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ARTICLE INFO ABSTRACT

Article history: Background: The Desmoglein 3 (Dsg3) knockout mouse and pemphigus vulgaris (PV) mouse model
Received 31 July 2008 present a similar type of supra-basal acantholysis, even though the subcellular mechanism is considered
Received in revised form 2 March 2009 to be completely different.

Accepted 17 May 2009 Objectives: To detect changes in the desmosomal molecular composition in Dsg3—/~ mice and PV model
mice to highlight the precise mechanism for acantholysis at an ultrastructural level.

Keywords: Methods: Using epithelia from Dsg3—/~ mice, PV model mice, and their respective control mice, the
Desmosome desmosomal components were immunostained using a post-embedding immunogold labeling method,
Immunogold X : S , p . .
Flectron microscopy and their precise localization and th'e labeling density were statistically analyzed in the desmosomes
Adhesion molecule before the occurrence of acantholysis.
Autoimmune Results: Positive findings were detected in desmoplakin and plakoglobin. In the Dsg3—/~ mice, the
Ultrastructural localization localization of desmoplakin shifted 12.6 nm toward the cytoplasm and the plakoglobin labeling density
per desmosome decreased 31% in the desmosomes. In the PV model mice Desmoplakin shifted 22,7 nm
more distantly from the plasma membrane but the labeling density per desmosome showed no
significant difference, including plakoglobin. Similar results were obtained when analyzing the
desmosomes of spinous cells in the mid-epidermis.
Conclusion: These results showed the functional blocking of Dsg3 by autoantibody binding and the
genetic defect of Dsg3 to induce different changes in the cytoplasmic desmosomal plaque proteins. A
decrease in the level of plakoglobin is therefore not involved in the acantholysis in the PV model mice.
The desmoplakin shift from the desmosomal plaque, which is induced by autoantibody binding under in
vivo conditions in the PV model mouse, could be an early molecular change before the occurrence of
acantholysis.
© 2009 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.
1. Introduction the Dsg3—/— mice and the PV model mice are strikingly similar and
parallel to those of PV patients [6], although the start point of the
Desmoglein3 (Dsg3) is a transmembrane desmosomal compo- cause for acantholysis is essentially different between the two

nent that belongs to the cadherin supergene family and is a target mice. Therefore a more precise analysis is needed at the molecular
antigen of pemphigus vulgaris (PV), a severe autoimmune level to distinguish the subcellular mechanism for acantholysis in
blistering skin disease [1,2]. Knockout mice of this molecule these mice.
(Dsg3-—/~) present erosions on the mucous membrane with Currently, the possible mechanisms for acantholysis in PV
suprabasal acantholysis, which is a characteristic pathological include: (1) interference of desmosomal cadherin induced by
feature of human PV [3]. On the other hand, an experimental intracellular changes that occur subsequently to autoantibody
mouse active model for PV with circulating autoantibodies against binding, (2) direct inhibition of the extracellular Dsg3 adhesive
Dsg3 has been established [4,5]. Both Dsg3—/— mice and PV model ability by autoantibody binding to Dsg3 (steric hindrance), (3)
mice present a similar human PV-like phenotype clinically and decrease of Dsg3 from desmosomes. Recent studies have
histologically {3-5]. Furthermore, the ultrastructural features of speculated that either one of these alone might not be sufficient
to explain the acantholysis in PV [7-9].
The purpose of this study is to detect changes in the
* Corresponding author. Tel.: +81 3 3353 1211; fax: +81 3 3353 6880, desmosomal molecular composition in Dsg3—/— mice and PV
E-mail address: ishiko@sc.itc.keio.acjp (A. Ishiko). model mice in order to give insight into the mechanisms of

0923-1811/$36.00 © 2009 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd, All rights reserved.
doi:10.1016/j.jdermsci,2009.05.003
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acantholysis in each mouse in order to obtain a better under-
standing of PV acantholysis.

2. Material and methods
2.1. Mice

2.1.1. Dsg3 knockout mice

Dsg3—/— mice were obtained by mating male Dsg3—/— and
female Dsg3+/— mice (Jackson Laboratory, Bar Harbor, Maine, USA)
[3]. Dsg3—/— mice had been crossed with C57BL/6, but had, strictly
speaking, a mixed genetic background of 129/SV and C57BL/6J (H-
2b) mice. Due to the fact that we could not obtain their littermates,
C57BL/6 mice were used as controls, although there might be a
possibility to have a small anatomical difference. This study used
Dsg3—/— mice at 13 weeks of age and C57BL/6 mice at 20 weeks of
age, both of which were young adult mice.

