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Keratocyte distribution and transparency make it
difficult 1o investigate the precise microanatomy
and intercellular connectivity of these cells
throughout the cornea in sime. Earlier studies were
limited by the lack of resolution and the inability
to achieve three-dimensional conceptualisation of
keratocyre morphology.' More recently, human
keratocytes have been visualised e site using tan-
dem scanning confocal microscopy in reflection
mode, but resolution was again limited. Similarty,
immunochistochemical staining of elements of the
keratocyte cytoskeleton imaged by confocal laser
scanning microscopy does not enable the kerato-
cyte to be seen in its entirety.”

Recently, our group reported the combined use
of a new aldehyde fixable cell viability fluoro-
probe, S-chloromethylfluorescein  diacetare
(CMFDA), and confocal laser scanning
microscopy to produce high-resolution images of
the entire cyvtoplasm of the keratocyte ex oo, ™
Here we report on the co-localisation of an anti-
body to the gap junction protein connexin 50 on
human corneal keratocytes stained with
CMFDA. Dual channel confocal laser scanning
microscopy, digital image reconstruction and
merging techniques were used to produce high-
resolution images of connexin 50 distribution on
the cell bodies and fine cell processes of mid-stro-
mal keratocytes, and to highlight the functional

potental of gap junction proteins in the mainte-
nance of human corneal physiology.

Methods

The techniques employed for CMFDA loading of
the keratocyte cytoplasm have been reported.™
Connexin 50 was identified immunohistochemi-
cally using antibody MP70 as previously
described.* The dismibution of these gap junction
proteins was characrerised using biotinylated sec-
ondary antibodies and a Strepravidin-linked Texas
red fluoroprobe.

Keratocytes were imaged using a Leica TCS
4D confocal laser scanning microscope (Leica,
Heidelberg, Germany) equipped with a Leica
DM RBE upright microscope fitted with a
Krypton-Argon laser source, and dual channel
photodetectors. Double-labelled keratocytes were
illuminated with 488 nm blue hght to image ker-
atocyte shape and 568 nm yellow light for detec-
tion of gap junction proteins. To define the rela-
vonship berween fine keratocyte processes and
gap junction protein, a number of selected fields
within each section were imaged at high magnifi-
cation using Leica 63 X (NA — 1.4) and 100 X
(NA — 1.3 o 0.6) infinity-adjusted oil immersion
objectives, and a series of 10 t 20 optical sections
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Figure 1| Central siromal kerntocytes loaded with
CMFDA (35-year-old donor), N variable shape of the
cell bodies and the extensive ramification of cell ProCessg

imerconnecting adjacent keratocyres. Scale bar 50 um

collected through 10 to 20 um of the central
stroma. Digidsed image data sets were mansferred
to a Silicon Graphics IRIS Indigo R4000 work-
station running Voxel View, a multifunctional
image processimg software package used to render
co-localised images

Results

Extended incubations (24 hours) at low tempera-
ture (4°C) provided optmal dyve loading condi-
tons for CMFDA and produced brightiy fluores-
cent keratocytes contrasted against the extracellu-
lar matrix which showed negligible background
sraiming or autofluorescence. (Figure 1) Likewise,
the connexin 50 proteins were readily visualised
using the hiotnylated Sorepavidin-linked Texas
red system.

Keratocytes i the centrml stroma staned
intensely and uniformly with CMFDA. (Figure 1)
While principally armanged in layvers, there were
numerous cell bridges linking these layers. Cell
bodies were flattened, pyramadal or stellate in
shape with an extensive array of extremely fine cell
processes connecting with those of other cells both
within the same plane and with those of cells in
other layers. (Figure 1)

Conlocal imageng of keraiocyie gap junciion probein

Figure 2 Co-localisation of connexmin 50 (red) with
CMFDA loaded keratocytes (green) (45-year-old donor).
MNote the precise

relationship between connexin 50 and
the cell body and cell processes of each keratocyte

Scale bar = *

Connexin 50 gap junction protein formed a
punctate pattern of staining consistently associat-
ed with the CMFEFDA loaded keratocytes. (Figure
2). Antibody labelling was identified at the points
of probable cell contact, along the extensive cell
processes which mierconnect keratocyies three-
dimensionally, and in relaton to the cell bodies
Texas red staiming apparently unrelated o
CMFDA loaded keratocyres was thought o rep-
resent gap junction protein associated with
extremely fine cell processes whose fluorescence
could not be imaged or which were outside the
plane of view. (Figure 2)

Discussion

This confocal microscopy study has employed the
vital dye CMFDA and antibody labelled with
Texas red to co-localise the gap junction protein
connexin 30 in human keratocytes.

The use of confocal microscopy, image recon-
struction and merging technigues combined with
dve-labelled antbody and the vital stain CMFDA
offers very significant advantages over previous
ulmrastructural studies which have attempred to
identify gap junction proteins in stromal kerago-
cytes.'™ CMFDA is a glutathione-reactive dye



which freely diffuses into the cytoplasm of viable
cells where it is catalysed by the ubiguitous
enzyme glutathione S-transferase to produce a
cell-impermeant non-fluorescent product conju-
gated to glutathione and other thiol groups on
intracellular proteins. In a separate reaction, intra-
cellular esterases cleave the acetate group from the
conjugated dyve molecule o produce a
“glutathione-fluorescent dye adduet™ spread
throughout the entire cell cytoplasm where the
dye becomes fluorescent and immobilised by alde-
hyde fixation of cymplamuc proteins.  This
includes the extremities of the very fine processes
of the keratocytes in the mid stroma.

Gap junctions are formed by members of a
family of related proteins for which the generic
name is connexin, Gap junctions are aggregations
of membrane charmds, called connexons, which
join with connexons in adjacent cells o form
intercellular pathways for the diffusion of jons and
small molecules. They enable adjacent cells o
exchange cytoplasmic molecules directly, with no
secretion into the extracellular space. This type of
intercellular communication can enable buffering
of cytoplasmic ions, synchronisatdon of cellular
behaviour, cell o cell coordinaton, nutritional
transport, and possibly growth conwrol and
embryonic differentiation. Gap junctions may also
suppress the deleterious effects of cell mutation or
damage.”

Gap junctions have been reported in many tis-
sues, in particular, the liver, heart, lens and retina.
In the corneal epithelium and endothelium they
are profuse. Their presence in the stromal kerato-
cyte has also been reported.” The techniques used
in previous studies'™ did not identify the detailed
or extensive distribution of gap junction proteins
which the combination of confocal microscopy
and co-localisation enables.

Connexin 43 has previously been identified in
the ovine cornea.” Kistler er al. have reported con-
nexin 50 (MP70} in lens fibre cells. This study
reports the presence of connexin 50 in the human
corneal keratocyte, but it is evident that there is
flexibility in connexin populations in some cell
tvpes under specific conditions.” Whereas this
study demonstrates discrete aggregates of connex-
ion 50 associated with stromal keratocytes, their
functionality within the cell body and cell process-
es has yet 1o be esmblished. A recent study by
Watsky' has shown intracellular movement of
lucifer vellow within keratocyres anterior to

Descemet’s membrane, suggestng that the gap
junctions identified in our study may well form
functional interconnections between alternating
layers of stromal keratocytes,

This study signifies that there is prolific two and
three dimensional intercellular capacity for com-
munication between keratocytes, which may rep-
resent channels additonal to the exoacellular
matrix for the passage of small molecules through-
out the cornea. These diffuse gap junctons may
also facilitate the movement of growth factors
between the stroma and the epithelial and
endothelial cell layers.
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