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Fluorescein Punctate Staining Traced to Superficial
Corneal Epithelial Cells by Impression Cytology and

Confocal Microscopy
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Purroste. The basis of fluorescein-associated superficial punc-
tate staining in dry eyes is controversial. Prior explanations
include fluorescein pooling in surface erosive defects, intercel-
lular trapping of fluorescein, and intracellular staining in dead
cells. In this study, the hypothesis that punctate erosions are
individual cells with enhanced fluorescence was tested.

MEertHODS. Ten impression cytology membrane materials were
compared, to optimize cellular yield in buccal mucosa and
cornea. Clinicocytologic correlation of punctate fluorescent
spots was performed in four dry eye patients. Individual punc-
tate spots were localized by fiducial marks in photographs,
before and after removal with impression membranes, and
were traced in fluorescence microscopy and cytologic staining.
Two-way contingency table analysis was used to determine the
correlation of punctate spots with cells removed by the mem-
brane. Clinicopathologic correlation of punctate spots was
performed in 10 corneas removed in dry eye patients by trans-
plantation for concurrent diseases. Punctate fluorescence was
tracked in specimens by fiducial marks and epifluorescence. The
distribution of fluorescent spots in specific cell layers of the
cornea was determined by confocal microscopy.

Resurts. Cellular yield was greatest with impressions from
polytetrafluoroethylene (PTFE [Teflon]; BioPore; Millipore, Bil-
lerica, MA) membrane compared with its closest rival (P =
0.019). Punctate fluorescent spots, most of which disappeared
after impression cytology (71%), correlated with cells on the
membranes (P = 0.009). The punctate spots were more fre-
quent in the superficial cell layers of the cornea (80%) com-
pared with the deepest two layers (0%) (P < 0.00049).

Concrusions. Punctate epithelial erosions correspond to en-
hanced fluorescence in epithelial cells predominantly in super-
ficial layers of the cornea and would be more aptly named
fluorescent epithelial cells (FLECs). (Invest Ophthalmol Vis Sci.
2011;52:2127-2135) DOI:10.1167/i0vs.10-6489

D efinitions of dry eye and estimation of the severity often
include the quantity and distribution of fluorescent punc-
tate stains of the cornea.' The phenomenon, superficial
punctate fluorescence, is found in apparently normal sub-
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jects,*~® contact lens wearers,”'® and dry eyes.''"'* Synony-

mous terms, such as punctate epithelial erosions and punctate
epithelial defects, imply loss of epithelial cells, but the ana-
tomic basis is controversial and unproven.®'>1¢

Punctate staining can be transient, appearing and disappear-
ing over a matter of hours.'”'® Superficial punctate staining
can be reduced by a high-humidity atmosphere, punctal plug-
ging, artificial tears, and anti-inflammatory treatments.”'® 2>
There is a strong correlation between the distribution of punc-
tate stains in both eyes of a single individual, suggesting a
systemic or environmental etiology, rather than a strictly local
cause.'®' Smoking, hormone changes, and medications have
all been linked to changes in punctate corneal staining.?®~2°

The main hypothesis for punctate staining has several compo-
nents. First, intercellular gaps, created by loss of tight junction
integrity allow deep penetration and trapping of fluorescein be-
tween cells®'#3°733; second, fluorescein stains desquamating,
damaged, or dead cells'®3*3%3%; third, surface irregularities or
defects left by an absence of cells cause fluorescein to pool in
punctate areas.'>'®3¢-3° However, irrigation does not easily re-
move the fluorescent punctate stains, and so pooling over surface
irregularities is unlikely. %!

Studies in rabbits and humans suggest that both living and
dead cells take in fluorescein, although not all cells with fluo-
rescein uptake are visible under the slit lamp micro-
scope.?>4%%3 The evidence that uptake is intracellular was
based solely on the size and shape of the fluorescein staining
spots, because organelle stains were not used.>>*°

The goal of this study was to investigate the cellular basis of
punctate staining by using confocal microscopy in conjunction
with optimized impression cytology techniques.

METHODS

Subject Enrollment

This study was performed in accordance with the Institutional Review
Board of the University of California, Los Angeles. Written informed
consent was obtained from all subjects involved, after explanation of
the nature and possible consequences of the study. The research
adhered to the tenets of the Declaration of Helsinki.