2.1.2. PV model mice

PV model mice were obtained as described previously {4}, In
brief, Dsg3—/— mice, which did not have immunological tolerance
to Dsg3, were immunized with recombinant mouse Dsg3 and their
splenocytes were transferred to 7-week-old C57BL/6 Rag2—/-
mice that had been backcrossed to B6SjLPtrca mice for ten
generations (Taconic Farms, Germantown, NY, USA) [10]. The
Rag2—/- mice produced anti-Dsg3 autoantibodies continuously
and showed erosions in the oral mucous membranes and patchy
hair loss 15-25 day after the transfer. The immuno-EM study was
duplicated using two PV model mice at 16 weeks of age. C57BL/6
Rag2—/— mice at 13 weeks of age that also had been backcrossed to
B6SJLPtrca mice were used as controls.

In order to detect the initial ultrastructural changes in the
desmosomes, the samples were taken from the oral mucous
membrane where neither blistering nor erosion was seen in both
Dsg3-/— and PV model mice.

2.2, Antibodies

Seven antibodies against major desmosomal components were
used in this study; (1) rabbit polyclonal antibodies to desmoplakin
(Dp) C terminus (Research Diagnostics, Flanders, New Jersey), (2}
rabbit polyclonal antibodies to plakoglobin (Pg) N terminus (H80,
Santa Cruz Biochnology, Santa Cruz, California), (3) mouse
monoclonal antibody to plakophilinl (Pp1) N terminus (5C2,
PROGEN, Heidelberg, Germany), (4) mouse monoclonal antibody
to mouse desmoglein1 (Dsg1) C terminal side of intracellular
domain (DG3.10, Research Diagnostics, Flanders, New Jersey), (5)
guinea pig polyclonal antibodies to desmocollin3 (Dsc3) N
terminal side of intracellular domain (gp2280, a kind gift from
Dr. P.J. Koch) [11], (6) guinea pig polyclonal antibodies to mouse
desmocollinl (Dsc1) N terminal side of intracellular domain
(gp899, a kind gift from Dr. P.J. Koch) [11], (7) mouse monoclonal
antibody to mouse desmoglein3 (Dsg3) extracellular domain
(AK18) [12]. The dilutions of the antibodies for post-embedding
immunogold-EM were: (1) 1:40, (2) 1:40, (3) 1:4, (4) 1:40, (5)
1:400, (6) 1:100 and (7) 1:2.

2.3. Post-embedding immunogold-EM

Post-embedding immunogold-EM with cryofixation and freeze
substitution without using chemical fixatives was performed as
previously described [13]. In brief, samples were taken from the
oral mucous membrane of mice and rapidly frozen by plunging
them into liquid propane cooled to —190 °C. The samples were
substituted in methano! at —60 °C for 48 h, embedded in Lowicryl
K11M (Chemische Werke Lowi, Waldkraiburg, Germany) at —60 °C

and polymerized by UV radiation. Ultrathin sections were cut from
the samples and sequentially incubated with blocking buffer, 5%
normal goat serum (NGS), 0.8% bovine serum albumin (BSA), 0.1%
gelatin and 2 mM NaNj in phosphate-buffered saline (PBS) pH 7.4,
for 30 min at roomn temperature, and primary antibodies diluted in
incubation buffer (PBS pH 7.4 with 1% NGS, 0.8% BSA, 0.1% gelatin
and 2 mM NaN3) for overnight at 4 °C. After washing with washing
buffer (PBS pH 7.4 with 0.8% BSA, 0.1% gelatin and 2 mM NaN3), the
sections were incubated with 5-nm gold-conjugated secondary
antibodies (anti-rabbit or anti-mouse IgG (H+L), Amersham
Bioscience, Buckinghamshire, UK; anti-guinea pig IgG (H + L), BB
International, London, UK) diluted 1:40 in incubation buffer (PBS
pH 7.4 with 1% NGS, 0.8% BSA, 0.1% gelatin and 2 mM NaNs)
overnight and then washed with washing buffer and distilled
water. To enlarge the gold particles, the sections were incubated
with the IntenSE silver enhancement solutions (Amersham
Bioscience) for 3 min as described previously [14]. Sections were
counterstained with uranyl acetate and lead citrate and observed
under the transmission EM (model 1200EX, JEOL, Tokyo, Japan). All
the immunoEM studies were duplicated using two different mice.

