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Anti-desmoglein 3-mediated pathology of the human corneal 
epithelium in pemphigus vulgaris

Patología del epitelio corneal humano en el pénfigo vulgar 
mediada por anti-desmogleína 3
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John Affeldt1
1Loma Linda Eye Institute, Loma Linda University Medical Center, Loma Linda; 2Stein Eye Institute, David Geffen School of Medicine at UCLA, Los 
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Abstract

Purpose: To report novel corneal findings in an individual diagnosed with pemphigus vulgaris (PV), and to demonstrate a 
potential role for anti-desmoglein 3 (DSG3) autoantibodies in the pathology of the corneal epithelium. Methods: Cutaneous 
and slit-lamp biomicroscopic examinations were performed on a 37-year-old African American woman. To identify anti-DSG 
autoantibodies an oral mucosal lesion biopsy and a serum sample were used in several immunoassays. DSG transcripts in 
normal donor cornea, and DSG proteins in both donor and PV corneas, were measured using qPCR and fluorescence-im-
munohistochemitry (F-IHC), respectively. F-IHC was also performed to determine the presence of IgG1 and IgG4 in both 
donor and PV corneas. Results: Clinical examination revealed oral mucosal erosions and active, chronic ocular surface in-
flammation with significant superficial corneal scarring in both eyes. Anti-DSG3 autoantibodies were detected in the serum 
using an enzyme-linked immunosorbent assay. Direct immunofluorescence of oral mucosal lesion biopsy revealed intraepi-
dermal linear/granular immunoglobin G deposits, consistent with PV. Indirect immunofluorescence of the patient’s serum was 
negative, ruling out paraneoplastic pemphigus. All four DSG proteins were detected in normal donor cornea, while DSG3 
showed a marked reduction in PV cornea. IgG4 was detected at the corneal epithelial cell-cell junctions in the PV cornea, 
which coincides with the observed reduction of DSG3. Conclusions: Although PV primarily involves the skin and oral mu-
cosa, the corneal epithelium may also be affected. In the absence of any identifiable secondary cause, corneal pathology 
associated with PV is most likely mediated by IgG4 autoantibodies directed against DSG3 in the corneal epithelium.
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Resumen

Objetivo: Informar nuevos hallazgos corneales en un individuo diagnosticado con pénfigo vulgar (PV) y demostrar un 
posible papel de los autoanticuerpos anti-desmogleína 3 (DSG3) en la patología del epitelio corneal. Métodos: Se 
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Introduction

Pemphigus is a rare bullous dermatologic disease 
characterized by flaccid cutaneous blisters and/or ulcer-
ations of mucosal membranes caused by an autoim-
mune reaction directed against the desmoglein family 
of proteins, which are present in the desmosomes of 
epithelial cellular junctions1,2. The three main types of 
pemphigus include pemphigus vulgaris (PV), pemphi-
gus foliaceus (PF) and paraneoplastic pemphigus 
(PNP). Each pemphigus subtype has a unique clinical 
presentation that correlates to its specific autoantibody 
profile. Pemphigus vulgaris is by far the most common 
subtype of pemphigus and is caused by autoantibodies 
to desmoglein 1 (DSG1) and desmoglein 3 (DSG3)2. 
The majority of individuals with PV demonstrate both 
mucosal and cutaneous involvement, but isolated mu-
cosal disease can be seen. Pemphigus foliaceus has a 
more mild disease course than PV, with blisters limited 
to the skin, and is associated with autoantibodies to only 
DSG13,4. Paraneoplastic pemphigus typically presents 
with variable cutaneous findings, severe mucosal in-
volvement and an associated internal malignancy, most 
commonly non-Hodgkins lymphoma. The autoantibod-
ies of PNP bind to DSG1, DSG3 and the hemidesmo-
somal proteins of the dermoepidermal junction5,6. PNP 
can be distinguished from PV via direct and indirect 
immunofluoresence, which show antibodies located in 
both the epidermal desmosomes and hemidesmo-
somes of the dermoepidermal junction5.

