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Abstract
Background:  Anti-desmoglein  1  and  3  autoantibodies  justify  acantholysis  in  pemphigus;  how-
ever, the  pathogenesis  of  anti-desmoglein  2  is  hypothetical.
Objective:  To  compare  the  participation  of  desmogleins  1,  2  and  3  through  the  production  of
serum autoantibodies,  and  protein  and  gene  expression  in  the  skin/mucosa  of  patients  with
pemphigus  foliaceus  and  pemphigus  vulgaris.
Methods:  The  autoantibodies  were  titrated  by  ELISA  in  202  samples  of  pemphigus  foliaceus,
131 pemphigus  vulgaris,  50  and  57  relatives  of  patients  with  pemphigus  foliaceus  and  pemphi-
gus vulgaris,  respectively,  and  114  controls.  Protein  and  gene  expressions  were  determined  by
immunohistochemistry  and  qPCR  in  the  skin/mucosa  of  3  patients  with  pemphigus  foliaceus  and
3 patients  with  pemphigus  vulgaris.
Results:  Higher  titers  of  anti-desmoglein  2  (optical  density)  resulted  in  pemphigus  foliaceus  and
pemphigus  vulgaris,  when  compared  to  controls  (0.166;  0.180;  0.102;  respectively;  p  <  0.0001).
There was  a  correlation  between  anti-desmoglein  2  and  anti-desmoglein  1  titers  in  pemphi-
gus foliaceus  (r  =  0.1680;  p  =  0.0206).  There  was  no  cross-reaction  of  anti-desmoglein  2  with

desmoglein  1  and  3.  Protein  overexpression  of  desmoglein  2  was  observed  in  intact  and  lesional
skin of  patients  with  pemphigus  compared  to  the  skin  of  controls.  Internalization  granules  of
desmoglein  1  and  3,  but  not  of  desmoglein  2,  were  observed  in  lesions  of  pemphigus  foliaceus
and pemphigus  vulgaris,  respectively.  Gene  overexpression  of  desmoglein  2  was  observed  in  the
mucosa.

� Study conducted at the Hospital das Clínicas, Division of Dermatology, Faculdade de Medicina de Ribeirão Preto, Universidade de São
aulo, Ribeirão Preto, SP, Brazil.
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Study  limitations:  Small  sample  size  for  the  statistical  analysis  of  protein  and  gene  expression.
Conclusion:  Autoantibodies  against  desmoglein  2  are  not  pathogenic  in  pemphigus;  protein  and
gene overexpression  of  desmoglein  2  in  the  skin  and  mucosa  may  be  involved  in  acantholysis
repair.
© 2021  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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emphigus  are  autoimmune  bullous  diseases  characterized
y  the  production  of  IgG  autoantibodies  against  desmogleins
Dsg)  1  and  3,  which  break  the  adhesion  of  keratinocytes,
ausing  acantholysis.  In  pemphigus  foliaceus  (PF),  the  pro-
uction  of  anti-Dsg1  is  responsible  for  the  exclusive  skin
nvolvement;  in  pemphigus  vulgaris  (PV),  the  production  of
nti-Dsg3  affects  the  mucosa,  and  when  the  skin  is  involved,
nti-Dsg1  and  anti-Dsg3  are  detected.1,2 Both  PF  and  PV  are
revalent  in  the  southeast  of  Brazil,  and  the  analysis  of  the
LA  profile  of  patients  with  PF  and  PV  confirmed  that  they
ere  distinct  bullous  diseases.3,4

The  participation  of  Dsg2  is  poorly  studied  in  the  patho-
enesis  of  pemphigus.  In  contrast  to  the  expressions  of  Dsg1
nd  Dsg3,  which  are  restricted  to  stratified  epithelia,  Dsg2
s  widely  expressed  in  all  epithelia  containing  desmosomes,
ncluding  pulmonary,  gastrointestinal,  renal  and  myocar-
ial  tissues,  and  in  the  skin,  ovarian,  lung  and  stomach
umors.5---11 In  human  skin,  Dsg2  is  poorly  expressed,  being
estricted  to  the  basal  layer  of  the  epidermis,  while  its
xpression  resembles  the  expressions  of  Dsg1  and  Dsg3  in
mmortalized  squamous  cell  carcinoma  cell  lines.12