All prospective subjects completed a dry eye examination including
an Ocular Surface Disease Index Questionnaire,*® slit lamp examina-
tion with conjunctival rose bengal and corneal fluorescein staining,
determination of tear break-up time, and Schirmer’s test with anesthe-
sia. Dry eye severity was defined by the DEWS criteria.

For experiments to lift punctate stains by corneal impression cy-
tology, six patients were enrolled: age range, 49 to 74 years; three men
and three women, all with a dry eye severity grade of at least 3. For the
confocal microscopic localization of punctate stains in corneal speci-
mens, 10 subjects were enrolled: age range, 49 to 91 years; seven men
and three women, with dry eye severity grades from 2 to 4. The clinical
diagnoses were corneal scar (three patients) and corneal graft failure
(seven patients).
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Impression Cytology Membrane Calibration for
Cell Removal from Buccal Mucosa

Buccal mucosa impression cytology was performed on two healthy
volunteers to test cell retrieval with different membranes. Ten impres-
sion materials were chosen for experiments (Table 1) based on a
literature review. The pore sizes of 0.4 to 0.45 um were selected for
synthetic membranes to obtain a high cellular yield without compro-
mised cellular morphology.i>4¢

From each subject repeated impression samples were taken from
nonoverlapping areas of the buccal mucosa. Each membrane was
placed against the buccal mucosa with sterile forceps for 3 to 5
seconds, removed, and immediately fixed in 95% ethanol. The mem-
branes were subsequently stained with hematoxylin and eosin and
immediately mounted and coverslipped.

The cells were counted by light microscopy at 400X magnification.
A coverslip with a photoetched grid pattern of 600-um squares (Elec-
tron Microscopy, Hatfield, PA) was used to calculate mean cellular
yield per unit area.

Impression Cytology Membrane Calibration for
Cell Removal from Corneas

The four membranes with the greatest cellular yield in the buccal
mucosa experiments (polycarbonate, PVDF, polyethersulfone, and
PTFE) were used in impressions of normal corneas. Impression
cytology was performed four times for each membrane on two eyes
of a healthy volunteer to determine whether cellular yield of buccal
mucosa correlates with the cellular yield of normal cornea. Each
membrane was gently placed against the cornea with sterile forceps
for three to five seconds and subsequently lifted and immediately air
dried for fixation. The membranes were subsequently stained with
an aqueous staining solution (Diff Quik; Richard Allan Scientific,
Kalamazoo, MI) and immediately mounted and coverslipped.

Tracking Punctate Spots Lifted from Dry Eye
Patients by Impression Cytology

To test the hypothesis that punctate spots are fluorescein stained
superficial cells, PTFE membranes were applied to 108 punctate
fluorescent spots in four patients with dry eye syndrome.
Fluorescein punctate stains observed by slit lamp examination
were photographed. A PTFE membrane strip was applied with sterile
forceps to an area with punctate spots for 3 to 5 seconds. The
membrane was removed, and the cornea was rephotographed under
cobalt blue light. Another drop of fluorescein was then instilled, and
the eye was reimaged. The impressed membrane was air dried and
examined by epifluorescence microscopy (Fluoview Fv1000a micro-
scope with 10X objective, UMNIBA3 narrow IF blue filter, excitation
bandpass filter 470-490 nm, emission bandpass filter BA 510-550,
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dichroic mirror 505; Olympus, Lake Success, NY). The membrane was
then stained and mounted in aqueous medium as described earlier
(Diff-Quik; Richard Allan Scientific). Air drying permitted visualization
of fluorescent cells by epifluorescence microscopy.

Individual punctate spots were localized to the membranes by
aligning patient landmarks on digital images with the fiducial marks on
the membrane.

Confocal Microscopy Three-Dimensional
Localization of Punctate Spots in
Cornea Specimens

Ten corneas removed from transplant patients with punctate keratopa-
thy and dry eye syndrome were examined by confocal microscopy.
Fifteen punctate spots were individually examined.