Ocular involvement is an uncommon manifestation of 
PV, reported in only 7-26% of cases2,7,8. When manifest, 

the most common ocular finding is a noncicatricial bi-
lateral conjunctivitis2,7,9-11. Corneal involvement has 
been reported as exceedingly rare, with only 3  cases 
identified in the peer-reviewed literature prior to 
201412-14. In 2014, Chirinos-Saldana and colleagues 
published a series of 15 PV cases demonstrating cor-
neal changes15. It should be noted however, that this 
group was unusual in that only two patients had any 
extra-ocular manifestations of PV and many had con-
founding systemic conditions or received medications 
potentially associated with corneal changes15. Addition-
ally, none of the previous reports of ocular involvement 
in PV confirmed the direct involvement of the cornea 
through attempting to identify either DSG1 or DSG3 in 
the corneal epithelium or the presence of corneal au-
toantibodies to these desmogleins12-15. Therefore, we 
report primarily corneal involvement in PV, confirmed 
via the demonstration of an apparent colocalization of 
DSG3 and immunoglobulin G4 in the corneal epitheli-
um of an affected individual. 

Purpose

We report novel corneal findings in an individual 
diagnosed with PV and describe a potential role for 
anti-desmoglein 3 (DSG3) autoantibodies in the PV-as-
sociated pathology of the corneal epithelium. These 
findings may provide a pathophysiologic mechanism 
for the distinctive clinical presentation manifest in this 
case. In addition, we report the gene and protein ex-
pression of the desmogleins (DSG1-4) in the corneal 
epithelium.

realizaron exámenes cutáneos y de biomicroscopia con lámpara de hendidura a una mujer afroamericana de 37 años. 
Para identificar autoanticuerpos anti-DSG, se utilizó una biopsia de una lesión de la mucosa oral y una muestra de suero 
en varios inmunoensayos. Se midieron los transcritos de DSG en córnea de donante normal, y las proteínas de DSG en 
córneas tanto de donante como de PV, utilizando qPCR e inmunohistoquímica con fluorescencia (F-IHC), respectivamen-
te. También se realizó F-IHC para determinar la presencia de IgG1 e IgG4 en córneas tanto de donante como de PV. 
Resultados: El examen clínico reveló erosiones de la mucosa oral e inflamación crónica activa de la superficie ocular 
con cicatrización corneal superficial significativa en ambos ojos. Se detectaron autoanticuerpos anti-DSG3 en el suero 
utilizando un ensayo inmunoabsorbente ligado a enzimas. La inmunofluorescencia directa de la biopsia de la lesión de 
la mucosa oral reveló depósitos intraepidérmicos de inmunoglobulina G lineales/granulares, compatibles con PV. La in-
munofluorescencia indirecta del suero del paciente fue negativa, descartando pénfigo paraneoplásico. Se detectaron las 
cuatro proteínas de DSG en la córnea de un donante normal, mientras que la DSG3 mostró una reducción marcada en 
la córnea con PV. Se detectó IgG4 en las uniones célula-célula del epitelio corneal en la córnea con PV, lo que coincide 
con la reducción observada de DSG3. Conclusiones: Aunque el PV afecta principalmente la piel y la mucosa oral, el 
epitelio corneal también puede verse afectado. En ausencia de cualquier causa secundaria identificable, la patología 
corneal asociada con PV probablemente está mediada por autoanticuerpos IgG4 dirigidos contra DSG3 en el epitelio 
corneal.

Palabras clave: Pénfigo vulgar. Desmogleínas. Epitelio corneal. Autoinmunidad.
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Methods

The tenets of the Declaration of Helsinki were adhered 
to in the treatment of the individual reported in this study. 
Study approval was obtained from the Univeristy of Cal-
ifornia, Los Angeles (UCLA IRB #11-000020).

Clinical examination

A 35-year-old African American woman presented to 
the dermatology clinic at Riverside County Regional 
Medical Center (RCRMC). A standard cutaneous exam-
ination was performed by one of the authors (S.L.). The 
patient was subsequently referred to the Loma Linda 
University Eye Clinic where two of the authors (J.J. and 
J.A) performed a slit-lamp biomicroscopic examination.