To  contribute  to  the  understanding  of  Dsg2  participation
n  the  pathogenesis  of  pemphigus,  the  production  of  autoan-
ibodies  against  Dsg  1,  2  and  3  were  compared  in  a  large
ample  of  patients  with  PF  and  PV,  their  family  members,
nd  healthy  controls  living  in  the  northeast  region  of  the
tate  of  São  Paulo,  Brazil,  where  both  PF  and  PV  are  preva-
ent.  Also,  the  protein  and  gene  expressions  of  Dsg  1,  2  and

 in  the  skin  and  mucosal  samples  obtained  from  patients
ith  PF  and  PV  were  measured.

aterials and methods

thics

he  Human  Ethics  Committee  (CAAE:
6944116.1.0000.5440)  approved  this  study  in  accor-
ance  with  the  ethical  standards  of  the  Declaration  of
elsinki  of  the  World  Medical  Association.  All  participants
igned  the  free  and  informed  consent  form.

tudy  population

erum  samples  from  patients  with  PF  and  PV,  diagnosed
y  clinical,  histopathology,  and  direct  and/or  indirect

mmunofluorescence  tests;  of  first-  and  second-degree  rela-
ives  and  of  controls  (CTL),  who  accompanied  the  patients
uring  the  outpatient  consultation,  were  obtained  from  1997
o  2016.  Five  groups  were  analyzed:  202  patients  with  PF

v
p
s
c

14
nd  131  with  PV,  50  family  members  of  the  PF  group  (FPF),
7  family  members  of  the  PV  group  (FPV),  and  114  CTL.
reatment-naïve  patients  were  classified  according  to  their
linical  form,  that  is,  localized  or  generalized  PF,  and  exclu-
ively  mucosal  or  mucocutaneous  types  of  PV.  Patients  with
F  and  PV  were  divided  into  five  subgroups,  according  to
isease  activity  and  whether  or  not  they  were  undergoing
reatment  at  the  time  of  serum  collection:  treatment-naïve;
ith  active  lesions  and  no  treatment  for  more  than  60
ays;  undergoing  treatment  with  active  lesions;  undergoing
reatment  without  active  lesions;  and  patients  in  remission
patients  without  active  lesions  and  without  immunosup-
ressive  treatment  for  at  least  60  days;  Table  1).

etection  of  IgG  autoantibodies  against  Dsg1  and
sg3 by  ELISA

he  samples  were  tested  with  a  commercial  ELISA  kit  (MBL,
agoya,  Japan)  according  to  the  manufacturer’s  recommen-
ations  (cut-off  =  20  U/mL).

etection  of  IgG  autoantibodies  against  Dsg2  by
n-house ELISA

riefly,  5  ng/�L of  Dsg2  (Leinco,  Fenton,  USA)  diluted
n  a  carbonate-bicarbonate  solution  (pH  7.4)  were  incu-
ated  (50  �L/well)  in  a  96-well  microplate  (Sigma-Aldrich,
t.  Louis,  USA)  at  4 ◦C  overnight.  After  four  washes  with
.05%  PBS/Tween  and  incubation  with  a  blocking  solution
PBS/Tween  0.05%/5%  skim  milk)  for  one  hour  (h),  50  �L
f  serum  samples  (diluted  to  1:  100  in  the  blocking  solu-
ion),  in  duplicate,  were  added  and  incubated  at  room
emperature  (RT)  for  2  hours.  After  four  washes,  50  �L
diluted  to  1:5000  in  the  blocking  solution)  of  HRP  anti-
ody  conjugated  to  anti-human  IgG  (Abcam,  Cambridge,
SA)  were  incubated  at  RT  for  2  hours.  After  four  new
ashes,  50  �L  of  ABTS  peroxidase  substrate  (2,2′-azino-
is(3-ethylbenzothiazoline-6-sulfonic  acid))  were  added  and
ept  at  RT  for  15  minutes  (min)  in  the  dark,  and  the  reaction
as  finally  stopped  with  50  �L  of  1  M  H2SO4.  The  optical  den-

ity  (OD)  titers  were  determined  using  an  ELISA  plate  reader
Biochrom  Asys  Expert  Plus  Microplate  Reader,  Cambourne,
K)  at  405  nm.  Commercial  anti-Dsg2  antibody  (Abcam,
ambridge,  USA)  was  used  as  a  positive  control.  A  cut-off

alue  of  0.1365  OD  was  established  by  the  ROC  curve  (Sup-
lemental  Fig.  1).  Titers  >  0.400  OD  were  obtained  in  four
amples  from  the  CTL  group  and  were  excluded  from  the
alculation  because  they  exceeded  the  normality  curve.
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Table  1  Demographic  and  clinical  data,  and  anti-desmoglein  (Dsg)  ELISA  results  comparing  patients  with  PF  and  PV,  relatives
of PF  and  PV  (FPF  and  FPV)  and  Controls  (CTL).

