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Purpose: To evaluate PAX8 expression by immunohistochemistry in the normal pediatric and adult crys-
talline lens and to assess the usefulness of PAX8 immunohistochemical stain in the diagnosis of morphologically
challenging lesions of lenticular origin.

Design: Retrospective, observational case series.

Participants: Fourteen congenital and acquired lens-derived lesions and 10 control crystalline lenses.

Methods: Hematoxylin—eosin and periodic acid—Schiff stains and an immunohistochemical panel of PAX8,
vimentin, S100, smooth muscle actin, AE1/AES, cytokeratin 7, and cytokeratin 5/6 antibodies were performed on
all tissues.

Main Outcome Measures:
lesions.

Results: Records search identified 10 normal pediatric and adult crystalline lenses, 1 phakomatous chori-
stoma, 1 Peters anomaly with adherent leukoma, 1 lens capsule with congenital pyramidal cataract formation, 2
lenses with anterior and posterior subcapsular cataract formation, 3 postsurgical cataractous lenses (Soemmerring
ring cataract and capsular fibrosis), and 6 retrocorneal membranes that incorporated various components of
metaplastic corneal endothelium, metaplastic lens epithelium, corneal stroma, and epithelial downgrowth. Strong
nuclear PAX8 expression was observed in the lens epithelium and in the equatorial lens bow of normal pediatric and
adult lenses. Nuclear PAX8 expression also was observed in the lesions that retained some of the epithelial
morphologic features, such as phakomatous choristoma, adherent leukoma, congenital pyramidal cataract, and
components of intraocular membranes with lens epithelial differentiation. PAX8 expression was lost in lens epithelial
lesions that had undergone mesenchymal transition, such as anterior subcapsular cataract and capsular fibrosis.

Conclusions: PAX8 antibody may be a useful adjunct to the immunohistochemical panels in morphologically
challenging lens epithelial-derived lesions that retain epithelial morphologic features. PAX8 is not useful in the
diagnosis of lens-derived lesions that feature epithelial-mesenchymal transition. Ophthalmology
Science 2021;1:100024 © 2021 by the American Academy of Ophthalmology. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Distribution of PAX8 expression in normal crystalline lens and in lens-derived
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The paired box (PAX) gene family encodes tissue-specific
transcription factors. The PAX2/5/8 gene subfamily and
PAXG6 gene play an important role in ocular development,
maintenance, and pathologic processes.' ' We recently
demonstrated nuclear PAXS8 expression in normal ocular
tissues, including the lens epithelium, iris pigment
epithelium, and ciliary body epithelium, and in iris and
ciliary body epithelial—derived neoplasms.'> These
observations suggest that PAX8 can be a useful
diagnostic marker of a select group of intraocular

Methods

The Wills Eye Hospital Institutional Review Board approved this
retrospective, observational case series and deemed that informed
consent was not required for this study. The study was performed
in compliance with Health Insurance Portability and Account-
ability Act guidelines and with the tenets of the Declaration of
Helsinki.

Patient and Tissue Selection

tumors and that the widely available PAXS8 antibody
should be considered in diagnostic
immunohistochemical panels for morphologically
challenging intraocular neoplasms.'” In this study, we
explored PAXS8 expression by immunohistochemistry in
the normal human crystalline lens and lens-derived le-
sions and assessed the usefulness of the PAX8 immuno-
histochemical stain in the diagnosis of morphologically
challenging lesions of lenticular origin.

© 2021 by the American Academy of Ophthalmology
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/). Published by Elsevier Inc.