Diagnostic laboratory tests

After informed consent was obtained, a peripheral 
blood sample and a mucosal lesion biopsy were collect-
ed. Serum was isolated from the plasma and submitted 
to the RCRMC Diagnostic Laboratory where an en-
zyme-linked immunosorbent assay (ELISA) was per-
formed for detection of anti-DSG3 autoantibodies. To 
rule out paraneoplastic pemphigus, serum was also 
subjected to indirect immunofluorescence (IIF) using rat 
bladder epithelium as a substrate6. Direct immunofluo-
rescence (DIF) using antibodies against immunoglobu-
lin isotypes was also performed on the oral mucosal 
biopsy specimen.

Histopathology

Following the performance of a penetrating keratoplas-
ty on the patient, the corneal button was fixed in 10% 
buffered formalin and submitted to the Loma Linda Uni-
versity Medical Center Pathology Laboratory for process-
ing. The tissue was subsequently paraffin-embedded, 

sectioned and stained with hematoxylin and eosin using 
a standard histology staining protocol.

Total RNA isolation and complementary 
DNA synthesis

Fourteen corneas from nine donors were obtained 
from eye banks associated with the Vision Share 
consortium of eye banks. Corneal epithelium was enzy-
matically (Dispase II, Roche, Basel, Switzerland) disso-
ciated and the Descement membrane stripped from 
donor eye bank corneas with confirmed unremarkable 
ocular history. Corneas denuded of epithelium and en-
dothelium were processed for stromal fibroblasts. The 
three corneal layers were homogenized in TriReagent 
(Life Technologies, Carlsbad, CA), which is a phenol/
guanidine thiocyanate containing solution, and total 
RNA was isolated per the manufacturer’s instructions. 
Briefly, after tissue homogenization in TriReagent, 
phase separation was accomplished by addition of chlo-
roform and centrifugation. The top aqueous phase con-
taining RNA was separated from the lower organic 
phase containing proteins and DNA, and RNA was sub-
sequently precipitated and purified using alcohols. 
Preparation of poly(A)+ complementary DNA from 100ng 
of total RNA was performed using oligo(dT)20 primers 
and the SuperScript® III First Strand Synthesis System 
(Life Technologies, Carlsbad, CA) per the manufactur-
er‘s instructions.

Quantitative polymerase chain reaction 
(PCR)

To determine the transcript levels of the desmogleins 
1-4 in the three main cell types (epithelial, fibroblasts 
and endothelial) of the cornea, quantitative PCR was 
performed using transcript-specific oligonucleotides 
whose sequences were obtained from the Harvard 

Table 1. Primers used in quantitative polymerase chain reaction

Gene Primer Bank ID Forward (5’‑3’) Reverse (5’‑3’)

DSG1 119703743c2 AACCCAATCGCCAAAATTCACT ACCTCTCGATCAACTATGGATGT

DSG2 189181754c2 TTGTTGGGTCTGTTGAAGAGTTG TTCAGGGTATTGGGCTCATCT

DSG3 119964717c1 GCAAAAACGTGAATGGGTGAAA TCCAGAGATTCGGTAGGTGATT

DSG4 197313786c1 CAGCCTGTCGAGAAGGAGAG CCCTACTCCAGAAATCCGGTAT

GAPDH N/A CGACCACTTTGTCAAGCTCA AGGGGTCTACATGGCAACTG
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Primer Bank database (Table  1); http://pga.mgh.har-
vard.edu/primerbank/index.html)16-18. Quantitative PCR 
was performed using 2x KAPA SYBR FAST qPCR Mas-
ter Mix (KAPA Biosystems, Boston, MA) in a 10 uL 
reaction volume placed in a 384 well microplate. Reac-
tions were processed in the LightCycler 480 Real-Time 
System (Roche, Basel, Switzerland). Reaction condi-
tions and data analysis were as previously described19. 
Relative expression was calculated using the mRNA 
levels of the housekeeping gene GAPDH and calculat-
ed using the comparative CT (2-∆∆C

T) method. Relative 
expression levels were plotted as 2-∆C

T values. All 
qPCR experiments were performed on four indepen-
dent biological replicates (n=4).

