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Background/aims: Ultrastructural alterations in the
stroma adjacent to corneal perforations have previously
been reported in patients with longstanding rheumatoid
arthritis. Since patients with rheumatoid arthritis often
present upregulation of proinflammatory cytokines in
serum and in synovial fluid, it was of interest to analyse the
gene expression of these cytokines—for example, tumour
necrosis factor alpha (TNF-α) and interleukin 6 (IL-6), in
corneal samples from patients with corneal ulcerations
and/or perforations associated with rheumatoid arthritis.
Methods: Corneal samples from seven patients with
corneal ulcerations and/or perforations associated with
rheumatoid arthritis were collected in 4% paraformalde-
hyde in “RNAse-free” conditions. Paraffin sections were
fixed on silan coated slides and further analysed by
systematic non-radioactive in situ hybridisation, using spe-
cific gene probes for TNF-α and IL-6 labelled with digoxi-
genin (DIG). Detection of hybrids was carried out by using
a commercially available DIG detection system.
Results: Whereas an extended TNF-α gene expression
could be clearly observed in the keratocytes surrounding
the corneal ulcerations and/or perforations from five of the
seven analysed patients, all seven patients presented
clearly positive results for an extended IL-6 gene
expression in the analysed tissue samples.
Conclusions: Alterations in corneal cells surrounding
ulcerations and/or perforations in patients with rheuma-
toid arthritis may occur with implication for inflammatory
processes. Upregulation of the proinflammatory cytokines
TNF-α and IL-6 may modify the production of metalloprotei-
nases in the corresponding cells resulting in collagenolytic
corneal damage.

Patients with rheumatoid arthritis often present with ocu-
lar complications such as aqueous tear deficiency,
scleritis, and central or paracentral corneal ulceration.1–7

Moreover, the occurrence of ultrastructural alterations in the
stroma adjacent to non-inflammatory corneal perforations
associated with longstanding rheumatoid arthritis has also
been reported.8 As described earlier,8 it is possible to find elec-
tron dense deposits (possibly aggregated collagen) in the
extracellular stromal matrix surrounding the corresponding
perforation. However, light microscopy examination of the
same tissue samples revealed only a few inflammatory cells
surrounding the perforation, which would indicate the lack of
clinically detectable inflammation in these patients. In fact, it
seems to be widely accepted that there is little or no clinically
detectable inflammation on the ocular surface of such
patients, as deduced by using classic and/or conventional
examination methods. If true, this preliminary statement had
to be corroborated by using other available methods of

examination—for example, at the molecular level. However,
just by using systematic RNA in situ hybridisation analysis, we
could detect high levels of RNA gene expression for
proinflammatory cytokines such as tumour necrosis factor
alpha (TNF-α) and interleukin 6 (IL-6) in the keratocytes
from patients with rheumatoid corneal ulcerations. This find-
ing may first indicate the implication of widely extended
inflammatory processes in the corresponding corneal cells
from patients with corneal ulcerations and/or perforations
associated with rheumatoid arthritis.

MATERIALS AND METHODS
Corneal samples from seven patients with corneal ulcerations
and/or perforations associated with rheumatoid arthritis were
collected and stored in 4% paraformaldehyde before being
paraffin embedded in RNAse-free conditions. From all the
collected samples, 4–5 µm paraffin sections were sequentially
obtained in RNAse-free conditions and further fixed on
RNAse-free silan coated slides. The resulting paraffin sections
were then analysed by systematic non-radioactive in situ
hybridisation also performed in strict RNAse-free conditions.
Alternatively, some of the paraffin sections were routinely
stained with haematoxylin and eosin. In the present study, the
in situ hybridisations were carried out with specific gene
probes for TNF-α and IL-6 labelled with digoxigenin (DIG) by
using the DIG labelling kit from Boehringer-Mannheim
(Mannheim, Germany). The whole hybridisation procedure
was performed as described elsewhere,9–13 including all the
corresponding control hybridisations and control samples as
previously described.9–13 In addition, control samples obtained
from two patients with keratoconus were tested in the same
conditions as those from the patients with rheumatoid arthri-
tis. Detection of hybrids was carried out with the DIG
detection system from Boehringer-Mannheim, which pro-
vides a violet blue colour reaction on the positive cells, after
the addition of the corresponding substrates for alkaline
phosphatase and incubation for at least 24 hours at 4°C.
Evaluation of positive or negative hybridisation results in the
analysed samples was systematically carried out by using the
hybridisation score system presented in Table 1, and was
initially performed without any sample reference. Further-
more, the same evaluation procedure was repeated at least
three times, and representative results were finally photo-
graphically documented. The whole evaluation procedure was
performed by using a light microscope (Axiophot, Zeiss, Ger-
many).