Records at the Department of Pathology at Wills Eye Hospital,
Philadelphia, Pennsylvania, and the Histopathology Department at
Royal Hallamshire Hospital, Sheffield, United Kingdom, were
searched for representative cases of normal pediatric and adult
enucleated eyes and crystalline lenses, congenital lens-derived le-
sions (Peters anomaly with adherent leukoma, phakomatous cho-
ristoma, and congenital cataract), and degenerative lens-derived
lesions (age-related cataracts, postsurgical cataractous changes, and
retrocorneal membranes incorporating lens-derived tissue). Data
collected included patient age, sex, specimen type, and diagnosis.
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Figure 1. Photomicrographs showing PAX8 expression in normal crystalline lens and in cataract lens. A, B, Normal adult crystalline lens: (A) normal adult
crystalline lens demonstrating (B) strong nuclear PAXS8 staining in the lens epithelium. C, D, Normal pediatric crystalline lens: (C) normal equatorial lens
bow in an infant crystalline lens demonstrating (D) strong nuclear PAX8 staining in the lens epithelium and the adjacent lens epithelial cells transitioning
into lens fibers. E—G, Anterior subcapsular cataract. E, Anterior subcapsular cataract demonstrating fibroblast-like cells surrounded by a delicate periodic
acid—Schiff (PAS)-positive material (arrow). The PAS stain also highlights the thick overlying anterior lens capsule and a fibrovascular pupillary mem-
brane. F, PAXS8 results are negative in the nuclei of fibroblast-like cells of the anterior subcapsular cataract, magnified in the inset. The granular black
pigmentation noted in the pupillary membrane is iris melanin pigment. G, Smooth muscle actin (SMA) staining of the anterior subcapsular cataract,
compatible with myofibroblast-like metaplasia of the lens epithelium. H, I, Posterior subcapsular cataract: (H) bladder cells in posterior subcapsular cataract
(arrow) demonstrating (I) strong nuclear staining results for PAX8. Stains, hematoxylin—eosin (A, C), PAX8 (B, D, F, 1), PAS (E, H), and SMA (G);
original magnifications, x400 (A, B, E, G, H, I) and x200 (C, D).

Histopathologic and Immunohistochemistry immunoglobulin G, clone MRQ-50, raised against N-terminal part
Analysis of PAXS, prediluted; Cell Marque, Rocklin, CA); S100 (pre-

diluted; DAKO); smooth muscle actin (SMA; 1:600; DAKO);
Routine sections stained with hematoxylin—eosin and periodic cytokeratin (CK) 5/6—antigen CKS5, major partner of CK14 (pre-
acid—Schiff (PAS) were prepared from paraffin-embedded, diluted; DAKO); CK7 (prediluted; DAKO); pancytokeratin AE1/
formalin-fixed tissues. Immunostaining was performed with the AE3 (1:400; Leica Biosystems); and vimentin (prediluted; Leica
following primary antibodies: PAX8 (mouse monoclonal Biosystems). Peroxidase activity was visualized by applying
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Figure 2. Photomicrographs showing PAX8 expression in phakomatous choristoma and Peters anomaly with keratolenticular adhesion. A—H, Phakom-
atous choristoma. A, Phakomatous choristoma demonstrating characteristic islands composed of cataractous bladder cells (asterisk) and foci of dystrophic
calcification (arrow) surrounded by cuboidal lens epithelium with thick lens capsule-like basement membrane material in a background of fibrotic stroma
(arrowhead). B, Periodic acid—Schiff (PAS) stain highlighting the thick basement membrane material reminiscent of lens capsule surrounding the cuboidal
lens epithelium. C, Corresponding section showing a strong nuclear PAX8 expression in lens epithelium and bladder cells. The fibrotic stroma does not show
positive stain results with PAX8. D, Focal positivity (arrow) of stromal component for smooth muscle actin (SMA), compatible with myofibroblastic
differentiation reminiscent of anterior subcapsular cataract and capsular fibrosis. E, F, A region in phakomatous choristoma that lacks typical morphologic
features and may present a diagnostic challenge with hematoxylin—eosin and PAS stains alone. G, Corresponding section stained with PAX8 highlighting
bands and strands of lens epithelial cells that (H) coexpress S100. I—L, Peters anomaly with keratolenticular adhesion. I, Peters anomaly with kerato-
lenticular adhesion demonstrating lens epithelium adherent to the posterior corneal surface (arrowhead) and focally entrapped in the fibrotic corneal stroma
(arrow). Bladder cells also are present (asterisk). J, Corresponding PAS-stained preparation highlighting thick PAS-positive basement membrane material
(lens capsule) overlying the cuboidal lens epithelium and PAS-positive material surrounding individual spindle cells (arrowhead), compatible with capsular
fibrosis. K, Corresponding section stained with PAX8 highlighting the strong nuclear expression in the lens epithelium on the posterior corneal surface and
entrapped in the corneal stroma (arrow). Nuclear staining also shows positive results in bladder cells, but is lost in the fibrous metaplasia of the lens
epithelium (arrowhead). L, Vimentin shows positive results in the lens tissue and in the corneal stroma. Stains, hematoxylin—eosin (A, E, I), PAS (B, F, J),
PAXS8 (C, G, K), SMA (D), S100 (H), and vimentin (L); original magnifications, x100 (A) and x200 (B—L).
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Figure 3. Photomicrographs showing PAX8 expression in congenital anterior polar pyramidal cataract. A, Pyramidal cataract (asterisk) with an adjacent
anterior lens capsule (arrow). B, Higher magnification of anterior lens capsule with morphologically normal lens epithelium (arrow) demonstrating strong
nuclear PAX8 expression (inset). The adjacent anterior pyramidal cataract (asterisk) features a proliferation of plump cells with morphologic features
intermediate between epithelium and fibroblasts. C, Strong nuclear PAX8 expression in pyramidal cataract. D, Strong cytoplasmic smooth muscle actin
(SMA) expression in pyramidal cataract. Stains, hematoxylin—eosin (A, B), PAX8 (C), and SMA (D); original magnifications, x100 (A) and x400
(B—D).

