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Detection of tumour necrosis factor a in
sarcoidosis and tuberculosis granulomas using in
situ hybridisation

N Myatt, G Coghill, K Morrison, D Jones, I A Cree

Abstract
Aims-To determine the site of tumour
necrosis factor a (TNFa) product and
mRNA in granulomas.
Method-In situ hybridisation with
digoxigenin labelled or biotinylated
oligonucleotide probes was used to
demonstrate the presence of total mRNA,
and then the presence of TNFa mRNA in
the biopsy specimens of 37 granulomas
(31 sarcoidosis, six tuberculosis).
Results-TNFa mRNA was detected in
epithelioid cells, giant cells, and lympho-
cytes in the granulomas. Some sarcoido-
sis specimens did not contain detectable
mRNA for TNF, but did contain TNF
peptide in the epithelioid or giant cells on
immunostaining. This may have been
due to stored TNF present in cells in
which mRNA for TNF is no longer being
produced.
Conclusion-The results suggest that
giant cells should not be regarded as
effete cells, as they contain large amounts
ofmRNA and seem to be actively produc-
ing TNFa.

(7 Clin Pathol 1994;47:423-426)
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Granulomatous diseases such as tuberculosis,
leprosy, schistosomiasis, and sarcoidosis pose
serious health problems throughout the
world. To prevent the development and clini-
cal consequences of granulomatous diseases,
either the tissue insult must be removed or the
processes underlying granuloma formation
need to be interrupted before tissue damage
becomes clinically relevant. Sarcoidosis is
characterised by the formation of simple
(non-caseating) granulomas in many tissues,
primarily lung and lymph node. Its aetiology
is unknown, but it is clear that granuloma for-
mation is a major cause of the fibrosis which
eventually leads to respiratory failure and
death in a substantial number of patients.
The pivotal role of tumour necrosis factor a

(TNFa) in granuloma formation and mainte-
nance was elegantly shown in a series of
experiments by Kindler et aP in which injec-
tion of antibodies against TNFa at various
stages following innoculation with Bacille
Calmette Guerin (BCG) in mice prevented or
reversed granuloma formation. This stimu-
lated us to look at TNFa using in situ hybridi-
sation (ISH) to determine which cells in the
granuloma were expressing messenger RNA
(mRNA) for this cytokine.

Although ISH was first described over 20
years ago,23 it has only recently become
widely used in histopathology.47 In common
with other nucleic acid hybridisation tech-
niques, ISH is based on the re-annealing of
complementary sequences of nucleic acid
bases. ISH for messenger RNA (mRNA) is
unique in that the technique is carried out
without first removing the target sequence
from its cellular surroundings, thereby allow-
ing the exact position of the mRNA in a group
of cells to be determined. Furthermore, the
use of synthetic oligonucleotide probes per-
mits easy penetration of routinely fixed, paraf-
fin wax processed tissue. In this study we used
two non-isotopic methods to demonstrate the
presence of TNFa mRNA in biopsy speci-
mens of sarcoidosis and tuberculosis that had
been stored for varying periods as paraffin
wax blocks.

Methods
Two methods were used: digoxigenin labelled
oligonucleotide probes adapted from
Farquharson et a18; the other used biotin
labelled probes.9
The biopsy specimens used were drawn

from the pathology files for 1986 to 1989 at
Ninewells Hospital and Medical School and
from the pathology files for 1976 to 1990 at
Southampton General Hospital. The biopsy
specimens of sarcoidosis were from lymph
node or skin (21 from Dundee, 10 from
Southampton), while the six biopsy specimens
of tuberculosis (Southampton) were all lymph
node specimens.
Twenty base length poly dT and poly dA

oligonucleotide probes were synthesised by
the Biochemistry Department at Dundee
University on a 394 Applied Biosystems DNA
synthesiser using f thiocyanoethyl phospho-
ramidite chemistry. Similar probes, 28 bases
long, were purchased from Pharmacia Ltd
(Milton Keynes, Bucks, England), and used
in Southampton with their biopsy tissue.
The complete cDNA sequence for TNFa

has been published.'01' Sense and anti-sense
TNFa probes, 25 bases long, were synthesised
in Southampton also using an Applied
Biosystems DNA synthesiser. Two probes
were prepared from the open reading frame at
the 5' end of the TNFa mRNA and two
sequences from the coding region of the
mature TNFa polypeptide. Sequences were
chosen for their high GC content and low
homology with lymphotoxin mRNA to ensure
no probe cross-reaction. Both the sense and
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anti-sense probes were used as mixtures of
four probes to give increased sensitivity.
Sequences for the antisense probes are given
below: corresponding sense probes were also
synthesised for use as controls.