2.4. Quantitative analysis

In order to detect early molecular changes before desmosome
splitting occurred, all the samples were from normal appearing
mucous membranes. Desmosomes between the basal cells and
suprabasal cells (apical desmosomes, i.e, desmosomes in the
apical side of basal cells) and desmosomes between the spinous
cells in the mid-epidermis were analyzed separately because the
normal molecular composition of a desmosome may differ
according to the different cell layer. EM figures of desmosomes
that were cut perpendicularly to the plasma membrane so that
three layers of each plasma membrane were clearly seen were
selected and statistically analyzed.

For the analysis of the distribution of desmosomal components,
the distance of each gold particle from the outermost layer of the
plasma membrane was measured on the electron micrographs as
shown in Fig. 1 and plotted on a histogram as described previously
[15]. The mean distances from the plasma membrane were
compared statistically with normal controls.

At the same time, the number of the goid particles per
desmosome was counted. For each molecule, the mean number of
gold particles per desmosome was tested statistically with a p-
value less than 0.01. In each study, either Student's t-test or
Welch'’s t-test were used.

As for Dsg3 in the PV model mice, we could not analyze either
the distribution or the number, due to the fact that in vivo anti-
Dsg3 IgG is already bound to Dsg3.

3. Results

3.1. In Dsg3—/— mice, Dp was shifted slightly to the intercellular side
and the number of Pg per desmosome was significantly decreased

The structure of the desmosomes seemed to be intact in all
samples and no splitting of the desmosome and widening of the
intercellular spaces were observed. The ultrastructural localization
of Dp, Pg, Pp1, Dsgl, Dsc3 and Dsg3 in the apical desmosomes in
the Dsg3~/~ mouse and its control mouse are shown in Fig. 2(A-],
M-N). Dsg3 was undetectable in the Dsg3—/— mouse at all. Dsc1
was undetectable in the apical desmosomes. The localizations of
gold particles seemed to show no big difference at a glance
between the Dsg3—/— and control mouse. The distance of the gold
particles labeling from the plasma membrane was plotted (Fig. 3
left panels) and statistical data such as the mean distance, standard
error and standard deviation were calculated (Table 1). The mean
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Fig. 1. Immunoelectron micrograph of a desmosome (A} and a schematic diagram of a desmosome (B). The ultrastructure of a desmosome using cryofixation and the freeze
substitution method was demonstrated. A desmosome has a symmetrical structure that has a dense mid line (DML) as the axis. The gold labels were seen as black dots in the
immunocelectron micrograph. For the distribution analysis, the distances of each gold particle were measured from the outer layer of the nearer plasma membrane (PM), and
particles lying over the extracellular region were assigned a negative value, ODP, outer dense plaque; IDP, inner dense plaque; AP, attachment plaque; IF, intermediate

filarnent. Bar = 200 nm.

distribution of Dp in the apical desmosomes in Dsg3—/— mouse
was shown to shift 126 nm in the intracellular direction in
comparison to the control mouse (p < 0.05), but the distribution of
other desmosomal components was almost identical to that of the
control mouse.

In the desmosomes between the spinous cells in the mid-
epidermis, Dsc1 were detectable in the desmosome in addition to
the components observed in the apical desmosomes (Fig. 2K and L).
The distribution of gold particles labeling each component is
shown in the right panels of Fig. 3. As shown in Table 1, the mean
distribution of Dp in the mid-epidermal desmosomes in the
Dsg3—/— mouse was shown to shift 9.0 nm in the intracellular
direction in comparison to the control mouse (p < 0.05) but the
other components including Dsc1 showed an almost identical
distribution.

Table 1
The distance of desmosomal components from the plasma membrane in Dsg3—/—
mice,

The number of labeled proteins per desmosome was counted in
the Dsg3—/— mouse and the control mouse (Table 2). Interestingly,
only the number of Pg showed a significant decrease both in the
apical (69%) and the mid-epidermal desmosomes (60%) in the
Dsg3—/— mouse. The number of the other components showed no
significant difference.

The replication test using another pair of Dsg3—/- and control
mice showed similar results (data not shown)

3.2. In the PV model mice, Dp was shifted markedly to intercellular
side and the number of Pg per desmosome did not show any difference

The ultrastructural localization of Dp, Pg and Dsc3 in the apical
desmosomes in the PV model mouse is shown in Fig. 4. The
localization of gold labels for Dp (A) was seen farther from plasma
membrane than that in the control mouse (B). The distance

Table 2
The number of desmosomal molecular labelings per desmosome in Dsg3-/— mice.