Fluorescein dye was applied to the cornea immediately before the
surgery and photographed. The cornea was carefully hydrated with
balanced salt solution (BSS; Alcon, Fort Worth, TX). A peripherally
placed 10-0 nylon suture served as a fiducial. Time from fluorescein
installation to removal of cornea tissue was less than 15 minutes. The
corneal button was placed in 0.3 to 1.0 mL of a tear mimetic buffer (10
mM Tris buffer [pH 7.3], 130 mM NaCl, 24 mM KCl, 0.8 mM, CaCl,,
and 0.61 mM MgCl,) and transported to the laboratory on ice within 3
minutes.

The corneal button was oriented under a blue light with a
stereomicroscope and carefully bisected so that the punctate spots
on the cornea could be viewed in a customized chamber, both en
face and in cross section. Fluorescent punctate spots were imaged
with a confocal laser scanning microscope equipped with emission
dichroic mirrors for each laser and a galvanometer diffraction grat-
ing for 2-nm wavelength emission resolution (Fluoview FV1000a;
Olympus). The cornea was counterstained with DAPI, propidium
iodide, or a red nucleic acid stain (Syto 61; Invitrogen, Carlsbad, CA)
for 6 minutes and washed six times in tear mimetic buffer. The area
of interest was sequentially scanned at A, /A., = 488/519 nm
(fluorescein), 405/461 nm (DAPID) 559/619 nm (propidium iodide),
and 635/645 nm (Syto 61). The scanned images were manipulated
with image-analysis software (for cellular fluorescein localization;
Volocity or Fluoview software; Olympus).

Fluorescein Staining and Photography

A wet fluorescein strip containing 0.6 mg of dye (Ful-Glo strip;
Akorn Pharmaceuticals, Inc., Buffalo Grove, IL) was applied to the
inferior fornix, according to the manufacturer’s instructions. After 3
minutes, the cornea was photographed under a cobalt blue light
source (BQY00; Haag Streit, Koniz, Switzerland) at 10X to 16X
magnification. Manual camera settings for slit lamp or operating
microscope photography were ISO 100, 1/8, F2.9, VR, tungsten

TABLE 1. Impression Cytology Membrane Identifiers and Properties

Pore Size  Porosity

Membrane (Alternate Names), Company (pm) (%) Thickness
Glass (German Glass), EMS* NAt NA 160-190 um
Cellulose acetate plastic (CA plastic), EMS NA NA 1570 wm
Rinzl (clear vinyl), EMS NA NA 280 wm
Thermanox (TMX, polyolefin polymer), EMS NA NA 200 pm
Polycarbonate (Isopore), Millipore 0.4 5-20 7-22 pm
Polyvinylidene fluoride (PVDF, Durapore), Millipore 0.45 75 125 um
Polyethersulfone (PES, Express PLUS), Millipore 0.45 60-80 130-155 um
Polytetrafluoroethylene (PTFE, Omnipore, Biopore, Teflon),

Millipore 0.45 80 65 um
Mixed cellulose ester (MCE, MF filter), Millipore 0.45 79 180 um
Surfactant-free mixed cellulose ester (SF MCE, Immobilon-

NC membrane, Triton-free), Millipore 0.45 79 180 um

* Electron Microscopy Sciences (EMS, Hatfield, PA) and Millipore (Billerica, MA).
1 Coverslip materials not characterized by pore sizes or hydrophilicity (NA).
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cytology of buccal mucosa. The data represent the mean (£SD) cellu-
lar yield from seven independent experiments. Statistical results are
shown in Table 2.

light, no flash, fine 13 m, 2-second delay, yellow gel filter no. 312
(Coolpix p6000; Nikon, Tokyo, Japan), with a slit lamp adapter (Zarf
Enterprises, Spokane, WA). Camera settings for macro photography
without the slit lamp were identical, except a macro close-up
setting and yellow filter were used (Wratten 12; Eastman Kodak,
Rochester, NY).

Statistical Analysis

Comparison of cellular yield for various impression cytology mem-
branes was performed with a Student’s two tailed #test. To determine
whether punctate spots on the cornea that disappeared with impres-
sion cytology correlated to cells observed at expected locations on the
membrane, a two-way contingency table was constructed and analyzed
by Fisher’s exact test. The distribution of punctate spots in the five
layers of corneal epithelium was analyzed with the sign test under the
hypothesis that punctate spots would distribute equally in the super-
ficial versus the lower layers, with a population median in cell layer
three.