diaminobenzidine solution containing 0.05% H,O,. Sections were
counterstained with a modified Mayer’s hematoxylin, dehydrated,
cleared, and mounted. Appropriate positive and negative controls
were run with each batch. Additionally, PAX8 expression in
normal lymphocytes served as an internal positive control. All
immunohistochemical stains were prepared on Leica autostainer
BOND III (Leica Biosystems) in accordance with the manufac-
turer’s instructions. Immunohistochemical stains were scored
semiquantitatively based on the strength of cytoplasmic (S100,
SMA, CK5/6, CK7, and AE1/AE3) and nuclear (PAX8 and S100)
expression as follows: 0 = no staining, 14+ = weak staining, and
2+ = moderate to strong staining. The tissue distribution of the
reaction product also was recorded.

Results

Patients and Tissues

A pathology record search identified 10 normal pediatric
and adult crystalline lenses, 1 phakomatous choristoma, 1
Peters anomaly with adherent leukoma, 1 lens capsule with
congenital pyramidal cataract formation, 2 lenses with
anterior and posterior subcapsular cataract formation, 3
postsurgical cataractous lenses (Soemmerring ring cataract
and capsular fibrosis), and 6 retrocorneal membranes that
incorporated various components of metaplastic corneal
endothelium, metaplastic lens epithelium, corneal stroma,
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and epithelial downgrowth. The patient demographics, his-
topathologic diagnosis, and tissue submitted for pathologic
evaluation are summarized in Supplemental Table 1.

Histopathologic and Immunohistochemistry
Analysis

In pathologic processes, lens epithelial-derived tissues
were recognized by the presence of cuboidal epithelial
cells with eosinophilic cytoplasm associated with thick
PAS-positive basement material (compatible with lens
epithelium and lens capsule), cells with centrally or
slightly eccentrically located small ovoid nuclei and
abundant dense eosinophilic cytoplasm (bladder cells of
Wedl), and fibroblast-like cells individually surrounded by
a delicate layer of PAS-positive material frequently asso-
ciated with a segment of lens capsule (fibrous metaplasia
of the lens epithelium, capsular fibrosis). These findings
are illustrated in Figures 1, 2, 3, and 4.

The immunohistochemical profile of normal pediatric
and adult anterior segment tissues is summarized in Table 1
and Supplemental Table 1. Specifically, PAX8 was
expressed with strong intensity in the basal and suprabasal
corneal epithelium and focally in the conjunctival
epithelium, in nearly all nuclei of the lens epithelium,
peripheral cells of the equatorial lens bow, ciliary body
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epithelium, iris pigment epithelium, and iris sphincter and
dilator muscle. Corneal stroma and corneal endothelium
showed negative results for PAXS8 (Figs 1—4).