PF  PV  FPF  FPV  Controls  p
n =  202  n  =  131  n  =  50  n  =  57  n  =  114

Median  age
in years
(25th/75th

quartiles)

35  (21/54)a 48  (35/62)b 40  (29/49)c 30  (19/45)d 59  (45/71)e 0.0001a.b

>  0.9999a.c

<  0.0001a.e

0.0001b.d

0.0068b.e

n  (%)  n  (%)  n  (%)  n  (%)  n  (%)
202 131  50  57  114

Sex 0.0033a.b

0.0027b.e

Female 102  (50.2)a 88  (67.7)b 36  (72.0)c 40  (70.2)d 55  (48.2)e 0.8150a.e

1.0000c.d

Male 101  (49.8) 42  (32.3) 14  (28.0) 17  (29.8) 59  (51.8) 0.0022c.e

0.0088d.e

Disease  duration  (years)*  n  =  199  n  =  130

<  1 45  (22.6) 31  (23.8) NA  NA  NA  0.8967
1 to  -5 87  (43.7) 86  (66.2)  NA  NA  NA  0.0296
6 to  -10 32  (16.1) 9  (6.9) NA  NA  NA  0.0390
11 to  15 11  (5.5) 3  (2.3) NA  NA  NA  0.2630
> 15 24  (12.1) 1  (0.8) NA  NA  NA  0.0001

Clinical form  (treatment-naïve  patients)*  n  =  68  n  =  26

Exclusively
mucosal

NA 8  (30.8)b NA  NA  NA a =  0.9636
b =  0.3909

Muco-cutaneous  NA  18  (69.2)b NA  NA  NA
Localized  34  (50.0)a NA  NA  NA  NA
Generalized  34  (50.0)a NA  NA  NA  NA

Treatment  on  the  date  of  serum  collection*  n  =  186  n  =  127

Treatment-naïve  43  (23.1)a 20  (15.8)b NA  NA  NA a<  0.0001
No treatment  with  active  lesions  34  (18.3)a 11  (8.7)b NA  NA  NA b<  0.0001
Undergoing treatment  without  active  lesions  16  (8.6)a 24  (18.8)b NA  NA  NA
Undergoing  treatment  with  active  lesions  80  (43.0)a 65  (51.2)b NA  NA  NA
In remission  13  (7.0)a 7  (5.5)b NA  NA  NA

Anti-Dsg2 n  =  202  n  =  131  n  =  50  n  =  57  n  =  114  <  0.0001a.e

Above  the
cutoff

129  (63.9)a 87  (66.4)b 19  (38.0)c 42  (73.7)d 31  (27.2)e <  0.0001b.e

0.0012a.c

Below  the
cutoff

73  (36.1)  44  (33.6)  31  (62.0)  15  (26.3)  83  (72.8) <  0.0001c.d

<  0.0001d.e

Anti-Dsg1 <  0.0001a.b

<  0.0001a.e

Above  the
cutoff

179  (88.2)a 67  (51.5)b 6  (12.0)c 1  (1.8)d 4  (3.5)e <  0.0001a.c

<  0.0001b.d

Below  the
cutoff

23  (11.8) 64  (48.5) 44  (88.0) 56  (98.2) 110  (96.5) <  0.0001b.e

0.0325c.d

147



M.C.  Miguel,  T.A.  Julio,  S.  Vernal  et  al.

Table  1  (Continued)

PF  PV  FPF  FPV  Controls  p
n =  202  n  =  131  n  =  50  n  =  57  n  =  114

Anti-Dsg3
Above  the
cutoff

9  (4.5)a 102  (78.5)b 4  (8.0)c 0  (0.0)d 3  (2.6)e <  0.0001a.b

<  0.0001b.e

Below  the
cutoff

193  (95.5) 29  (21.5) 46  (92.0) 57  (100.0) 111  (97.4) <  0.0001b.d

0.0446c.d

NA, Not Applicable; Anti-Dsg1 and anti-Dsg3, cut-off< 20 U/mL (ELISA, MBL, Japan); Anti-Dsg2, cut-off = 0.1365 DO (in-house ELISA).
* Some data not compiled.

