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Brief Communication

TNF-a production in the cornea in response to Pseudomonas

aeruginosa challenge

NERIDA COLE,}2 SHISAN BAO,2 MARK WILLCOX?! and ALAN J HUSBAND?

Cooperative Research Centre for Eye Research and Technology, School of Optometry, University of New South
Wales and ?Department of Anatomy and Pathology, University of Sydney, New South Wales, Australia

Summary Pseudomonas aeruginosa can cause ulcerative bacterial keratitis or contact lens-induced acute red eye
(CLARE) in humans. The present study used a mouse model of ocular infection and inflammation to examine the
relationship between TNF-a and inflammation in the cornea in response to challenge with either a strain of P.
aeruginosa causing keratitis or a CLARE strain. Constitutive TNF-a mRNA was detected in the epithelium, mainly
towards the periphery. After infection with the Kkeratitis-inducing strain (6294), TNF-a expression was elevated
four-fold by 24 h post-challenge. No detectable induction of TNF-a mRNA was seen with CLARE strain (Paerl)
challenge at any time point. The TNF-a protein production detected by ELISA showed a corresponding pattern to
the mRNA expression, which also correlated with pathological changes. These results suggest that invasive strains
of P. aeruginosa create greater pathological changes as a result of elevated TNF-a production, which contributes

to inflammation during keratitis in vivo.
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Introduction

Pseudomonas aeruginosa is the bacterial pathogen most
commonly associated with microbial keratitis during contact
lens wear,! and is also frequently associated with contact
lens-induced acute red eye (CLARE).? CLARE is a non-
infectious Kkeratitis resulting from Pseudomonas colonization
of contact lenses.? The release of pro-inflammatory cytokines
such as TNF-a? and of specific chemotactic cytokines at the
site of bacterial challenge regulates the processes of inflam-
mation and leucocyte recruitment. Very little is known about
the nature of the inflammatory mediators produced in the
cornea, but the host inflammatory response is important in
the outcome of keratitis. While during Gram-negative sys-
temic infections, TNF-a is thought to act as an obligate pre-
cursor for further cytokine responses,* its role in corneal
infection is not well defined.

A better knowledge of the host response during bacterial
keratitis may lead to improved strategies for the prevention
and management of these potentially serious ocular condi-
tions. In experiments reported here, we examined the pro-
duction of TNF-a in the cornea in response to challenge with
two different strains of P. aeruginosa.
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Materials and Methods

Infection of animals

Adult BALB/c mice were challenged with corneal scarification and
instillation of 2 x 10° cfu of P. aeruginosa strain 6294 (isolated from
microbial keratitis) or Paerl (isolated from CLARE) in 5-pL sus-
pension, or PBS under anaesthesia with Avertin as previously
described.® The right eye of each animal served as a control. All pro-
tocols were approved by the Animal Care and Ethics Committee,
University of Sydney, New South Wales, Australia. It has been
demonstrated recently that the mouse model of bacterial keratitis can
be used to mimic CLARE.® Strain Paerl was chosen as this is the
only strain isolated from CLARE that has been characterized in vitro
and in vivo.> Strain 6294 was chosen as a representative strain of
invasive P. aeruginosa.®

In situ hybridization and ELISA

Mice were killed at 0, 1.5, 4 and 24 h post-challenge. Formalin-fixed,
paraffin-embedded corneal tissues were cut at 5 pm. The sections
were dewaxed, rehydrated and target mMRNA was exposed by diges-
tion with 10 pg/mL proteinase K at 37°C for 20 min.” Corneal whole
mounts on slides were fixed in 4% paraformaldehyde in PBS for 10
min, and rinsed in PBS. Corneas were digested with Pronase E.8 A
murine TNF-a cDNA was provided by Dr Andrew Lloyd, School of
Pathology, University of New South Wales. The TNF-a riboprobe
(sense and antisense) was prepared as previously described, and
labelled with either digoxigenin’ or 35-S° nucleotide mixtures
(Boehringer Mannheim, Sydney, NSW, Australia). Sections were
hybridized with either the sense (control) or antisense dig-labelled
probe in a hybridization buffer,” or whole mounted corneas were
hybridized with sense or antisense 35-S-labelled probes. Slides were
incubated in a slide thermocycler at 37°C for 18 h, and washed in
Tris-buffered saline (pH 7.5). The slides were incubated with
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Figure 1  Photomicrograph showing detection of TNF-a mRNA
in cornea challenged with P. aeruginosa. The TNF-a mRNA
expression in the cornea is shown at (A) 0 h and 24 h in response
to (B) 6294 strain and (C) strain Paerl challenge. Sense control
(challenged with 6294 and killed after 4 h) shows (D) no
detectable signal. The pathological changes in the cornea induced
by strains (E) Paerl and (F) 6294 at 24 h post-challenge are
demonstrated by haematoxylin and eosin staining. The expression
of TNF-a mRNA in the cornea is confirmed by isotopic in situ
hybridization in (G) bright field and (H) dark field conditions of
Paerl-challenged corneas. These are typical results of three
replicate experiments with at least three mice per group. All
photographs are 200x magnification. Apparent differences in
magnification are due to increasing oedema of the cornea during
infection with 6294.