Mean  SE nm {0, n)

Mean number =+ SE (o, n)

Dsg3—/— apical Control apical Dsg3--/~ apical Control apical
Dp 791 £ 1.4 (0=37.2,n=591) 66.5" + 1.6 (0=31.9, n=405) Dp 764496 (0=361,n=14) 748489 (0=378,n=18)
Pg 295+ 1.7 (6=24.0, n = 196) 265+ 14 (0=22.2, n=254) Pg 18.7 £1.8(0=92,n=27) 287" £3.0{c=13.3,n=20)
Ppi 6.95 £ 0,78 (0= 10.2, n=167) 7.34+£079(0=11.1,n=197) Ppt 6.2+0.7 (6=44,n=39) 6.1+£09(0g=50n=35)
Dsgl 226 £1.1{(o=16.7, n=246) 202+10(0=169 n=268) Dsgl 8.0+08 (0=52, n=41) 8.8+1.0 (0 =64, n=38)
Dsc3 14.2 £ 1.0 (o= 16.5, n = 301) 13.6 £ 0.8 (o=14.3,n=331) Dsc3 5004 (0=34,n=79) 6.1+04{o=44,n=96)

Mean £ SE nm (o, n) Mean number + SE (o, n}

Dsg3—/-— middle Control middle Dsg3—/— middle Control middle
Dp 743 +£1.2 (6=344,n=771) 65.3"+ 1.3 (0=32.1,n=579) Dp 80.6 £52 (o=307,n=35) 89.9 +8.3 (0=47.5,n=33)
Pg 262+12(0=234,n=372) 25.1+ 11 (0=217, n=394) Pg 247" +14(c=8.1,n=33) 413 £3.0(0=174,n=33)
Pp1 6.93 £ 0.65 (0=12.3, n=356) 7.96 £0.72 (o =126, n=304) Ppi 11.9+08{0c=59, n=61) 113+ 1.0(0=6.5n=47)
Dsgl 202 + 0.8 (o=15.1, n=337) 223 +09 (0=16.2, n=320) Dsgt 28.7 £33 (0182,n=31) 347 £2.6 (=162, n=39)
Dsc3 7.98 + 0.69 (0'=12.7, n=337) 7.52 £ 062 (0=11.4, n=344) Dsc3 4,0+03(0=32,n=123) 49+04 (0=4.0,n=110)
Dscl 8214072 (0=128,n=318) 9.81 £ 0.69 (o = 14.0, n = 418) Dscl 6.0+ 05 (0=46, n=88) 83 +08 (0=6.7, n=65)

SE, standard error; o, standard deviation; ny, number of particles used for the
analysis; apical, between basal and supra basal.
" Significantly different at p < 0.0001,

SE, standard error; o, standard deviation; n, number of desmosomes used for the
analysis; apical, between basal and supra basal.
" Significantly different at p < 0.0001.
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Fig. 2. The ultrastructural localization of desmosomal components in the Dsg3—/— mouse and the control mouse. (A, C, E, G, 1 and M) were from the desmosomes on the apical
side of basal cells in the Dsg3—/— mouse and (B, D, F, H, ] and N} were from the desmosomes on the apical side of basal cells in the control mouse. (K and L) were from
desmosomes on the spinous cells in the Dsg3—/— and the control mouse. The Dp labels (A, B) were seen at the intracellular area distant from plasma membrane (inner dense
plaque) in both mice. The Pg labels (C, D) and Dsg1 labels (G, H) were seen on the outer dense plague, The Pp1 labels (E, F) and Dsc3 labels (1, ]) were seen along the plasma
membrane of desmosomes. The Dsg3 labels in the desmosomes in the Dsg3—/— mouse (M) were completely undetectable. On the other hand, the Dsg3 labels in the
desmosomes in the control mouse (N) were seen along the plasma membrane, Except for Dsg3, no apparent difference between the two mice was recognized before the
statistical analyses were performed. Dscl (K, L) in the mid-epidermal desmosomes was observed along the plasma membrane of desmosomes. Bars = 200 nm.

between the gold particles and the plasma membrane was plotted
in Fig. 5(left panels). There were two peaks in the Dp distribution of
apical desmosomes. One major peak was located at the position
identical to that of the control mouse. An additional minor peak
was seen at 100 nm more distant from the major peak. The mean
distribution of Dp in the apical desmosomes in the PV model
mouse shifted 22.7 nm in the intracellular direction (Table 3). The
distribution of Pg and Dsc3 showed no locational changes. In the

Table 3
The distance of desmosomal components from the plasma membrane in PV model
mice,

Mean + SE (g, n}

PV model apical Contro! apical

Dp 94.2" £24 (0=45.1, n=354) 715 + 1.7 (6=34.7, n=443)
Pg 23.7+12(0=16.6,n=188) 24,5+ 1.1 (0=15.8, n=226)
Dsc3 13.6£0.9 (o=13.7, n=238) 12.14+ 07 (6=12.7, n=288)