Figure  1  IgG  antibodies  against  Dsg1,  Dsg2  and  Dsg3  in  the  studied  groups.  A,  Anti-Dsg2  by  in-house  ELISA.  PF,  PV  and  FPV
had higher  titers  compared  to  controls  (CTL;  p  <  0.0001);  PF  and  FPV  showed  higher  titers  than  FPF  (p  =  0.0046  and  p  =  0.0004,
respectively). B,  Anti-Dsg1  by  commercial  ELISA.  PF  had  higher  titers  compared  to  all  groups  (p  <  0.0001);  PV,  higher  titers  than  FPF,
FPV and  CTL  (p  <  0.0001).  C,  Anti-Dsg3  by  commercial  ELISA.  PV  had  higher  titers  than  all  groups  (p  <  0.0001).  The  horizontal  line  in
each column  indicates  the  median;  the  dotted  line,  the  cut-off  value.  PF,  Pemphigus  Foliaceus;  PV,  Pemphigus  Vulgaris;  FPF,  Family
members of  PF,  FPV,  Family  members  of  PV.  Statistical  analysis:  Kruskal-Wallis  followed  by  Dunn’s  test.  D,  Spearman’s  correlation
b relat
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etween anti-Dsg2  and  anti-Dsg1  titers  in  PF.  E,  Spearman’s  cor

dsorption  ELISA  for  anti-Dsg2  specificity

o  exclude  a  cross-reaction  of  anti-Dsg2  antibodies  with  Dsg1
nd  Dsg3  proteins,  six  serum  samples  from  the  PF  and  six
rom  the  PV  groups,  with  high  titers  of  anti-Dsg  1,  2  and

 were  selected.  Serum  adsorption  ELISA  assays  were  per-
ormed  with  Dsg2  (Leinco,  Fenton,  USA)  until  the  anti-Dsg2
evel  was  below  the  cut-off  value.  Subsequently,  the  remain-

ng  serum  was  placed  in  commercial  anti-Dsg1  and  anti-Dsg3
LISA  plates  (MBL,  Nagoya,  Japan)  to  compare  pre-and  post-
dsorption  titers.

b
s
t

14
ion  between  anti-Dsg2  and  anti-Dsg3  titers  in  PV.

iopsy  samples

kin  and/or  mucosal  biopsies  were  performed  in  three
atients  with  PF  and  three  with  PV,  who  were  treatment-
aïve  or  who  had  active  lesions  without  treatment  for  more
han  60  days.  Biopsies  were  performed  in  intact  perilesional
kin  (IS)  and  bullous  lesions,  named  as  lesional  skin  (LS)  or
esional  mucosa  (LM).  As  a  control,  an  intact  mucosal  (IM)

iopsy  was  taken  from  a  patient  with  PF.  An  abdominoplasty
kin  sample  and  a  PF  IM  sample  were  used  as  controls  in
he  IHC  analysis,  and  two  facelift  (FL)  surgery  skin  samples

8
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ere  used  as  controls  in  the  qPCR  assay.  Four-mm  punch
iopsies  were  divided  into  two  fragments:  one  was  stored
n  Tissue-Tek  medium  (Sakura  Finetek,  Torrance,  USA)  for
taining  with  hematoxylin-eosin  and  immunohistochemistry
IHC),  and  the  other  was  stored  in  RNAlater® solution  (Life
echnologies,  Carlsbad,  USA)  at  −80 ◦C  for  RNA  extraction
nd  subsequent  qPCR  assay.

mmunohistochemistry  (IHC)

he  HRP-Polymer  MACH  1  Detection  System  (Biocare  Medi-
al,  Concord,  USA)  was  used  according  to  the  manufacturer’s
ecommendations.  Frozen  fragments  were  fixed  in  acetone
Merck,  Darmstadt,  Germany)  at  4 ◦C  for  10  minutes  and
ashed  in  PBS  pH  7.4;  the  endogenous  peroxidase  activ-

ty  was  inhibited  by  incubation  with  0.3%  H2O2 (Labsynth,
iadema,  Brasil)  for  10  minutes.  Then,  the  fragments  were

ncubated  with  Sniper  blocking  solution  at  RT  for  10  minutes,
ollowed  by  the  addition  of  5  �g/mL  of  anti-Dsg1,  anti-Dsg2,
nd  anti-Dsg3  monoclonal  antibody  (Abcam,  Cambridge,
K)  for  2  hours.  The  sections  were  washed  with  PBS  for

 minutes  twice.  Then,  the  probe  was  added  for  15  minutes.
he  sections  were  washed  in  PBS  again  and  incubated  with
he  HRP  polymer  for  30  minutes.  After  the  washing,  the
eaction  was  completed  by  adding  the  chromogenic  sub-
trate  diaminobenzidine  for  2  minutes,  prepared  according
o  the  manufacturer’s  instructions  (Biocare  Medical,  Con-
ord,  USA).  The  sections  were  then  contrasted  with  Harris’
ematoxylin  (Merck  Millipore,  Burlington,  USA)  for  40  sec-
nds  and  washed  in  running  water.  To  mount  the  slides,  the
ections  were  dehydrated  in  ethanol  baths  with  increasing
oncentrations  and  diaphanized  in  a  xylene  bath  and  then
ounted  with  Entellan  (Merck,  Darmstadt,  Germany),  and

he  sections  were  coverslipped  for  analysis  under  optical
icroscopy  (Imager-  A1,  Zeiss,  Germany).