antidigoxigenin antibody conjugated with alkaline phosphatase for
1 h at 24°C. The colour development was according to the manu-
facturer’s instructions (Boehringer Mannheim). For 35-S-labelled
sections, the procedures were performed as described.®?
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Figure 2 Tumour necrosis factor-a protein levels in the eye in
response to P. aeruginosa infection using Paerl (O0) or 6294
(m) strains of bacteria determined by ELISA assay. The data
represent means of ELISA results and the vertical bars are stan-
dard errors of the mean.

Samples for ELISA were collected by killing three mice at
each point and enucleating three left or right eyes. The eyes were
homogenized in 1.0 mL PBS containing 0.05% v/v Triton-X 100 at
4°C. The supernatant was collected and immediately frozen at —70°C
until required. The ELISA kits for murine TNF-a (R & D Systems,
Sydney, NSW, Australia) were used according to the manufacturer’s
instructions.

Results and Discussion

Histological morphology was compromised because of
proteinase digestion to expose mMRNA, and all digoxigenin-
labelled sections were not counterstained. Sections
hybridized with the control probe showed no positive signal
(Fig. 1D). Background levels of TNF-a mRNA were
observed in corneal epithelium at 0h post-challenge
(Fig. 1A) and no significant induction was seen at 1.5 and
4 h (data not shown). At 24 h post-challenge, cells in the
epithelium were positively stained; in the periphery and to a
lesser extent in the central stroma, some infiltrating inflam-
matory cells were positive for TNF-a mRNA (Fig. 1B). Little
induction of TNF-a mRNA expression was detected during
corneal challenge with Paerl at any time point. Figure 1(C)
shows the cornea 24 h after initial Paerl application, and the
levels of positive staining were similar to time zero (Fig. 1A).
To confirm the results of the digoxigenin-labelled detection
system, the 35-S-labelled probe was used on whole mounted
corneas to avoid any sampling errors arising from sectioning.
Positive signals were detected mainly at the periphery of the
corneal epithelium in eyes challenged with either Paerl
(Fig. 1G,H) or 6294 (data not shown), which is consistent
with findings in the digoxigenin system. Negative controls
demonstrated a low level of background staining only. Patho-
logical changes were evaluated by haematoxylin and eosin
staining (Fig. 1E,F).

Consistent with in situ hybridization results, ELISA assay
revealed that constitutive background levels of TNF-a pro-
duction were detected in the cornea at all time points in
response to strain Paerl challenge (Fig. 2). However, there
was no increased TNF-a production in the eye in response to
strain 6294 challenge at 0, 1 and 4 h, but approximately a
four-fold (significant, P < 0.05) induction was noted at 24 h.

Our findings are supported by the work of Svanborg et al.
who have shown that in a compartmentalized Gram-negative
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infection of the mucosal epithelium of the bladder, there was
no significant TNF-a produced early in the infectious
process, while there is a large and rapid IL-6 and IL-8
response as early as 30 min post-challenge.* Others examin-
ing the ocular response to Gram-negative infection in whole
eye homogenates also found induction of TNF-a above base-
line levels between 1 and 3 days post-infection.’® In a sys-
temic response to Gram-negative infection, induction of
TNF-a would be expected after 60-120 min.** There has
been a recent report of TNF-a mRNA up-regulation during P.
aeruginosa keratitis as early as 6 h after infection by a
ribonuclease protection assay, which may be a reflection of
the different techniques.’? It may also be due to genetic
factors determining the outcome of cytokine production.® It
is possible that the absence of TNF-a during the early stages
of localized Gram-negative infection at mucosal surfaces is a
part of the mucosal cytokine response, which differs from
that observed during systemic Gram-negative infection,
where it is thought to be an obligate precursor for further
cytokine responses.
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