TNFa ANTI-SENSE (5'-3')
(1) 240A CCG CCT GGA GCC CTG GGG
CCC CCC216
(2) 344GGG GAA CTC TTC CCT CTG
GGG GCC G320
(3) 713GGC CTC AGC CCC CTC TGG
GGT CTC C689
(4) 765C CTT CTC CAG CTG GAA GAC
CCC TCC741

DIGOXIGENIN PROBE LABELLING
Unlabelled TNFa probes were sent to
Dundee in 100 ,ug quantities. On arrival, the
probes were stored at -20°C overnight and
then spun down in a microcentrifuge for 10
minutes at 12 000 x g. They were then freeze-
dried overnight and re-precipitated in 50,ul
0 1M TRIS + 0-01M EDTA buffer to a con-
centration of 2 ,ug/,ll. The probes were
labelled at the 3' end using terminal deoxy-

P

Figure 1 TNFa mRNA shown by digoxigenin labelled probes in a lymph nodefrom a
patient with sarcoidosis. There is positive staining of the anti-sense probe-treated section
(A) with strong positivity in epithelioid and giant cells, while the sense control (B) is
negative.

nucleotide transferase, as detailed by
Farquharson et al.8 Labelling of the probes
was confirmed by spotting the labelled probes
on to nitrocellulose filters and detecting their
presence by incubating them first with anti-
digoxigenin alkaline phosphatase conjugated
Fab, fragments (Boehinger Mannheim),
washing, and then incubating the filters with
NBT/BCIP reagent, as detailed by
Farquharson et al.8 All reagents were prepared
to be free of RNAase by autoclaving solutions
and glassware, and by using DEPC-treated
water.8
The ISH method developed by

Farquharson et a8 was used without modifica-
tion with probes for TNFa and poly dT.
Controls included no probe, sense probe, and
ribonuclease A (Sigma, Poole, Dorset,
England) treated sections.

Probes were 3' labelled with biotin-l 1-
dUTP (Sigma) using terminal deoxynu-
cleotidyl transferase (Gibco BRL). Labelling
was confirmed by development of dot blots of
labelled probe by avidin-biotin.

Tissue sections were cut to 4 ,um and
mounted, by drying at 37°C overnight on
aminopropyltriethoxysilane (Sigma) coated
slides.'2 Hybridisation was carried out at 37'C
overnight in 50% formamide using probe at a
concentration of 2 ,ug/ml. Unbound and par-
tially bound probe was washed off by strin-
gent high temperature low salt washes.9 13
Biotinylated probes were detected using direct
application of an avidin-biotin complex alka-
line phosphatase kit (Dako Ltd, High
Wycombe, Bucks, England). Hybrids were
visualised by naphthol ASBI Fast Red salt
entrapment (Sigma).

Biotinylated and digoxigenin labelled poly
dT and poly dA (sense control) probes were
used to evaluate the mRNA content of each
biopsy specimen before extensive evaluation
using TNFa mRNA specific probes.'4

Parallel immunocytochemical tests were
performed for each biopsy specimen assayed.
These were tested with an antibody panel
consisting of Mac387 (calgranulin in
macrophages; Dako), KP1 (CD68, activated
macrophages; Dako), and 52B83 (anti-
TNFa; Celltech, Slough, England). After
application, bound primary antibody was
detected indirectly using the avidin-biotin
complex peroxidase method (Dako).

Results
In the Dundee study, using digoxigenin ISH,
eight out of 21 sarcoidosis biopsy specimens
gave a strong to medium signal with the poly
dT probe. Signal was located in the cytoplasm
of most cells in the tissue. Of these specimens,
six out of eight showed hybridisation of the
TNFa anti-sense probe in the cytoplasm of
epithelioid cells, macrophages, giant cells, and
possibly lymphocytes, identified morphologi-
cally. A representative high power view of one
granuloma and the control (sense probe) is
shown in fig 1. Control sections with anti-
sense of ribonuclease A showed no specific
staining.
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Detection of tumour necrosis factor a in sarcoidosis and tuberculosis

Figure 2 Total and TNFa mRNA shown by biotinylated probes in a granuloma from a
lymph node in a patient with tuberculosis. The antisense probes show strong signalfor total
mRNA (A) and TNFa mRNA (B) in both epithelioid and giant cells.