NA  extraction  and  cDNA  synthesis

otal  RNA  was  extracted  from  skin  or  mucosal  biopsy  sam-
les  using  Trizol  reagent,  according  to  the  manufacturer’s
nstructions  (Invitrogen,  Carlsbad,  USA).  After  extraction,
he  samples  were  incubated  with  DNAse  (Promega,  Madison,
SA)  and  quantified  in  a  NanoVue® Plus  spectrophotometer

GE  Healthcare  Life  Sciences,  Chicago,  USA).  A  40  ng  RNA
ample  was  reversely  transcribed  with  the  cDNA  synthesis
it  (Promega,  Madison,  USA)  according  to  the  manufacturer’s
nstructions.

eal-time  quantitative  polymerase  chain  reaction
qPCR) and  sequencing  of  Dsg1,  Dsg2  and  Dsg3

YBR  Green  qPCR  was  performed  in  a  final  volume  of  22.5  �L,
ith  12.5  �L  of  SYBR  Green  PCR  MIX  (Promega,  Madison,
SA),  0.5  �L  of  each  primer  (10  �M),  6.5  �L  of  ultrapure
ater  and  2.5  �L of  cDNA  (1:4)  in  the  Rotor  Gene-Q® ther-
ocycler  (Qiagen,  Hilden,  Germany).  Primer  sequences  that
mplify  fragments  of  the  Dsg1,  Dsg2  and  Dsg3  genes  and  of
he  human  ribosomal  gene  (18S)  as  endogenous  genes  were
sed.13---15 The  primer  sequences,  the  resulting  amplified
roduct  (amplicon)  and  the  amplification  cycle  parameters
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re  detailed  in  Supplemental  Table  1.  The  relative  gene
xpressions  of  Dsg1,  Dsg2  and  Dsg3  were  calculated  using
he  equation  2 (−�cT), having  the  18S  rRNA  as  the  reference
ene;  �cT  was  calculated  by  subtracting  the  cycle  thresh-
ld  (cT)  value  from  the  target  gene  (Dsg1,  Dsg2  or  Dsg3)
rom  the  cT  value  of  the  reference  gene  (18S).16 To  ver-
fy  the  specificity  of  each  sequence,  the  obtained  amplicon
as  purified  (ExoSAP-IT®),  sequenced  (3500  Genetic  Ana-

yzer,  Applied  Biosystems,  USA),  and  analyzed  at  the  NCBI
LAST.

tatistical  analysis

ategorical  variables  were  analyzed  using  the  chi-square
est  (×2)  or  Fisher’s  exact  test  when  data  were  scarce.
ruskall-Wallis  test,  followed  by  Dunn’s  test,  was  used  to
ompare  ELISA  titers  between  the  groups.  Spearman’s  test
as  used  to  correlate  antibody  titers  against  Dsgs,  as  well
s  with  disease  duration  and  patient  age.  Friedman’s  test
as  used  to  compare  serial  pre-  and  post-serum  adsorp-

ion  anti-Dsg2  titers.  Wilcoxon’s  test  was  applied  to  compare
nti-Dsg1  and  anti-Dsg3  titers  pre-  and  post-adsorption  with
sg2.  Multivariate  logistic  regression  analysis  with  SPSS
tatistics  17.0  (IBM  SPSS® software,  USA)  was  used  to  confirm
he  significant  results  obtained  in  the  univariate  analy-
is.  Significance  was  set  at  �  =  5%.  The  GraphPad  Prism
.1  software  was  used  for  statistical  analysis  and  for  the
onstruction  of  graphs  (GraphPad  software  Inc.,  La  Jolla,
SA).