RESULTS

Cellular Yield Comparison on Membranes of
Varied Composition

Cellular yield from the buccal mucosa varied with membrane
composition (Fig. 1). Mixed cellulose ester membranes and
PTFE showed the greatest yield. Coverslip materials yielded the
fewest cells. There were statistically significant differences in
yield between most membranes (Table 2).

cytology of control corneas. The data represent the mean (£SD)
cellular yield from four independent experiments. P values from cel-
lular yield comparisons, by Student’s #test, appear above the brackets.
*P < 0.05.

The membranes differed in handling and staining character-
istics. Mixed cellulose ester membranes were stiff and fragile,
which made them difficult to cut into small sizes. Polycarbon-
ate membranes clung to the mucosal surface, which resulted in
more uniform and consistent apposition of all areas to surfaces.
After staining, the coverslips remained transparent, whereas
synthetic membranes varied in background intensity. The two
cellulose ester membranes stained very darkly with Giemsa and
hematoxylin, thereby complicating staining and analysis by
light microscopy.

Coverslip materials (low yield) and mixed cellulose ester
membranes (dark staining) were excluded from subsequent
experiments that compared cellular yield from the corneal
surface.

The results for comparison of cellular yield from polycar-
bonate, PVDF, polyethersulfone, and PTFE membranes on nor-
mal corneas are shown in Figure 2. PTFE provided the greatest
cellular yield, followed by polyethersulfone, PVDF, and poly-
carbonate. The relative order was the same as that found with
buccal mucosa. PTFE had both minimum background staining
and excellent cellular yield and was considered optimal for the
clinicocytologic correlation of punctate spots.

Impression Cytology from Dry Eye Patients with
Punctate Fluorescein Staining

Impression cytology on corneas using PTFE membranes suc-
cessfully lifted 81 of the 108 punctate fluorescent spots tested
in four patients (Table 3). An example is shown in Figure 3.
After impression cytology, fluorescein was reapplied to the

TABLE 2. P Values Comparing Cellular Yield from Buccal Mucosa for Various Membranes in Figure 1

Membrane CA MCE
(Cellular Yield Means) Thermanox Rinzl Plastic Polycarbonate PVDF PES PTFE SFMCE (151.3 cells/mm?)

Glass (0.96 cells/mm?) 0.0156 0.0009  0.004 0.0001 0.003 0.001 0.0002 9 X 107> 3X10°°
Thermanox (1.95 cells/mm?) 0.149 0.023 0.001 0.007 0.002 0.0002 9 X 10> 3X 107>
Rinzl (2.72 cells/mm?) 0.080 0.008 0.013 0.002 0.0003 9 X 107> 3X10°°
CA Plastic (4.54 cells/mm?) 0.856 0.090 0.003 0.0003  0.0001 3X10°°
Polycarbonate (4.96 cells/mm?) 0.092 0.003 0.0003 0.0001 3X10°°
PVDF (8.22 cells/mm?) 0.005 0.0004  0.0001 4xX10°
PES (41.13 cells/mm?) 0.009 0.001 0.0001
PTFE (95.31 cells/mm?) 0.264 0.040
SF MCE (122.5 cells/mm?) 0.312
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TABLE 3. Two-Way Contingency Table Correlating a Punctate Stain to a Cell at a Precise Location

Punctate Stain Removed by
Impression Cytology

Punctate Stain Not Removed
by Impression Cytology

Cell present on membrane
Cell not present on membrane

21
6

cornea, and a fluorescein staining membrane outline was ob-
served that matched the size and shape of the membrane (Fig.
3C). This outline provided fiducials for tracking membrane-
ocular surface contact positions by light microscopy. A magni-
fied view of the membrane in the position of the original
punctate stain revealed a single cell (Fig. 3G).

The two-way contingency table permitted statistical corre-
lation of the clinically identified spots with the cells on the
cytology membrane (Table 3). Punctate spots that disappeared
from the cornea after membrane impression positively corre-
lated with cells in the expected positions cytologically (P =
0.015). Of the 81 lifted punctate spots, 77 could be traced to a
particular cell on the membrane. Only four of the spots that
disappeared were not correlated to cells. Twenty-one spots
remained on the cornea after membrane cytology, but cells
could still be identified in the location of the original punctate
stains. Six punctate spots remained on the cornea after impres-
sion, and no cells were identified in the expected location on
the membrane. Impression membranes, however, failed to
remove 27 of the 81 punctate fluorescein spots, raising the
possibility of a location inaccessible to the membrane.

