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Abstract

Background/Aims—Corneal impression cytology is usually performed with mixed cellulose
ester membranes and a limited array of stains. A method using polycarbonate membrane air dried
preparations led to the discoveries of fluorescein staining in cells from patients with and without
dry eye disease and a membrane induced defect that is not due to cell removal.

Methods—Impressions were performed using polycarbonate and mixed cellulose ester
membranes with rapid staining protocols for Diff-Quick as well as hematoxylin and eosin stains.
Prior to staining the air dried material was examined for fluorescence.

Results—Epithelium of both normal and dry eye corneas retained fluorescence from clinical
instillation of fluorescein. Corneal defects created by the polycarbonate membrane could not be
explained by membrane induced cell removal. After rapid staining, polycarbonate membranes
revealed less background, dissolved easily prior to coverslip application, but showed lower cellular
yield compared to the mixed cellulose membranes.

Conclusion—Polycarbonate membrane impression cytology enables immediate assessment with
rapid stains. Topically applied fluorescein penetrates corneal epithelial cells in both normal and
dry eye patients. Cells fluoresce on the cytology membranes. The impression induced defect on
the cornea is not due to cell stripping and may represent removal of mucins.

Keywords
impression cytology; polycarbonate; Diff-Quick; fluorescein; dry eye

In impression cytology, air dried or ethanol fixed membranes are usually stained with
Giemsa, Periodic Acid Schiff (PAS), or Papanicolaou stains for assessment of goblet cell
density or squamous metaplasia in dry eye.[1—3] Immediate assessment of cellular adequacy
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is precluded because cells are invisible on the cytology membranes until dyes are applied.
Rapid staining dyes bind avidly to mixed cellulose ester membranes and require destaining.
Their opaque fibrous nature led to the need to dissolve the membranes or to remove cells
from the membranes for immunohistochemistry.[4, 5] A modification is needed for
immediate assessment of cellular yield, use of rapid stains and complete dissolution of the
membrane.

INNOVATION

A polycarbonate membrane permitted immediate assessment with rapid staining dyes. The
membrane dissolves completely with non-polar organic solvents, eliminating the
background seen in mixed fiber membranes. If the air dried membrane preparation is
impressed after instillation of topical fluorescein, cellular adequacy can be instantly assessed
by fluorescence. This technique led to the discovery of fluorescein penetration in normal
cornea surface epithelium, a phenomenon that has not been observed at the slit lamp. A
membrane derived defect that produces clinical fluorescein staining was also discovered.

METHODS

Impression Cytology

Trimmed polycarbonate membranes (Millipore-Isopore, 0.1 um) were pressed on the cornea
for 20 seconds and air dried. The membranes were photographed directly under a
fluorescent microscope (Nikon SMZ 1500 excitation 450-490nm; emission 500-550nm).

Comparison of Membranes for Cytologic Staining and Cellular Yield

CASES

Polycarbonate (Millipore-Isopore, 0.1 um) mixed cellulose ester membranes (Millipore-MF,
0.22 pm and 0.45 um) were impressed on buccal mucosa, air dried, ethanol fixed, and
stained with Diff-Quick (Richard Allen Company) or hematoxylin and eosin. The
membranes were dissolved with chloroform and coverslipped.

Patient 1 Dry Eye Disease

A 24-year-old female had symptoms of dryness, soreness, stinging, itching, and redness of
the right eye. The OSDI score was 12.5.[6] Visual acuity was 20/15 in both eyes. Schirmer’s
values were 2 mm and 7 mm for the right and left eye, respectively. The mean fluorescein
tear breakup time (using Bio Glo, Rose Stone Enterprises) was 10.6 and 11.6 seconds for the
right and left eye, respectively.[7] Superficial punctate staining matched a grade I staining
pattern in the Oxford classification (fig 1A).[8]

Patient 2 Normal Subject

A 25-year-old male had no symptoms of dry eye. The OSDI score was 4.2.[6] Visual acuity
was 20/20 in both eyes. Schirmer’s values were 15 mm and 16 mm for the right and left eye,
respectively. The tear breakup time was 12.3 and 12.9 seconds for the right and left eye,
respectively.[7] Fluorescein staining was grade 0 bilaterally, Oxford classification.[8]
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In both cases, the inferior cul de sac was gently rinsed with normal saline over a 20 minute
interval to clear residual fluorescein and impression cytology performed. The corneas were
examined immediately after impression cytology, then after fluorescein re-instillation, and
once more after 3 hours.

Patients 1 and 2

Induced Non

Comparison

Fluorescent cells were observed on the membrane when viewed directly under the
fluorescent stereomicroscope but not when viewed under slit lamp illumination with a cobalt
blue filter (fig 1B and 2A). Squamous epithelium was seen in the Diff-Quick stained
cytology preparations (fig 1C and 2B). Cellular yield was greater in the dry eye than the
normal cornea.