esults

able  1  summarizes  the  demographic,  clinical,  and  labora-
ory  data  of  the  studied  groups.  The  PF  and  PV  groups  had
imilar  and  higher  anti-Dsg2  titers  (OD)  when  compared  to
he  CTL  group  (0.166;  0.180;  0.102,  respectively;  p  <  0.0001;
ig.  1A).  Also,  the  PF  group  had  higher  anti-Dsg2  titers  com-
ared  to  the  FPF  (p  =  0.0046)  and  FPV  (p  =  0.0004)  groups.
hese  results  remained  statistically  significant  after  the
ultivariate  analysis,  corrected  for  age,  sex,  and  antibody

iters  against  Dsg1  and  Dsg3.  The  production  of  autoantibod-
es  against  Dsg1  and/or  Dsg3  was  observed  in  the  groups  of
amily  members  and  CTL  (Fig.  1B---C).  Anti-Dsg2  titers  were
igher  in  the  treatment-naïve  PF  and  PV  groups  when  com-
ared  to  the  CTL  group  (p  <  0.0001),  and  in  the  untreated
V  group  when  compared  to  the  PV  group  undergoing
reatment  (p  =  0.0311;  Supplemental  Fig.  2),  remaining  sig-
ificant  after  the  multivariate  analysis  (p  =  0.0500).  The  PF
ubgroups  did  not  differ  regarding  the  anti-Dsg2  titers  (data
ot  shown).

The  seroprevalence  of  anti-Dsg2  in  the  PF,  PV  and  FPV
roups  was  similar  (63.9%;  66.4%;  73.7%,  respectively)  and
igher  than  in  the  FPF  and  CTL  groups  (38%  and  27.2%,
espectively;  p  <  0.0001;  Table  1).

There  was  no  significant  correlation  of  anti-Dsg2  titers
ith  disease  duration  in  PF  (p  =  0.5365)  and  PV  (r  =  -0.1629;
 =  0.0630;  data  not  shown),  as  well  as  with  the  clinical
orm  of  PF  (p  =  0.9636)  and  PV  (p  =  0.3909;  Table  1).  There
as  no  significant  difference  in  the  anti-Dsg2  titers  in  the
F  and  PV  subgroups  with  active  skin  lesions  and  without

9
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Figure  2  Immunohistochemistry  panel  with  Dsg1,  Dsg2  and  Dsg3  expressions  in  skin  samples  (original  magnification:  ×40).  (A),
Abdominoplasty  control  skin  sample  showing  typical  distribution  of  Dsg1,  Dsg2  and  Dsg3  in  the  epidermis.  (B),  PF  -  intact  skin  sample
showing increased  expressions  of  Dsg2  and  Dsg3  in  the  entire  epidermis  and  PF  -  lesional  skin  sample  showing  increased  expressions
of Dsg2  and  Dsg3  on  the  roof  and  floor  of  the  acantholytic  bulla.  (C),  PV-intact  skin  sample  showing  increased  expression  of  Dsg2
a
o

nd Dsg3  in  the  entire  epidermis  and  PV-lesional  skin  sample  showin
f the  bulla  and  in  the  acantholytic  cells.

15
g  increased  expression  of  Dsg2  and  Dsg3  on  the  roof  and  floor
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Figure  3  Immunohistochemistry  panel  with  Dsg1,  Dsg2  and  Dsg3  expressions  in  mucosal  samples.  (A),  PF-intact  mucosa  showing
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of  Dsg1  and  Dsg3  (Fig.  2A).  Different  from  the  control  skin
sample,  Dsg2  expression  was  more  intense  in  all  layers  of
the  epidermis  in  IS  samples  from  the  PF  and  PV  groups
he typical  distribution  of  Dsg1,  Dsg2  and  Dsg3  in  the  epithelium
nd Dsg3  expression  surrounding  the  acantholytic  bulla  (origina

kin  lesions  (p  =  0.3790  and  p  =  0.1312,  respectively;  data  not
hown).

There  was  a  positive  correlation  of  anti-Dsg2  titers  with
nti-Dsg1  titers  in  the  PF  group  (r  =  0.1628;  p  =  0.0206),  with

 trend  towards  a  positive  correlation  with  anti-Dsg3  titers
n  PV  (r  =  0.1675,  p  =  0.0568;  Fig.  1D---E).  Considering  the
reatment-naïve  subgroups,  and  the  untreated  for  more  than
0  days  and  with  active  lesions  subgroups,  there  was  no  cor-
elation  between  anti-Dsg2  titers  and  anti-Dsg1  titers  in  PF
r  = 0.2100,  p  =  0.0650),  as  well  as  with  the  anti-Dsg3  titers
n  PV  (r  =  0.1481,  p  =  0.4264;  data  not  shown).

After  adsorption  of  sera  from  patients  with  PF  and  PV  with
he  Dsg2  peptide,  anti-Dsg1  and  anti-Dsg3  titers  remained

imilar  to  the  pre-adsorption  ones  (p  >  0.9999  and  p  =  0.4063,
espectively),  confirming  the  specificity  of  anti-Dsg2  anti-
odies  (Supplemental  Tables  2  and  3).