Mean + SE (o, n)
PV model middle

Control middle

Dp 93.0"+£2.0 (¢=40.5, n = 423) 68.8' + 1.5 (0 =328, n=484)
Pg 26,0408 (0= 154, n=348) 245+09 (0=162, n=302)

Dsc3 8.10:£050 (0=99, n=387) 9.41 £ 066 (o=109, 1=273)
Dscl 8,36+ 053 (o= 10.6, n=394) 8.49 +0.54 (0= 10.8, n = 408)

SE, standard error; o, standard deviation; n, number of particles used for the
analysis; apical, between basal and supra basal,
" Significantly different at p < 0,0001.

mid-epidermal desmosomes, Dsc1 was detectable and is shown in
Fig. 4(G and H). The distribution of the gold particles labeling each
component is shown in the right panels in Fig. 5. As shown in
Table 3, the mean distribution of Dp in the mid-epidermal
desmosomes in the PV model mouse was shifted 24.2 nm in the
cytoplasmic direction (p < 0.05). The other components including
Dsct showed almost identical distribution to that in the control
mouse. The number of the gold labeling per desmosome was
counted and summarized in Table 4. None of the desmosomal
components showed a significant difference between the PV model

Table 4
The number of desmosomal molecular labelings per desmosome in PV model mice.

Mean number + SE (o, n)

FV model apical Control apical
Dp 512449 (0=213,n=19) 48.6 £4.7 (0=18.9, n=16)
Pg 348+19(0=78n=17) 32.8+2.6(0=126n=23)
Dsc3 42403 (o=25,n=65) 43+03(5=28,n=72)

Mean number + SE (o, n)

PV model middle Control middle
Dp 49.6 £50(0=27.2,n=30) 49.2 £40(0=21.3,n=29)
Pg 38.7 £33 (0=163, n=125) 399 +30{c=158,n=29)
Dsc3 56+03(0=34,n=132) 46+04(0=37,n=91)
Dscl 734+£07{0=53,n=51) 59+07{0=586,n=56)

SE, standard error; o, standard deviation; n, numnber of desmosomes used for the

analysis; apical, between basal and suprabasal.
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Fig. 3. The distribution of desmosomal components the Dsg3 /- mouse. The distances between the gold labels and the plasma membrane in the Dsg3—/— and the control
mouse were plotted, The results from apical desmosomes were shown in the left panels, and those from desmosomes in the mid-epidermis were in the right panels. Note the
small shifts in the peaks in the Dp distributions. The mean distances are summarized in Table 1.
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4 Be

Fig. 4. The ultrastructural localization of the desmosomal components in the PV model mice. (A-F) were from the apical desmosornes in the PV model mice or control, (G and

H) were from the mid-epidermal desmosomes. Bars = 200 nm.

mouse and its control mouse in both the apical and mid-epidermal
desmosomes.

The replication test using another pair of PV model and control
mice showed similar resuits (data not shown).

4. Discussion

Dp is predicted to form a homodimer containing two globular
end domains joined by a central alpha-helical rod domain [16]. The
C-terminal domain of Dp interacts with intermediate filaments
[17] and the N-terminal domain interacts with Dsc, Pg and Pp1
[18]. On the other hand, Dp cannot bind to Dsg1 or Dsg3 directly,
but it binds indirectly via Pg [19,20] (Fig. 6). The findings in this
study are summarized in Table 5. The number of Pg in the
desmosome was decreased in Dsg3—/— mice and this may indicate
a close relationship between Dsg3 and Pg. The genetic lack of Dsg3
might influence the recruitment of Pg into desmosomes. In
addition, the molecular compensation for Dsg3 by other desmo-
somal cadherins did not occur in terms of the molecular quantity in
the Dsg3—/- mouse desmosomes. This fact further confirms that
the acantholysis seen in the Dsg3—/— mice was due to the fragility
of desmosomes that lack Dsg3. However, the PV model mice did
not show any change in the number of desmosomal components
including Pg. This result indicates that the decrease of Pg does not
play a role in the mechanism of acantholysis in the PV model
mouse.

There was a small but statistically significant shift of Dp in the
intracellular directionin Dsg3—/— mice. In other words, the lack of
Dsg3 influenced the location of Dp although they are not
connected directly. The decreased number of Pg may account
for this phenomenon. Although the number of Dp was not
reduced, Pg, a major ligand of Dp in the attachment plaque, was
decreased and Dp might be dragged toward the cytoplasm.
Otherwise, the small shift of Dp might simply be the result of a
conformational change of the molecule due to the deficiency of its
ligand.