The immunohistochemical profile of congenital and
degenerative lens-derived lesions is summarized in
Supplemental Table 1. Specifically, PAX8 results were
moderately to strongly positive in the nuclei of most lens
epithelial and bladder cells of phakomatous choristoma, in
congenital anterior polar pyramidal cataract, in the area of
keratolenticular adhesion in Peters anomaly, in the
cuboidal lens epithelial cells incorporated into retrocorneal
fibrous membranes, and in the occasional bladder cells of
posterior subcapsular and Soemmerring ring cataracts
(Figs 1—4). PAX8 finding also were moderately to
strongly positive in both membranes featuring corneal
epithelial downgrowth (Fig 4) and in 1 of 2 membranes
featuring conjunctival epithelial downgrowth. PAXS8 stain
results were either positive for rare nuclei or were entirely
negative in the tissues demonstrating fibroblast-like/
myofibroblast-like metaplasia of the lens epithelium,
including the fibrous component of phakomatous chori-
stoma, anterior subcapsular cataract, lens capsular fibrosis,
and retrocorneal fibrous membranes of lens epithelial deri-
vation. Conversely, these tissues showed positive stain re-
sults with SMA, consistent with myofibroblastic
differentiation. Interestingly, the anterior polar pyramidal
cataract coexpressed diffusely both PAX8 and SMA,
possibly  reflecting an  intermediate  stage in
epithelial—mesenchymal transition and correlating with
histopathologic findings featuring plump cells that have
hybrid epithelial—myofibroblast features (Fig 3). S100
expression paralleled PAXS8 expression, although the
staining was, for the most part, weak to moderate (Figs
1-3).

Similar to prior studies, phakomatous choristoma and
adherent leukoma showed positive results for vimentin,
S100, and CK7 and showed negative results for CK5/6 and
AEI/AE3 (Fig 2)."*'* Similar to prior studies, reactive
corneal endothelium showed positive results for CK7, and
intraocular membranes of corneal endothelial derivation
showed positive results for vimentin, SMA, and CK7 and
showed negative results for CK5/6 and AEI/AE3. The
intraocular membranes of fibrocytic derivation showed
positive results for vimentin and SMA and showed
negative results for CK7, CKS5/6, and AE1/AE3. The

Volume 1, Number 2, June 2021

intraocular membranes derived from the surface
epithelium showed negative results for vimentin and
shol\_)veg positive results for CK5/6 and AEI/AE3 (Fig
4).°7

Discussion

The paired box transcription factor PAXS8 is critical for
development of the eye, thyroid gland, and urogenital
tract.'>'% In adults, PAX8 overexpression is seen in renal,
ovarian, and thyroid neoplasms and has emerged as a
specific marker for these cancers.'® As a result, the PAXS
antibody is widely used diagnostically and is readily
available in most pathology laboratories. Recently, we
demonstrated PAXS8 expression by immunohistochemistry
analysis in normal iris and ciliary body epithelium and in
the neoplasms originating from these tissues, suggesting
that PAXS8 antibody can be a useful adjunct in diagnostic
immunohistochemical  panels  for  morphologically
challenging intraocular tumors.'” In addition, we noted
PAXS8 expression in the normal lens epithelium leading to
the conception of the current study, designed to evaluate
in further detail PAX8 expression in the normal pediatric
and adult crystalline lenses and in various congenital and
degenerative pathologic processes that involve the lens.'”

This study confirms PAXS nuclear staining in the normal
lens epithelium and in the superficial equatorial lens bow in
pediatric and adult crystalline lens. PAX8 expression also
was noted in lens epithelial-derived lesions that retained some
lens epithelial morphologic features, such as the bladder cells
of Wedl, epithelial ribbons and islands in phakomatous
choristoma, anterior polar pyramidal cataract, and occasional
lens epithelial cells entrapped in capsular fibrosis. These
findings suggest that PAX8 may be a useful immunohisto-
chemical marker in morphologically challenging cases of
phakomatous choristoma and keratolenticular adhesion and
in cases when lens epithelium may need to be distinguished
from corneal endothelium. However, these diagnoses gener-
ally are based on morphologic assessment of the tissue with
hematoxylin—eosin and PAS stains and rarely require ancil-
lary immunohistochemical studies.

PAXS expression is lost in lesions where lens epithelium
undergoes mesenchymal transition, such as lens capsular
fibrosis, anterior subcapsular cataract, and the

Figure 4. Photomicrographs showing PAX8 expression in retrocorneal and keratoprosthesis membranes. A—E, Epithelial downgrowth and capsular fibrosis.