Removal of Deep Epithelial Punctate Fluorescent
Spots by Impression Cytology

The hypothesis that the spots remaining after membrane cy-
tology are deep in the epithelium was tested by extending the
time the membrane contacted the cornea to remove multilay-
ered sheets of epithelium. In two dry eye patients, the mem-
brane was applied for approximately 20 to 30 seconds, which

created some areas where multiple epithelial cell layers were
removed (Figs. 4, 5). In these areas, 55 (100%) punctate spots
were removed by impression cytology. In other areas, where
only one cell layer was removed, 27% of the spots disappeared.
Thus, removal of multiple cell layers of epithelium correlated
with the removal of all punctate spots (P < 0.0001).

Confocal Microscopy of Punctate Fluorescent
Spots after Penetrating Keratoplasty

Fluorescein dye, applied before surgery, was retained within
cells after corneal transplantation. This fortuitous observation
permitted visualization of the corneal epithelial cellular archi-
tecture by confocal microscopy of the specimen. Fluorescein
dye appeared to penetrate most epithelial cells. Relative nega-
tive staining of intercellular spaces and nuclei revealed the
distinctive corneal cytoarchitecture that allowed three-dimen-
sional localization (Fig. 6).

Areas of more intense fluorescence localized to the same
position as the fluorescent punctate spots seen clinically. The
intense fluorescence of the punctate spots appeared to be
within the cytoplasm of the epithelial cells (Figs. 7). Nuclei
were often seen as a relatively hypointense area within these
cells and in some cases were not visible (Fig. 8). The spots
were also identified via confocal microscopy after nuclear
staining (Fig. 9). The three-dimensional reconstruction from
cross-sectional and axial scans for 15 punctate fluorescence
spots showed that 7 (47%) spots distributed to the superficial
most layer of the cornea. Five (33%) punctate spots localized to
the second layer of superficial cells, and three (20%) localized

FIGURE 3. Impression cytology of a punctate spot. (A) Clinical photograph of limbal area exhibits a
hyperfluorescence spot, encircled. Linear limbal fluorescence provided fiducials. (B) Disappearance of the
punctate spot after impression cytology. (C) After repeat instillation of fluorescein, a hyperfluorescent
outline of the membrane remains. (D) Enlargement of the punctate spot encircled in (A) and the
corresponding spot on the impression membrane, viewed with epifluorescence (E). The hyperfluorescent
spot localized to a cell (circle) after rapid, air-dried staining of the membrane (F), which features less
distinct cytoplasmic and nuclear borders than do the adjacent cells (G). Original magnification: (A-D)

X10; (E, F) X100; (G) X400.
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FIGURE 4. Complete loss of punctate spots in an area of multicell layer removal. Clinical photograph of
fluorescein staining with the membrane outlined in red (A). Clinical photograph after impression cytology
(B). Appearance after repeat fluorescein instillation showing intense staining in the area where multiple
layers of epithelial cells were removed and less intense staining superiorly outlining the remaining sites of
membrane contact (C). Results after rapid staining are shown in Figure 5. Original magnification, X16.

to the first wing cell layer. None was found in the two most
basal layers. The predilection for distribution in the superficial
epithelial layers was significant (P < 0.00049).

DISCUSSION

This study had two key findings. First, cellular yield in impres-
sion cytology is highly membrane dependent, with PTFE mem-
branes providing the highest cellular yield while retaining
cytologic visibility after staining. Second, fluorescent punctate
spots in the cornea in dry eye disease derive from fluorescein
within the cytoplasm of cells in the superficial epithelial layers.