(

15
inal  magnification:  ×63).  (B),  PV-lesional  mucosa  showing  Dsg2
lification:  ×100  and  ×40).

rotein  expression  of  desmogleins  by  IHC

able  2  shows  the  demographic  and  serological  data  of
atients  with  PF  and  PV  submitted  to  skin  and/or  mucosa
iopsy  for  IHC  analysis.

The  classic  epidermal  distribution  of  Dsgs  was  con-
rmed  in  the  abdominoplasty  control  skin  sample:  Dsg1  was
xpressed  throughout  the  epidermis,  predominantly  in  the
pper  layers,  while  Dsg2  and  Dsg3  predominated  in  the  lower
ayers.  The  expression  of  Dsg2  was  less  intense  than  that
Fig.  2B---C).  The  LS  samples  of  the  PF  group  showed  intense
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xpression  of  Dsg2  on  the  floor  of  the  bulla  and,  in  the
V  group,  on  the  roof  and  floor  of  the  bulla,  including  its
xpression  in  acantholytic  cells  (Fig.  2B---C).

Similar  to  the  control  skin  sample,  Dsg2  expression  in  the
F  IM  sample  was  more  intense  in  the  lower  layers.  Moreover,
here  was  a  predominance  of  Dsg3  expression  in  all  layers  of
he  epidermis,  compared  to  those  of  Dsg1  and  Dsg2  (Fig.  3A).
n  the  LM  of  the  PV  group,  there  was  a  predominance  of  Dsg3
xpression  on  the  roof  and  floor  of  the  bulla  (Fig.  3B---C).

In  the  PF  LS  sample,  conspicuous  intercellular  and  intra-
ytoplasmic  granules  corresponding  to  the  internalization  of
sg1,  were  observed  along  the  entire  length  of  the  bulla
oor,  from  the  basal  layer  to  the  Malpighian  layer  (Fig.  4A).

ntracytoplasmic  granules,  which  could  represent  the  inter-
alization  of  Dsg2,  were  not  observed  in  the  lesion  samples
f  the  PF  and  PV  groups  (Fig.  4B).  Fine  and  sparse  intercel-
ular  granules  of  Dsg3  were  demonstrated  in  the  LS  and  LM
amples  of  the  PV  group  (Fig.  4C).

ene  expression  of  desmogleins  by  qPCR

able  2  shows  the  demographic  and  serological  data  of
atients  with  PF  and  PV  submitted  to  skin  and/or  mucosa
iopsy  for  qPCR  assays.  The  amplification  curves  of  the  cDNA
amples  are  shown  in  Supplemental  Fig.  3.  The  results  of
he  relative  gene  expressions  of  Dsg  1,  2  and  3  are  shown  in
ig.  5.

Considering  the  control  FL  skin  sample,  there  was  a  pre-
ominance  of  relative  gene  expression  of  Dsg3,  followed  by
xpressions  of  Dsg1  and  Dsg2  (Fig.  5A---B).  The  relative  gene
xpressions  of  Dsg1  and  Dsg3  were  lower  in  the  PV,  followed
y  the  PF  group,  with  a  similar  distribution  of  Dsgs  to  the  FL
ample  (Fig.  5A---B).

The  expressions  of  Dsg  1,  2  and  3  showed  different  results
n  the  IM  samples  from  the  PF  group  and  LM  from  the  PV
roup,  with  a  predominance  of  Dsg3  expression  (Fig.  5C).
he  expression  of  Dsg2  was  shown  to  be  higher  in  the  IM
ample  of  the  PF  and  LM  of  the  PV  group,  compared  to  the
S  and  LS  samples  of  the  PF  and  PV  groups  (Fig.  5D).

iscussion

n  the  present  study,  we  demonstrated  the  production  of
erum  IgG  autoantibodies  against  Dsg2  in  a  large  sample  of
atients  with  PF  and  PV,  compared  to  the  FPF,  FPV  and  CTL
roups,  all  inhabitants  of  a  region  prevalent  in  PF  and  PV
n  Southeastern  Brazil.3 The  seroprevalence  of  anti-Dsg2  in
he  PF  group  (63%  of  202  PF)  was  higher  when  compared
o  the  study  by  Flores  et  al.  (2012;  40%  of  106  PF),  which
as  carried  out  in  an  endemic  region  for  PF  in  Brazil.17 The

eroprevalence  in  the  CTL  group  was  similar  in  both  (20%
nd  27%,  respectively).