Fluorescence-immunohistochemical 
detection of DSGs

Immunodetection was performed using antibodies 
(Table  2) targeting the four DSGs, IgG1, IgG4 and 
KRT12 (corneal epithelial biomarker) using a standard 
immunohistochemistry protocol. Briefly, sections of for-
malin fixed, paraffin embedded control and patient 
specimens were deparaffinized and rehydrated in an 
alcohol series followed by enzymatic (Proteinase K, 
Sigma Aldrich, St. Louis, MO) antigen retrieval. Subse-
quently the sections were blocked in PBS + 0.5% 
Tween-20 supplemented with 1% BSA and 10% horse 

serum, then incubated overnight with primary antibody 
diluted to 5ug/mL in 125 uL blocking buffer, washed 3x 
in PBS + 0.5% Tween-20 and followed by incubation 
with a fluorescence conjugated secondary antibody 
(Table 2) diluted 1:500 in blocking buffer, washed 3x in 
PBS + 0.5% Tween-20 followed by 1x in PBS and 
mounted with Vectashield aqueous mounting medium 
(Vector Laboratories, Inc., Burlingame, CA) containing 
40, 6-diamidino-2-phenylindole (DAPI). Fluorescence 
images were acquired by confocal microscopy.

Statistical analysis

The two-tailed unpaired t-test was utilized for identi-
fying a significant difference in the means of the relative 
expression levels of DSG1-4 mRNA in epithelium com-
pared with the level present in the stroma and endothe-
lium. Differences in the means of gene expression be-
tween corneal stroma and corneal endothelium were 
considered significant with a p ≤ 0.05.

RESULTS

Clincal description

A 35-year-old African American woman presented to the 
Riverside County Regional Medical Center (RCRMC) gen-
eral eye clinic in 2010 complaining of lifelong, bilateral, 
variably red and painful eyes associated with blured vision. 

Table 2. Antibodies used in immunohistochemistry

Target Protein Isotype Immunogen Species Clonality Dilution Vendor Catalog 
Number

Primary Antibodies

DSG1 mouse IgG human monoclonal 1:200 Millipore MABT118

DSG2 mouse IgG1 human monoclonal 1:100 Life Technologies 32‑6100

DSG3 goat IgG human polyclonal 1:100 R&D Systems AF1720

DSG4 goat IgG human polyclonal 1:33 Santa Cruz Biotechnology sc‑28067

 KRT12 rabbit IgG human polyclonal 1:33 Santa Cruz Biotechnology sc‑25722

IgG1 mouse IgG2aK human monoclonal 1:200 Thermo Scientific MH1013

IgG4 mouse IgG3 human monoclonal 1:100 Thermo Scientific MA5‑16716

Secondary Fluorescence Conjugated Antibodies

Rb‑IgG donkey IgG (A488) rabbit polyclonal 1:500 Life Technologies A‑21206

Ms‑IgG donkey IgG (A594) mouse polyclonal 1:500 Life Technologies A‑21203

Gt‑IgG donkey IgG (A594) goat polyclonal 1:500 Life Technologies A‑21207
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She was diagnosed with allergic conjunctivitis and suc-
cessfully (if temporarily) treated with topical steroids. She 
developed a diffuse bullous dermatitis involving both her 
skin and oral mucosa, and was diagnosed with PV, which 
was later confirmed by the presence of immunoglobulin 
deposits in the oral mucosa and anti-DSG3 autoantibodies 
in the serum. In addition, IIF of serum was negative and 
PNP was excluded. Oral administration of prednisone and 
azathioprine cleared the bullous lesions. Subsequently, 
she experienced variable but persistent conjunctival injec-
tion and periodic recurrences of the oral mucosal erosions. 
She ultimately suffered an acute exacerbation of ocular 
inflammation and vision loss, which proved unresponsive 
to increased systemic immunosuppression. At this time, 
she was referred to the cornea clinic at RCRMC where 
she was evaluated by one of the authors (JA).