Impression Cytology

Studies of ocular surface impression cytology have explored
various materials from cellophane tape and photographic film
to various synthetic filters (Duralon; Polyvic and Mitex; both by
Millipore), plastic or glass coverslips and even glue.*”~>* Some
studies of cellular yield by membranes are limited to a single
membrane material and only give semiquantitative informa-
tion, such as cell coverage,*>%° in regard to pore size. Another
compared two types of membranes but did not provide a
standard measure such as cells per unit area.>* Although Bio-
pore (Omnipore, Teflon PTFE; Millipore) has been touted as
the optimal membrane for cytology, a direct statistical compar-
ison of cellular yield with a large panel of membranes is
lacking.>>¢

One of the rare reports of quantitative cell yield compared
three different plastic membrane materials in patients with
conjunctivitis.”’ The results showed more cells lifted per
square millimeter with autofluorescence coverslips (1.3 =
0.37; Thermanox; EMS, Hatfield, PA) than plastic polyethylene
terephthalate (0.79 = 0.24) and plastic cellulose acetate (CA)
membranes (0.76 = 0.28). By comparison, we found a similar
yield for Thermanox and slightly more for CA (Fig. 1) from
buccal mucosa. The difference may be attributable to differ-
ences in impression technique and the large number of inflam-

FIGURE 5. Rapid-stained membrane
contained an area where multiple epi-
thelial cell layers were removed (cor-
responding to Fig. 4, clinical photo-
graphs). Magnification: (A) X40; (B)
X100; (C, D) X400.

matory cells in their samples from inflamed conjunctiva. In any
case the yield was significantly lower than with PTFE.

The four membranes identified from the buccal mucosa
cytology experiments as optimal gave similar cell yields in the
cornea. One exception is that the difference between PTFE
and polyethersulfone was not statistically significant in the
cornea but was statistically significant in the buccal mucosa.
This result may reflect the small sample size for the cornea.

The effect of membrane pore size,*>%° presence or absence
of surfactant,®>7-5% and directionality (dull versus shiny side)
of membranes®® (Yoshiaki K, et al. JOVS 1991;32:ARVO Ab-
stract 342) on cytologic characteristics have been compared.
The low yield of polycarbonate is not explained by pore size
(0.4 pm) but may be related to the density of the pores
(porosity Table 1). Polycarbonate membranes have been used
as an alternative to mixed cellulose esters,*® specifically for
air-dried rapid stains (Diff Quik; Richard Allen Scientific) be-
cause there is less background color, but cellular yield was
reported to be lower.*?

The effect of surfactant on cellular yield has been contro-
versial. “>57>® One membrane used in this series was a surfac-
tant-free membrane (SF MCE), but it showed no statistically
significant difference in cellular yield compared with the sur-
factant-containing alternative (MCE).

Cellulose acetate membrane has been compared with PTFE
for ease of application to the conjunctiva. The thin PTFE
membrane has been noted to roll during specimen collec-
tion.>* In the present study, we found flexibility of PTFE
advantageous to apply to the corneal surface but the stiffness
of cellulose ester membranes and coverslip materials vitiated
uniform contact.

Impression cytology has been used in several different ap-
plications. PTFE membranes are preferred for immunohisto-
chemistry, ELISA, and the study of neoplasms of the ocular
surface.>>°°~%2 Issues of cost have led some investigators to
consider other alternatives—for example, glass slides—as a
more cost-effective way of performing impression cytology.’®

b N
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The focus of this study was quantitative differences of cellular
yield. However, the choice of membrane must ultimately be
tailored to the specific application and situation.

Punctate Staining

Similar to previous work, most corneal epithelial cells showed
uptake of fluorescein (Fig. 6).%> With the slit lamp equipped
with cobalt blue filters, only brightly stained cells were dis-
cernible as punctate spots. The fluorescence intensity of the
punctate spots permitted tracking of the isolated cells. Al-
though some punctate spots were removed with impression
cytology, some spots remained, suggesting an origin from a
deeper epithelial layer that was inaccessible to the membrane.
This notion is supported by the observation that longer resi-
dence time of the membrane resulted in lifting more layers of
the epithelium and more punctate spots.

However, some punctate spots disappeared after mem-
brane impression, but could not be traced to the correspond-
ing locations on the membrane. Possible explanations include
poor adherence to the membrane during the application, dis-
lodgement of cells during membrane fixation and staining,
disruption of intact cells, or diffusion of the dye. Alternatively,
this minority of fluorescent punctate spots may not originate
from cells.

IOVS, April 2011, Vol. 52, No. 5

FIGURE 6. Axial confocal microscopy
of cornea. Control corneal button, with-
out clinical punctate staining. Confocal
z-stack scans were taken at various
depths from the surface: (A) 5 um; (B)
25 pum; (O) 45 pm. Original magnifica-
tion, X600.