The distribution of Dp in PV model mice was localized much
more distant from the plasma membrane than in Dsg3~/— mice.
From the Dp distribution, there seemed to be two populations of
Dp; a non-shifted group and a shifted group, in the apical
desmosomes. The shift is estimated to be about 100nm
intracellulary from the normal location, which makes the mean
distance 22.7 nm longer than that of the normal control. Because
the PV model mice did not show any change in the number of
desmosomal components, the mechanisms of the large Dp shift in
PV model mice cannot be explained by a decrease of Pg, as in the
Dsg3-/~ mice. Autoantibody binding to Dsg3 in PV model mice
should transfer some signals into the cytoplasm and some
intracellular events may occur [21-25]. Therefore, the large shift
of Dp in the PV model mice might possibly suggest the intrinsic
elongation of Dp as a signaling event. However, keratin retraction
from the cell membrane after PV antibody binding is a well-known

PV model

Table 5

A summary of the desmosomal molecular change in the Dsg3—/- and PV model mice in this study.
Dsg3—/—
Apical Middle

Apical Middie

Changes in molecular amount per desmosome

Dsgl - -
Dsc3 - -
Dscl -

Apical, between basal and supra basal.
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Fig. 5. The distribution of the desmosomal components in the PV model mice and control mouse. The distances between Dp, Pg, Dsc3 and Dsc1 {abels and the plasma
membrane in the PV mode! and the control mouse were plotted. The results from apical desmosomes were shown in the left panels, and those from desmosomes in the mid-
epidermis were in the right panels. There were two peaks in the Dp distribution of the apical desmosomes. One major peak was located at a position identical to that observed
in the control mice. An additional minor peak was seen at 100 nm more distant from the major peak.

in vitro phenomenon {7} Retraction of keratin with Dp is observed
at lateral side of basal keratinocytes of the PV model mice [4].
Moreover, a recent report of a model for the disruption of
desmosomes in response to PV autoantibodies showed that the
Dsg3/Pg complex appears to separate from Dp [9]. Therefore, it is
suggested that a large shift of Dp may represent a keratin retraction
reactive to autoantibody binding. The desmosomal molecular
composition was studied in both the apical and mid-epidermal
desmosomes and yielded similar results. Although an apparent
minor peak could not be detected in mid-epidermal desmosomes,
mean distance of Dp shifted to the similar degree. Considering the
fact that the cell separation takes place between the basal and the

suprabasal cells in PV model mice, the shift of Dp alone is not
sufficient to explain the mechanism of acantholysis. A recent study
demonstrates that the human PV IgG has a direct inhibitory ability
against Dsg3-mediated transinteraction [26]. The functional
blocking of Dsg3 in the apical desmosomes may be important to
explain the cell separation.

In conclusion, this highly detailed EM study detected distinct
molecular changes between Dsg3—/- mice and PV model mice and
indicated that the binding of autoantibodies induced the shift of Dp
from the desmosomal plaque, which could be an early molecular
change before acantholysis occurs under the in vivo conditions of
the PV model mouse.
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Fig. 6. A schematic molecular mode!l of a desmosome. This model is based on
previous yeast two hybrid studies. Dsg does not directly bind to the Dp, but
indirectly via Pg.
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Immunolocalization of Epstein-Barr virus-
related antigens in a case of sweat gland
adenocarcinoma

DOL 10.1111/3.1365-2133.2009.09319.x

SR, Epstein—Barr virus (EBV) is a ubiquitous human herpes
virus implicated in the carcinogenesis of several malignant
neoplasms. It is thought to play an important pathogenic role
in lymphomas' and nasopharyngeal carcinoma.’ Recently,
there have been scattered reports linking EBV with conven-
tional epithelial cancers including breast, lung, gastric and
renal carcinomas.® However, to date, no reports have linked
EBV with epithelial skin cancer.

Here we report a 78-year-old Japanese man with a progres-
sively enlarging tumour of the right side of his scrotum of
S-month duration. He had a past history of myocardial infarc-
tion and hypertension but no irnmunodeficiency.