A, Variably thick basement membrane material, compatible with lens capsule (arrow) and adjacent capsular fibrosis (double arrowheads). Also note the
overlying cornea with uniformly thick Descemet membrane (single arrowhead). B, Higher magnification highlighting surface epithelial membrane on the
posterior corneal surface and focally on the surface of lens capsule (arrowheads). Capsular fibrosis with black iris melanin pigment (arrow) is present beneath
the thick anterior lens capsule. C, cytokeratin (CK5/6) results are strongly positive in the corneal surface epithelium and in the epithelial membrane
(arrowheads), compatible with epithelial downgrowth. D, PAXS results are positive focally in the nuclei of epithelial downgrowth (arrowheads and upper
inset). The capsular nuclei of fibroblast-like cells in capsular fibrosis (arrow) and lower inset (arrow) show negative results for PAX8. E, Vimentin shows

positive results in the capsular fibrosis (arrow) and in the corneal stromal fibroblasts (single arrowhead) and negative results in the epithelial downgrowth
(double arrowheads). F—H, Lens epithelial fibrous metaplasia in keratoprosthesis membrane. F, Spindle cell proliferation, associated with periodic
acid—Schiff (PAS)-positive basement membrane material surrounding a segment of distorted and degenerated iris. G, Higher magnification highlighting a
few cuboidal lens epithelial cells surrounded by PAS-positive material (arrow). H, PAX8-stained preparation corresponding to (F) highlighting the positive

staining results in the nuclei of iris sphincter muscle (arrow). The lens epithelial cells seen in (G) also show positive staining results with PAX8 (inset). The
fibrous component of the capsular fibrosis does not show positive staining results with PAX8. Stains, PAS (A, F, G), hematoxylin—eosin (B), CK5/6 (C),
PAXS8 (D, H), and vimentin (E); original magnifications, x100 (A, C, E, F), x200 (B, D, E, F), x400 (G, H), and x600 (all insets).
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Table 1. Immunohistochemical Profile of Normal Pediatric and Adult Anterior Segment Structures

Smooth Muscle

Tissue PAXS8 Vimentin Actin S100 AE1/AE3  Cytokeratin 5/6  Cytokeratin 7
Corneal epithelium 2+ B, SB 0 0 0 2+, diffuse 24+, diffuse 0
Corneal stroma (keratocytes) 0 1+ 0 0 0 0 0
Corneal endothelium 0 1+, diffuse 0 0 0 0 0
Conjunctival epithelium 2+ B, SB (focal) 0 0 0 2+, diffuse 2+, diffuse 2+, diffuse
Lens epithelium 2+, most cells 1+, diffuse 0 1+ to 2+, 0 0 0
diffuse
Equatorial lens bow 1-2+, peripheral 1+, diffuse 0 0 0 0 0
Iris pigment epithelium 2+, most cells 1+, diffuse 0 1+, diffuse 0 0 1+, diffuse
Iris sphincter/dilator muscles 2+, most cells 1+, diffuse 2+, diffuse 0 0 0 0
Iris stroma 0 1+, diffuse 0 2+ M 0 0 0
Ciliary body epithelium (bilayer) 24, most cells 1+, diffuse 0 14, diffuse 0 0 1+, diffuse
Ciliary body muscle 2+, most cells 1+, diffuse 2+, diffuse 0 0 0 0
Ciliary body stroma 0 14, diffuse 0 2+ M 0 0 0

B = basal epithelium; M = melanocytes; SB = suprabasal epithelium; O = no staining; 1+ = weak staining; 2+ = moderate to strong staining.

myofibroblastic component of phakomatous choristoma.
Importantly, PAX8 cannot distinguish between epithelial
downgrowth and lens epithelium. Thus, PAX8 is not a
useful diagnostic marker for these tissues, limiting its use-
fulness in the assessment of intraocular membranes.
Observation of PAXS8 expression in the corneal, lens,
iris, and ciliary body epithelia; the iris sphincter and dilator
muscles; and in retinal glial cells and a subset of retinal
neurons suggests that PAX8 may be involved not only in
embryologic development of the eye, but also in the ho-
meostasis and regeneration of these tissues.”'? However, it
has not escaped our attention that the distribution of PAX8
expression is similar to PAX?2 and PAX6, which are known
to play a crucial role in eye development and disease.”” "’
Specifically, PAX6 has been shown to be expressed in the
ocular surface and crystalline lens epithelia, ciliary body
and iris pigment epithelia, iris muscle, and retina.”®’%"
PAX2, PAXS, PAX6, and PAXS8 proteins all share
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