One might argue that punctate staining cells are exfoliating
epithelia that are more easily collected by the membrane,
especially in light of the morphologic appearance of some
lifted cells (Fig. 3G). However, punctate stained cells were not
the only cells removed; more than half of the cells removed
were not related to punctate spots. Furthermore, many punc-
tate spots could not be removed by impression cytology. A
fluorescent cell in the second or third cell layers would not be
accessible to the membrane. Other evidence against punctate
spots as exfoliating cells is the lack of disappearance with
irrigation.‘io’41

The presence of concurrent corneal diseases of these trans-
plant specimens was a clear but unavoidable limitation of this
study. Seven of 10 of the transplanted corneas had concomi-
tant bullous keratopathy, which is known to have pronounced
exfoliation of epithelium.®* Since the distribution of staining in
these cases showed fluorescence in the deeper layers of epi-
thelium it is likely that exfoliation does not account for the
spots.

Fluorescent punctate spots cannot be attributed to deposi-
tion of fluorescein in intercellular spaces because of the rela-
tive negative staining of the intercellular spaces (Fig. 6). Punc-
tate spots were localized to the epithelium in every case.
Specifically, the cells distributed to the first three cell layers.

FIGURE 7. Confocal microscopy of punctate spots. Clinical photograph of punctate spots immediately
before corneal transplantation (A). Epifluorescence photograph of the corneal button demonstrates
punctate stains. Preoperative fluorescein was still present in the tissue (B). Punctate staining of cornea in
cross section (C). After DAPI staining, punctate stains appeared in the second cell layer (D). Original
magnification: (A) none; (B) X100; (C) X100; (D) X600.
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FiGure 8. Confocal microscopy im-
ages of punctate staining. Cross section
of punctate stain with DAPI nuclear
staining (A). Axial view of punctate stain
with nuclear staining (red;, B). Original
magnification, X600.

Thus, superficial and wing cells are the cells responsible for
punctate spots. Although similar data are not available in hu-
mans, others have demonstrated that fluorescein stains normal
rabbit corneal epithelial cells and that punctate spots are the
size and shape of epithelial cells.>>*°

Localization of the punctate spot constitutes the first step in
determining the etiology. The greater intensity of fluorescence
may reflect differences in the intracellular concentration of
fluorescein or fluorescence lifetime. Since high concentrations
of fluorescein can result in self-quenching,'>3*%* the relative
intensity of the punctate staining may not reflect an increased
concentration.

An abnormal epithelial cell, such as a cell undergoing apop-
tosis with loss of membrane integrity, could interact differently
with fluorescein than might the surrounding cells. Alterna-
tively, an external factor, such as a mucin defect could result in
loss of a protective barrier.®>~°” Mucin abnormalities have

FIGURE 9. Confocal microscopy of
punctate staining cells. Nucleus stained
with DAPI (A, B) or propidium iodide
(C). Original magnification, X600.

Hyperfluorescent Epithelial Cells Are Punctate Spots
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been linked with corneal punctate staining in atopic disease.®®
MUCI and -16 are produced by superficial epithelial cells, a
location consistent with the topographic distribution of punc-
tate spots in our data.®*°®®® Conjunctival expression of
MUCI6 is reduced in dry eye.”® Breaches in the MUC16 glyco-
calyx are found in bullous keratopathy®?; identical histologic
findings are reported with concomitant dry eye disease.”' A
rendition of punctate spots can be created by impression
cytology, possibly by removal of mucins.** Alternatively, the
membrane impression technique may disrupt cells. Further
study of this model is needed.

Punctate staining is an important sign of dry eye disease
and ocular surface irritation. These fluorescent spots have
been considered toxic,”?74 infiltrative, and even infectious
events.”*7> Compromised tight junction integrity,*>* increased
epithelial permeability,”® and cell death have been invoked as
causes.>*3° Because in this study the so-called punctate epithelial
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erosions corresponded to enhanced fluorescence in superficial
epithelial cells of the cornea, the simple term fluorescent epithe-
lial cells (FLECs) seems more suitable. In any case, the pathophys-
iologic events leading to the hyperfluorescence of these cells can
now be the cynosure.
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