On presentation, uncorrected visual acuity was count 
fingers at nine feet in the right eye and 20/100 in the 
left eye, improving with pinhole to 20/70 in each eye. 
Slit lamp examination revealed 3+ bilateral conjunctival 
injection without evidence of erosions or symblepharon 
formation (Figure 1). The corneas of both eyes demon-
strated 360 degree peripheral scarring and pannus for-
mation extending ~2-3mm centrally (Figure 1A and 1B). 
In the right eye, a paracentral ~2mm x 3mm epithelial 
defect was identified (previous photos taken after epi-
thelial defect resolved). The right cornea also 

demonstrated a discrete, inferior, elevated, scalloped, 
margined, gelatinous appearing lesion with corkscrew 
vessels, which appeared to overlie the peripheral scar 
tissue (Figures  1A, 1C, and 1D). A  biopsy ruled out 
corneal extension of conjunctival intraepithelial neopla-
sia and a topical steroid was initiated in both eyes. 
Complete resolution was achieved in the right eye, with 
control of inflammation in both eyes (Figure 2).

Videokeratography revealed significant irregular astig-
matism of each cornea, assumed to be induced by the 
superficial peripheral corneal scarring. Therefore, a su-
perficial keratectomy was performed in the right eye. Five 
days following the procedure, corneal stromal necrosis 
developed that progressed to a large central Descemeto-
cele, which subsequently perforated. Of note, the patient 
revealed that she had been using topical Ilevro (nepafenac 
0.3% suspension) up to five times daily from the time of 
the corneal scraping to the follow up visit 5  days later, 
which likely contributed to the stromal necrosis. Given the 
inability to maintain closure of the perforation over a 
15 week period despite serial (5) applications of cyano-
acrylate glue, and with control of both ocular and derma-
tologic manifestations of PV on topical steroids and sys-
temic immunosuppression, an 8mm diameter penetrating 
keratoplasty was performed. Six months following sur-
gery the uncorrected vision measured 20/150, and no 
evidence of recurrent stromal necrosis was observed.

Histopathologic analysis of excised 
corneal specimen

Histopathologic examination of the excised cornea 
demonstrated anterior corneal ulceration, chronic 

Figure 2. Two months after initiating topical steroid 
treatment, the right eye of the individual with PV shown 
in Figure 1 demonstrated resolution of the inflammatory 
pannus but persistent anterior corneal scarring.

Figure 1. Peripheral corneal changes in individual with 
pemphigus vulgaris. A. Inferior pannus formation and 360 
degree peripheral corneal opacification were observed 
in the right eye. B. Peripheral corneal opacification 
without significant pannus formation was seen in the left 
eye. C. Following staining with Rose Bengal, the borders 
of inflammatory pannus in the right eye were clearly 
visualized. D. Higher magnification view of the inferior 
limbal region in the right eye demonstrated thickening 
and prominent vascularity of the inflammatory pannus.

A B

DC

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
  o

f 
th

e 
p

u
b

lis
h

er
. 

 
©

 P
er

m
an

ye
r 

20
19



Rev Mex OftalMOl (eng). 2019;93

140

stromal inflammation, stromal vascularization and ret-
rocorneal fibrous tissue with endothelial cell atrophy 
(Figure 3).

Expression of DSG genes in the cornea

Expression of the DSG genes in the three predomi-
nant cell types that comprise the cornea were deter-
mined by qPCR (Figure  4). All four DSGs were ex-
pressed in the corneal epithelium, with statistically 
significantly higher expression than in keratocytes and 
endothelial cells. Weak expression of DSG1-3 in ker-
atocytes and DSG2 in endothelial cells was observed, 
although the detection of each was at a level near the 
detection limit of qPCR.