The tumouwr was a mushroom-shaped reddish mass with
a diameter of 17 mm (Fig. la). Excisional biopsy was
performed. Histopathologically, the tumour was exophytic
and was composed of basophilic tumour nests of irregular
shape and size. The overlying epidermis was almost absent
but had connections to the tumour cells at the periphery of
the wmour (Fig. 1b). A few small tubular structures were
observed in part of the tumour nest. The tumour cells had
hyperchromatic nuclei showing atypia and eosinophilic cyto-
plasm (Fig. 1c) and were positive for cytokeratin 8/18, carci-
noembryonic antigen, epithelial membrane antigen, gross
cystic disease fluid protein-15 (GCDFP-15) (Fig. 1d) and peri-
odic acid-Schiff diastase-resistant material. No other internal
malignancy was detected by radiological analysis. We diag-
nosed this tumour as sweat gland adenocarcinoma of the skin
because the tumour had connections to the epidermis and no
other internal malignancy was detected. Wide resection with a
1 cm normal margin was performed. Two months after the
operation, swelling of the right inguinal lymph node was
noticed and biopsy revealed metastasis of the adenocarcinoma.
Inguinal lymph node dissection was performed and two of 17
lymph nodes were reported to have metastasis of sweat gland
adenocarcinoma. No other metastasis was detected by radio-
logical analysis. Almost 4 years after the initial operation there
is no sign of recurrence or metastasis. On further analysis of
the specimen, the expression of EBV-encoded small RNA was
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Fig 1. (a) The tumour was a mushroom-shaped reddish mass with a diameter of 17 mm; the tumour surface was eroded and bled easily.

(b) The tumour was exophytic and composed of basophilic tumour nests. (¢) A few small tubular structures were observed in part of the tumour nest;
the tumour cells had hyperchromatic nuclei showing atypia and eosinophilic cytoplasm. (d) The tunour cell expressed gross cystic disease fluid

protein-15.

observed on in situ hybridization (Fig. 2a). Also, the expression
of EBV-related latent proteins [EBV nuclear antigen (EBNA)-2
(Fig. 2b) and latent membrane protein (LMP)-1 (Fig. 2c)],
which are involved in cell transformation, were seen in the
tumour. The expression of EBNA-2 (Fig. 2d) was also seen in
the metastatic lesion.

Carcinomas derived from sweat glands are grossly divided
into two groups. One is a group of tumours resembling their
benign counterparts, such as poroma, and named after them,
e.g. porocarcinoma, which often occur within the lesion of
their respective benign counterpart. The other is a group of
tumours which do not have benign counterparts and occur
de novo. Sweat gland adenocarcinoma belongs to the latter
group and is defined as a tumour without any pathological
characteristics.* Pathogenesis of this neoplasm is not precisely
understood, mainly due to the limited number of case
reports. It usually appears as a moderate to poorly differenti-
ated adenocarcinoma with regional variation, ranging from
true ductule formation to an infilrative anaplastic cellular
zone. It can therefore sometimes be difficult to differentiate

© 20609 The Authors

from metastatic carcinoma to the skin with routine haemat-
oxylin and eosin-stained material. In our case, the connection
of the tumour cell to the epidermis and the occurrence of
metastasis to the lesional lymph nodes may provide strong
evidence against metastatic tumour, but the final diagnosis
often relies on exclusion of an extracutaneous primary adeno-
carcinoma by meticulous systemic evaluation.” In the literature
sweat gland adenocarcinoma has been classified into that of
eccrine origin or apocrine origin, referred to as eccrine sweat
gland carcinoma,® apocrine adenocarcinoma’ or related syn-
dromes, Eccrine sweat gland carcinoma usually occurs on the
head, neck and extremities® whereas apocrine adenocarcinoma
usually occurs on the axilla and genital skin.” Other reports
show that GCDFP-15 may be a marker of sweat gland carcinoma
of apocrine origin;’3 however, it is often difficult to differentiate
sweat gland adenocarcinomas into eccrine or apocrine types
only from immunohistochemistry. In our case, localization of
the tumour and positive staining for GCDFP-15 suggested that
this tumour may have originated from the apocrine gland; how-
ever, we could not detect morphological features suggesting an
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Fig 2. Expressions of Epstein~Barr virus (EBV)-related mRNA and proteins in mamour cells. (a) Signal expression of EBV-encoded small RNA in

nuclei of tumour cells; (b) expression of EBV nuclear antigen (EBNA)-2; (c) expression of latent membrane protein (LMP)-1; (d) expression of

EBNA-2 in the tumour cells of a metastatic lesion.

apocrine origin, such as decapitation secretion in the specimen
sufficient to conclude the origin of this tumour.

