as a result
of the chronic inflammatory process. It is interesting
that these two sites, synovium and rectum, should
show similar changes, since synovitis (the active
joint process) and vasculitis/amyloidosis (indicative
of extra-articular disease) are considered by some
authors to be almost mutually exclusive in their
active phase.37
These findings of marked ultrastructural changes

in the rectal mucosa of patients with severe and
longstanding rheumatoid arthritis have raised im-
portant questions about the pathogenesis of the
disease. How these changes are caused is not
discernible from the morphology alone. All of these
patients have at some time during treatment used
suppository preparations of non-steroidal anti-
inflammatory drugs. Perhaps these have influenced
the development of some of our findings in the
rectal tissue. The results of our investigations
indicate several areas for further fruitful enquiry.

C A Hollywell and C J Morris are supported by the Arthritis and
Rheumatism Council for Research. Thanks to Dr H Bradby and Dr
E Elias for supplying the control tissue.
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