RESULTS
A summary of relevant clinical data from the seven patients
with corneal ulcerations and/or perforations is presented in
Table 1. Both DIG labelled gene probes for TNF-α and IL-6
yielded clearly positive results for the presence of high levels of
the corresponding mRNA molecule by using the performed in
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situ hybridisation procedure in the analysed corneal samples.
Whereas an extended TNF-α gene expression could be clearly
observed in the keratocytes surrounding the corresponding
corneal ulcerations and/or perforations from five of the seven
analysed patients, all seven patients presented clearly positive
results for an extended IL-6 gene expression mainly observed
in the keratocytes from the same tissue samples.

Representative TNF-α mRNA hybridisation patterns, corre-
sponding to the patients 2 and 7, are shown in Figure 1A and
B, respectively. Furthermore, in a similar manner, representa-
tive IL-6 mRNA hybridisation patterns, corresponding to the
patients 3 and 5, are shown in Figure 1C and D, respectively.
Moreover, whereas the keratocytes showing a clear positive
reaction for TNF-α, mRNA hybridisation were more often
localised in the areas surrounding the corneal epithelium (see
Fig 1A, B, and E), the cells which showed a positive reaction
for IL-6 mRNA hybridisation were mainly found deeper in the
stroma, and often in groups of long series (chains) of activated
cells (see Fig 1C, D, and E). The results for TNF-α and IL-6 in
situ hybridisations are further summarised in Table 1, which
provides semiquantitative data about the observed gene
expression of the analysed cytokines for each series of
screened samples. Interestingly, the two patients with
non-detectable TNF-α gene expression (patients 3 and 6, both
with score: “–”) presented both central corneal ulcerations
and additional acute infections (herpes zoster in patient 3 and
Staphylococcus sp in patient 6). Furthermore, no clear rheu-
matic symptoms could be confirmed in these two patients
with missing TNF-α gene expression in the corneal samples.

In addition, when control samples obtained from patients
with keratoconus were tested for mRNA in situ hybridisation,
neither TNF-α nor IL-6 gene expression could be detected in
the same conditions.

DISCUSSION
The results clearly show that both inflammatory cytokines
TNF-α and IL-6 are widely expressed in the keratocytes of
patients with corneal ulcerations and/or perforations associ-
ated with rheumatoid arthritis. The obtained mRNA hybridi-
sation results may further indicate that not only TNF-α
(detected in 70% of the analysed patients) but also IL-6
(detected in 100% of the analysed patients) often seem to be
implicated in the observed corneal ulcerations and/or perfora-
tions. Moreover, the two observed cases of missing TNF-α gene
expression were, interestingly, found to be associated with
additional acute infections (herpes zoster or Staphylococcus sp)
as well as with non-confirmed symptoms for rheumatoid
arthritis. The detected high levels of TNF-α and IL-6 gene
expression in the analysed corneal samples directly corres-
pond with the in vivo conditions during corneal ulceration
and/or perforation shortly before surgery, since the collected
samples were immediately fixed in RNAse-free 4% parafor-
maldehyde, even during surgery. However, additional patient

Table 1 TNF α and IL-6 gene expression in keratocytes from patients with corneal ulcerations and/or perforations
associated with rheumathoid arthritis*