The expression of EBV-related latent proteins EBNA-2 and
LMP-1 in our case suggests a novel possibility of the role of
EBV infection in the pathogenesis of sweat gland adenocarci-
norna. EBNA-2 is a transcriptional coactivator that coordinates
viral gene expression and also transactivates many cell genes
while playing a critical role in cell immortalization.” LMP-1
directly links to oncogenesis by virtue of its ability to recruit
an array of cellular genes, such as nuclear factor-xB, c-Jun
NH2-terminal kinase and p38 mitogen-activated protein
kinase.'” We should pay more attention to EBV in skin cancer
and accumulate cases in order not only to clarify its pathogen-
esis, but also to suggest treatment and disease prevention.
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Optimizing technique in elliptical excisional
surgery: some pearls for practice

DOI: 10.1111/j.1365-2133.2009.09312.x

Sm, Proficient technique when performing classic elliptical
(fusiform) excisions is a fundamental skill required by derma-
tologists. The importance of correct design of an ellipse
(which most commonly bears a 3 : 1 length to width ratio
with a 30° angle at the apices) is emphasized in most if not
all basic dermatological surgical texts. When designed and
performed correctly, closure of the elliptical defect forms a
smooth linear surure line, with no standing cutaneous defor-
mities. Having taught introductory surgical skills to a large
number of dermatology trainees, general practitioners and
specialist nurses, we have found a number of practical ‘surgi-
cal pearls’ relating to this type of excision to be of benefit in
optimizing the outcome of elliptical excisional surgery.

Prior to removing a lesion, it is our standard practice to
mark the visible clinical extent of the lesion meticulously in
good light using magnification (Fig. 1a). This pivotal step
may often be neglected. A dotted line is placed around the
periphery of the lesion, and a continuous line marked out-
side this to delineate the required margins, most commonly
4 mm for excision of the majority of nonmelanoma skin
cancers on the trunk and limbs' (Fig. 1b). A routine such
as this encourages a clear definition of excision margins
and enables both the operator and patient to appreciate
fully the size of the defect that will be closed and subse-
quently the length of the resultant scar. We have demon-
strated by serial auditing that such a routine greatly reduces

© 2009 The Authors
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the rate of incomplete excision of lesions, independent of
the level of expertise of the operator.

A surgical marker pen is routinely used to delineate the
ellipse to be excised. The simple addition of lines at this stage,
perpendicular to the long axis of the ellipse, act as a guide
to facilitate optimal subcuticular suture placement (Fig. Ic,d)
when closing the defect. Although of benefit when operating
at any site, we find this practice has particular value on the
upper back, as following removal of the ellipse there is a ten-
dency for the wound edges to separate in the vertical plane
(medial wound edge inferiorly, lateral wound edge superiorly,
for example). The lines thus enable a correct realignment of
the tissues optimizing wound closure.

Our practice differs from a similar described technique® in
that it takes place prior to commencing surgery and does not
require the help of a scrubbed assistant. Furthermore, as the
lines are delineated prior to surgery, they are oriented to
ensure scar placement within relaxed skin tension lines
thereby obviating the need for skin hooks in the apices of the
defect to ensure correct placement of the lines. Furthermore
the extension of these lines outside the margins of the ellipse
allows those starting off in the field to visualize the anticipated
degree of undermining around the defect which will be
needed to create a ‘tension-free’ closure and can thus be var-
ied in length. The lines also act as a useful guide delineating
the lateral extent of the expected operative field, of particular
use when other members of the team, such as the surgical
assistant, anaesthetize the area.

Under certain circumnstances when the best orientation of
an ellipse may be difficult to ascertain prior to removal of a
lesion, the technique of excising lesions initially as a disc can
be useful. Such a method allows any local skin tensions that
exist, to create an oval from the original circular defect that
has been created. The correction of standing cutaneous defor-
mities along the apices of the oval may then be performed.
This technique prevents the tendency to excise a lesion nar-
rowly, simply to close a predesigned ellipse. However, there
are caveats to this technique — when free margins are involved
or, for example, when operating on the upper back with the
patient prone with their arms in front of them. Under the lat-
ter circumstance local skin tensions may well be very different
from those when the patient is upright.

Orientation of an elliptical specimen may often be
neglected, but is essential for identifying correctly the location
of residual tumour in the event of an incomplete excision. We
routinely orient specimens by ‘blunting’ one end of the
ellipse-shaped specimen, thus obviating the need for a mark-
ing suture (Fig. le).

Placement of subcuticular sutures to ensure perfect wound
edge apposition and eversion and to create a good seal is
necessary for the best possible aesthetic result. When closing
a larger wound under more tension, the central buried sub-
cuticular suture may slip before being locked, especially
when operating without an assistant. We commonly use a
‘side-by-side’ subcutaneous suture in the centre of the
wound to avoid this potential problem. A standard buried
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