Figure 3 An immunostained section from a patient with tuberculosis showing (A)
expression of TNFa product in a giant cell in one granuloma, but not epithelioid cells, and
(B) strong reactivity in epithelioid cells but only weak focal staining of the central giant cell
in another granuloma.

In the Southampton study, using biotiny-
lated probes, six out of 10 sarcoidosis biopsy
specimens contained hybridisable mRNA and
of these, four were positive for TNFa mRNA.
However, all six tuberculosis biopsy speci-
mens tested contained intact mRNA (fig 2A),
and all six were also positive for TNFa mRNA
(fig 2B). Immunoperoxidase staining (avidin-
biotin complex method) of the same biopsy
specimens with a monoclonal antibody
(52B83, Celltech) against the TNFa mature
peptide showed positivity in both giant cells
and epithelioid cells (fig 3). A pattern of stain-
ing was frequently seen in which a negative
giant cell was surrounded by positive epithe-
lioid cells or a positive giant cell appeared
within a group of negative epithelioid cells (fig
3). Two cases of sarcoidosis with no TNFa
mRNA were positive for TNFa peptide by
immunostaining.

Both digoxigenin and biotin labelled probes
proved suitable for study of TNFa mRNA in
paraffin wax processed tissue. The major
technical problems encountered with digoxi-
genin were high background staining (over-
come by optimising the final incubation in
NBT/BCIP substrate) and contamination of
reagents with RNAases. The latter was
removed by sterilisation of bottles and water
used to make up reagents.

Discussion
In this study both digoxigenin and biotin
labelling of probes for non-isotopic in situ
hybridisation have been used to good effect,
with few differences between the results of
both methods. The results show that mRNA
for TNFa is present in both sarcoidosis and
tuberculosis granulomas. The signal localised
to the cytoplasm of the epithelioid cells, giant
cells, and possibly lymphocytes in these granu-
lomas. These cells have also been shown by
immunohistochemistry to contain TNFa pep-
tide. Our results challenge the traditional
opinion of giant cells as degenerate,'5 and sug-
gest that they are in fact active cytokine pro-
ducing cells which may have an important
role in maintenance of granulomas.

Although the results from ISH are not
quantitative, there does not seem to be any
difference between sarcoidosis and tuberculosis
in terms of the TNFa mRNA signal. In this
study TNFa mRNA was undetectable by ISH
in some cases of sarcoidosis in which total
mRNA was identified, reflecting either low or
absent TNFa mRNA values within the cells.
However, immunostaining shows that in such
cases, TNFa peptide may still be present
within epithelioid and giant cells. As TNFa
secretion depends on cleavage of membrane
bound peptide, one explanation could be that
epithelioid and other cells maintain an inter-
nal and surface complement of TNFa ready
for release, even after transcription has ceased
and mRNA for TNFa has become unde-
tectable. Rook et al'6 have suggested that
macrophages can be primed for the release
of TNFa by interferon y (IFNy). A trigger,
such as lipopolysaccharide or mycobacterial
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infection, is then required for release of the
mature peptide.'7

Giant cells were found to contain consider-
able amounts of hybridisable mRNA even
when TNFa mRNA was not demonstrated.
They should not therefore be regarded as
non-functioning cells,'5 but are likely to be
actively synthesing many products. In this
study giant cells have been shown to contain
both TNFa mRNA and product: they may
also be important sources of other inflamma-
tory mediators.

Although patients with sarcoidosis are
treated with corticosteroids and these drugs
are known to inhibit TNFa translation in
vitro, they do not interfere with mRNA syn-
thesis and would be unlikely to have direct
influence on the values of TNFa mRNA.'8
The lack of TNFa mRNA in some sarcoidosis
biopsy specimens could be explained by selec-
tive destruction. This may occur as a result of
the UA rich regulatory element which the
mRNA of TNFa shares in common with
many oncogene products and which renders
mRNA very susceptible to breakdown by UA
nuclease activity.19 Thus TNFa mRNA values
may be normally low and suppression of UA
nuclease as a result of cell activation may be
necessary to allow concentrations of TNFa
mRNA to rise and be detected by ISH.

Granulomas constantly evolve: they form
from loose cell aggregates into highly organ-
ised structures and have considerable cell
turnover within them.20 TNFa seems to be
essential for granuloma maintenance,' but its
role in the formative stages of granulomas and
in regression is less certain.' 21 It should there-
fore come as no surprise that TNFa mRNA is
not always found in the temporal snapshots
of granulomas represented by histological
sections.
We thank Mr S Macpherson and Mrs S Gibbs for expert pho-
tographic assistance.
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