Altered DSG3 and DSG4 protein 
expression in PV cornea

All four DSG proteins were detected in non-diseased 
donor cornea by F-IHC, demonstrating localization to 
the borders of the epithelial cells (Figure  5). While 
DSG1-3 were detected in all the layers of the epitheli-
um, DSG4 was localized to the superficial epithelial cell 
layers. Although the expression of DSG1 and DSG2 
was not significantly altered in PV corneal epithelium 
compared with non-diseased donor cornea, DSG3 and 
DSG4 demonstrated a marked alteration in their ex-
pression and localization within PV corneal epithelium. 
In contrast to donor corneal epithelium, DSG3 was 
primarily localized to the most superficial epithelial cell 
layers in PV and demonstrated a marked reduction in 
expression in the remainder of the epithelium. 

Compared with donor corneal epithelium, the expres-
sion of DSG4 in PV epithelium was diffuse and exclu-
sively localized to the cytoplasm of corneal epithelial 
cells. While DSG4 was detected in normal donor cor-
neal epithelium (superficial layers), it is reasonable to 
speculate that the results obtained for the PV epitheli-
um may be an artifact. None of the DSG proteins were 
detected in the corneal stroma or endothelium (data not 
shown), consistent with the qPCR results. The corneal 
epithelium was also positive for the corneal epithelial 
biomarker KRT12, a component of type I intermediate 
filaments present in the cytoplasm.

Differential localization of 
Immunoglobulins G1 and G4 in PV cornea

To determine the type of anti-DSG3 immunoglobulins 
potentially mediating the reduction of DSG3 protein in 
PV corneal epithelium, we performed F-IHC for the two 
types of IgG (IgG1 and IgG4) that are most commonly 
associated with PV (Figure 6). IgG1 and IgG4 were not 
detected in normal donor corneal epithelium. However, 
both immunoglobulins were detected in the epithelium 
and stroma of the PV cornea. In addition, these immu-
noglobulins were detected as diffuse and/or punctate 
foci within the anterior stroma, where they were 
associated with the neovasculature, with IgG4 demon-
strating more numerous fluorescent foci. Although both 
immunoglobulins were detected in the stroma, only 
IgG4 localized to the cell-cell contacts in the epithelium, 
mirroring the expression pattern observed for the 
DSGs, and associated with the marked reduction in 
DSG3 levels.

Discussion

Desmogleins are a small group of proteins that are 
members of the cadherin superfamily, and together 
with desmocollins are an important component of des-
mosomes, which are involved in cell adhesion20. The 
corneal expression of the desmogleins has been pre-
viously examined, primarily in animal models, with early 
studies having been mostly restricted to DSG121-28. 
More recent investigations have described the expres-
sion of DSG proteins in human corneal tissue, but have 
often only investigated the expression of one DSG pro-
tein29-33. Together these studies have provided evi-
dence of the expression of DSG3 in human corneal 
epithelium without specific evaluation for DSG1, DSG2, 
and DSG4 expression29,33. We demonstrate that DSG1-
4 are all expressed in the human corneal epithelium, 

Figure 3. Histopathologic examination of corneal 
specimen from individual with PV revealed anterior 
corneal ulceration with chronic inflammatory cellular 
infiltrate, marked stromal thinning and vascularization, 
and a thin retrocorneal fibrous membrane beneath 
Descemet membrane (hematoxylin and eosin stain; 
magnification x 10) (A). Higher magnification view 
demonstrated anterior stromal vessels and infiltration of 
chronic inflammatory cells (magnification x  20)(B).
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with DSG1-3 present in the majority of the epithelial cell 
layers and DSG4 expressed only in the superficial ep-
ithelial cell layers.

It is well documented in the literature that DSG3 is the 
primary desmosomal cadherin involved in PV34. The 
demonstration of markedly reduced DSG3 levels in the 
corneal epithelium in PV as compared to the normal cor-
nea, as well as the identification of IgG4 autoantibodies 
in the corneal epithelium, indicate that the corneal in-
volvement in PV is mediated in whole or in part by auto-
antibodies to DSG3. This is in line with the presence of 
circulating anti-DSG3 autoantibodies in PV patients35.