-epithelial Defect

The cornea of patient 2 showed no residual fluorescein staining immediately after removal
of the membrane. With installation of additional fluorescein a defect that matched the shape
of the impression membrane appeared (fig 2C). Cells on the membrane were too few to
account for the defect and localized to one area (fig 2A). After 3 hours the defect was
smaller and patchy (fig 2D).

of Membrane Staining

Stains of polycarbonate membranes were compared to mixed cellulose ester. The
polycarbonate membrane showed less background stain but lower cellular yield than did the
mixed cellulose membranes (fig 3).

DISCUSSION

Impression cytology of the cornea is usually performed with Millipore mixed cellulose ester,
Biopore, or nitrocellulose membranes in concert with PAS and/or hematoxylin and eosin
stains (table 1). The fibers, debris and intense background staining of mixed cellulose ester
membranes may obfuscate cells.[5] Hematoxylin binds strongly to mixed cellulose ester
membranes so that cells must be viewed with a very bright light source. Rapid stains, such
as Diff-Quick, bind even more avidly to mixed cellulose ester membranes and are reported
only in conjunction with Thermanox plastic discs for conjunctival cytology.[9]

The absence of background stain with polycarbonate membranes is ideal for rapid stains and
air dried material, but the sample collection appears reduced. A lower yield from the
polycarbonate membranes may be limiting in certain applications. This decreased yield may
be related to the smaller pore size of the polycarbonate membranes.[g] The cellular yield
was greater from the dry eye patient than the normal subject. Apical cells in dry eye patients
may be less cohesive than normal.[lo] A quantitative study is needed for an accurate
assessment.

One observation accrued by air drying cells to the membrane was visualization of
fluorescein in cells during routine examination. This fact has escaped clinical detection.
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Many studies state that fluorescein neither stains vital tissues nor penetrates intact human
corneal epithelium.[s, 11, 12] In our study, a powerful fluorescence light source with
specific excitation and emission filter sets supplanted the insensitive cobalt blue filter at the
slit lamp. Studies in lapin corneas and cultured cell lines also show fluorescein penetration
into epithelium.[13]

The nature of superficial punctate staining in dry eye syndrome is uncertain. The punctate
fluorescence may reflect a greater concentration of fluorescein in unprotected cells or an
environment of altered fluorescence quenching.[lz, 14, 15] The observation of a fluorescein
staining defect left by impression cytology may hint at a possible explanation. Because the
defect matches the size and shape of the membrane but not the focal location of cells, a true
epithelial cell defect is excluded. Membrane disruption of the mucin derived glyocalyx
might alter permeability to fluorescein.[16, 17] Acellular PAS positive material on
membranes indicates the capacity to adhere mucins (fig 4).
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Figure 1.
(A) Photograph of the fluorescein stained right eye shows punctate staining pattern inferiorly

on the cornea of a dry eye patient. (B) Fluorescent microscopy of polycarbonate filter shows
singly stained cells throughout the filter (x40). (C) Polycarbonate filter stained with Diff-
Quick and dissolved using a solution of chloroform showing a stained epithelial cell (x500).
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Figure2.
(A) Fluorescent microscopy of polycarbonate filter shows stained cell of a normal subject

(x400). (B) The polycarbonate filter, stained with Diff-Quick, shows epithelial cells (x400).
(C) Photograph of the fluorescein stained cornea immediately post impression cytology. The
pattern matches the size and shape of the polycarbonate membrane. (D) Photograph of the
fluorescein stained impression defect 3 hours later.
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Figure 3.
(A) Buccal mucosa samples stained with Diff-Quick; membranes from left to right:

Millipore Isopore 0.1 um, Millipore-MF 0.45 pm, Millipore-MF 0.22 pm. (B) Buccal
mucosa samples stained with hematoxylin and eosin; membranes from left to right:
Millipore-Isopore 0.1 pum, Millipore-MF 0.45 pm, Millipore-MF 0.22 pm.
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Figure 4.
Acellular PAS positive material is evident on this impression cytology membrane (x1300)

and (inset x130).
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Table 1
Studies published in English of human corneal impression cytology that detail membrane and processing

procedures, [3, 18—25] references therein. Studies that did not detail the type of membrane or procedure have
been excluded.

Number of Studies Publishing Specific Membranes Usage and Procedures
Histochemical Stain ~ Immunohistochemistry PCR  DNA fingerprinting

Millipore mixed cellulose ester  pas™*g pAP 3 H&E 1 0 4 2
Millipore Biopore PAS ¥1 6 0 0
Millipore nitrocellulose PAS*3 4 0 0
Glass slide 0 2 0 0

FTA paper 0 0 0 1
Polycarbonate Diff Quick **1 0 0 0

*
Includes all modifications of the PAS stain.

Ak
Data from the current study.
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