Patient
No

Age (years)
and sex

Ulceration and transplantation
problematic Systemic manifestation

TNF α gene
expression

IL-6 gene
expression

1 59 (F) paracentral perforated keratomalacia rheumatoid arthritis +++ ++
2 76 (F) perforation rheumatoid arthritis + +
3 60 (F) central descemetocele rheumatoid arthritis† +herpes zoster – ++
4 58 (F) ring ulcer + sicca syndrome rheumatoid arthritis +Sjögren syndrome +++ ++
5 74 (F) peripheral perforation, thinning rheumatoid arthritis, osteoporosis + diabetes mellitus ++ +
6 72 (M) central keratitis rheumatoid arthritis† +Staphylococcus sp – ++
7 71 (F) peripheral keratitis descemetocele rheumatoid arthritis ++ +

*Results observed by specific non-radioactive in situ hybridisations, compared to the clinical data of the patients before surgery. Score used for evaluation
of the in situ hybridisation results: (–) negative/not detected, <5% positive cells, (+) clearly positive reaction, approximately 5–10% positive cells, (++)
extended positive reaction, 10–20% positive cells, (+++) very extended positive reaction, 20–50% or more positive cells.
†Rheumatic symptoms not definitively confirmed.

Figure 1 Detection of TNF-α (A, B, and E) and IL-6 (C, D, and E)
mRNA by non-radioactive in situ hybridisation in corneal sections
from patients with corneal ulcerations and/or perforations associated
with rheumatoid arthritis. (A) Representative TNF-α mRNA
hybridisation pattern of the corneal keratocytes in a paraffin section
from patient 2 (hybridisation score: +). (B) Representative TNF-α
mRNA hybridisation pattern of the corneal keratocytes in a paraffin
section from patient 7 (hybridisation score: ++). (C) Representative
IL-6 mRNA hybridisation pattern of the corneal keratocytes in a
paraffin section from patient 3 (hybridisation score: ++). (D)
Representative IL-6 mRNA hybridisation pattern of the corneal
keratocytes in a paraffin section from patient 5 (hybridisation score:
+). (E) Representative corneal section from patient 2, stained with
haematoxylin and eosin showing the relative position of the stroma
cells yielding positive mRNA hybridisations either for TNF-α (x(TNF)),
or for IL-6 (x(IL-6)). A positive reaction is indicated by a dark
blue-violet colour as a result of the corresponding reaction using the
digoxigenin detection kit from Boehringer-Mannheim. TNF = TNF-α,
e = corneal epithelium, s = corneal stroma (original magnification
(A–D) ×1000, (E) ×200).
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dependent factors, like their immune status, and/or possible
effects of actual or previous treatments, may also have modi-
fied the observed cytokine gene expression and additional
studies are needed in order to characterise these additional
effects. IL-6 is widely known to promote epithelial migration
by a fibronectin dependent mechanism,14 and furthermore has
been found to stimulate collagen synthesis and to reduce the
production of metalloproteinases in human keratocytes.15 In
contrast, the role of TNF-α has more often been associated
with pathological and degenerative processes in a wide variety
of cells.16 17 It has been proposed that TNF-α may be associated
with extensive cell death (apoptosis) and nuclear degenera-
tion in the lens of developing avian embryos,18 but additional
studies need to be performed with human samples in order to
confirm this effect in the corresponding human cells. The
results indicate that alterations in corneal cells surrounding
ulcerations and/or perforations associated with rheumatoid
arthritis may occur with implication of inflammatory proc-
esses. Upregulation of the proinflammatory cytokines TNF-α
and IL-6 may modify the production of metalloproteinases in
the corresponding cells, resulting in collagenolytic corneal
damage. Currently, we can conclude that the inflammatory
cytokines IL-6 and TNF-α are both probably produced by
keratocytes of the analysed patients, representing one of the
main causes or consequences of corneal ulceration and perfo-
ration associated with rheumatoid arthritis.
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