Some have suggested that the low incidence of ocular 
findings associated with PV is due to the ability of 
non-desmoglein proteins to compensate for the loss of 
DSG3 function caused by anti-DSG autoantibodies in 

PV9. Expression of multiple DSG proteins may also de-
crease the likelihood of developing anti-DSG-mediated 
corneal pathology, since the non-targeted DSGs are 
predicted to maintain the integrity of the epithelium and 
thus compensate for the loss of any single DSG36,37. 
The so called desmoglein compensation theory may 
explain the exceedingly low incidence of corneal in-
volvement in PV and other anti-DSG-mediated diseas-
es. Although we demonstrate that all four DSG proteins 
are present in the corneal epithelium, we describe a 
pronounced corneal phenotype in the case we present. 
These data suggests that the mechanism resulting in 
the pathophysiology in the patient we describe is more 
complex and may include a component that overcomes 
the presumed protective effect of the expression of mul-
tiple DSGs. While the low incidence of corneal findings 

Figure 4. Measurement of corneal DSG transcript levels using qPCR. Transcripts for DSG1‑4 were expressed in the 
epithelium at levels significantly higher than in the stroma and endothelium. Relative expression was plotted as 2‑∆C

T, 
with GAPDH transcript used as the reference gene to calculate relative expression. Statistical analysis was 
performed using the unpaired t‑test (n=4). 
**p ≤ 0.01; ***p ≤ 0.001; ****p ≤ 0.0001 (error bars = SEM). N.D. = not detected.
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in PV may indirectly support the desmoglein compen-
sation theory, the case we present may present a direct 
counter to the theory or at least an exception.

A second barrier to corneal involvement is that the 
cornea is normally avascular, limiting the ability of im-
mune cells and immunoglobins to infiltrate the cornea. 
The patient we report had chronic red eyes since child-
hood (based on history), possibly resulting in the corneal 
neovascularization evident at the time of presentation. 
The loss of corneal avascularity would allow immunoglob-
ulins to localize to the corneal epithelium and overcome 
the protective effect of other DSGs that were present.

Conclusions

Although PV primarily involves the skin and oral mu-
cosa, the corneal epithelium may also be affected. Here-
in we demonstrated altered corneal epithelial DSG ex-
pression in PV and demonstrated localization of IgG4 to 
the cell-cell contacts in the PV corneal epithelium, pro-
viding a pathophysiologic mechanism for these unusual 
but prominent corneal features. Thus, in the absence of 
any identifiable secondary cause, corneal pathology as-
sociated with PV is most likely mediated by autoantibod-
ies directed against DSG3 in the corneal epithelium. We 
also demonstrated corneal expression of all four DSG 
genes and provided a comprehensive overview of DSG 
expression in the corneal epithelium.

Figure 5. Assessment of DSG1‑4 protein expression in 
donor and PV corneal tissue by fluorescence‑
immunohistochemistry. First column: in donor corneal 
epithelium (Normal), all four DSG proteins (red) were 
detected at the cell‑cell contacts; in corneal epithelium 
in PV (PV), DSG1 and 2 demonstrated similar expression 
as control, but the expression of DSG3 and DSG4 were 
reduced. Second column: the corneal epithelial 
expression of KRT12 (green), a corneal epithelial specific 
biomarker, was used as a positive control. 
Third column: merged images including DAPI (blue; cell 
nucleus) counterstain to identify the nuclei. 
Scale bar = 50µm.

Figure 6. Localization of immunoglobulins G1 and G4 in 
PV cornea was determined by F‑IHC. First column: in 
donor corneal epithelium (Normal), neither IgG1 nor IgG4 
(red) was detected; in PV corneal epithelium, IgG1 was 
not visualized, while IgG4 localized to the cell‑cell 
contacts. Second column: the corneal epithelial 
expression of KRT12 (green), a corneal epithelial specific 
biomarker, was used as a positive control. 
Third column: merged images including DAPI (blue; cell 
nucleus) counterstain to identify the nuclei. 
Scale bar = 50µm.
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