Due  to  the  protein  similarity  of  Dsg1,  Dsg2  and  Dsg3,  a
ossible  cross-reaction  of  anti-Dsg2  antibodies  with  Dsg1  and
sg3  proteins  was  suggested.5 However,  adsorption  tests  did
ot  show  differences  in  anti-Dsg1  and  anti-Dsg3  titers  when

he  pre-  and  post-adsorption  results  were  compared  with
sg2,  confirming  the  specific  anti-Dsg2  production.

Considering  the  specificity  of  the  production  of  autoanti-
odies  against  Dsg2,  some  questions  must  be  considered:  (a)

a
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ould  they  be  pathogenic?  and  (b)  Would  they  be  produced
y  the  epitope-spreading  phenomenon?18

As  for  the  first  question,  the  analysis  of  the  results  points
o  the  non-pathogenicity  of  anti-Dsg2  antibodies  in  pemphi-
us.  Higher  anti-Dsg2  titers  were  detected  in  the  PF,  PV  and
PV  groups  when  compared  to  the  FPF  and  CTL  groups.  The
roduction  of  anti-Dsg1  and  anti-Dsg3  by  healthy  individuals
s  known;  therefore,  the  presence  of  anti-Dsg2  in  the  FPF,
PV,  and  CTL  groups  would  not  exclude  its  participation  in
he  pathogenesis  of  PF  and  PV.19---21 Anti-Dsg2  titers  corre-
ated  with  those  of  anti-Dsg1  in  PF  (r  =  0.1628;  p  =  0.0206),
lso  reported  by  Flores  et  al.  (2012);17 however,  there  was
o  correlation  of  anti-Dsg2  with  anti-Dsg3  in  PV.  Moreover,
nti-Dsg2  titers  did  not  correlate  with  the  clinical  form  of
isease  activity  in  the  PF  and  PV  groups,  in  contrast  to  anti-
sg1  and  anti-Dsg3  serum  titers,  which  are  associated  with
F  and  PV  severity.22,23 Additionally,  higher  anti-Dsg2  titers
ere  found  in  the  untreated  PF  and  PV  groups  when  com-
ared  to  the  CTL  group,  and  in  the  untreated  PV  group  when
ompared  to  the  treated  PV  group.  Thus,  the  decrease  in
nti-Dsg2  after  immunosuppressive  treatment  could  favor
he  pathogenicity  of  anti-Dsg2  in  PV;  however,  this  result
as  not  confirmed  in  the  PF  group.  Concluding  this  discus-

ion,  the  expression  of  Dsg2  in  tissues  other  than  the  skin
s  known,  such  as  lung,  gastrointestinal,  renal,  and  myocar-
ial  tissues.5,8 Thus,  corroborating  that  anti-Dsg2  antibodies
re  not  pathogenic,  there  is  no  evidence  of  involvement
f  internal  organs  in  pemphigus,  with  the  exception  of  the
sophagus  in  the  PV  group.24

As  for  the  second  question,  it  would  be  more  plausi-
le  to  consider  that  anti-Dsg2  antibodies  were  produced  by
he  epitope-spreading  phenomenon  in  PV  since  Dsg2  and
sg3  are  more  expressed  in  the  lower  layers  of  the  epi-
ermis.  Moreover,  patients  with  PV  had  higher  anti-Dsg2
iters  prior  to  the  start  of  the  immunosuppressive  treat-
ent.  Hence,  one  could  suppose  that  Dsg2  is  exposed  at

he  beginning  of  the  acantholytic  process,  produced  by
nti-Dsg3,  with  the  consequent  production  of  anti-Dsg2
y  the  epitope-spreading  phenomenon.18 However,  similar
nti-Dsg2  titers  were  observed  in  PF  and  PV.  Thus,  the
pitope-spreading  phenomenon  would  be  occurring  in  both
F  and  PV  pathogenic  processes.  This  discussion  will  be
esumed  after  considering  the  IHC  results.

Since  patients  with  PF  and  PV  produced  anti-Dsg2,  it  was
ecided  to  verify  the  protein  and  gene  expressions  of  Dsg2
n  situ  through  IHC  and  qPCR,  respectively,  and  compare  the
esults  with  the  expressions  of  Dsg1  and  Dsg3.  The  IP  and  LS
amples  of  the  PF  and  PV  groups  were  compared  through
HC  and  qPCR  in  the  abdominoplasty  and  FL  skin  samples,
espectively.  The  LM  of  the  PV  group  was  compared  to  the
M  of  the  PF  group.

In  the  abdominoplasty  control  sample,  the  protein
xpression  of  Dsgs  confirmed  the  classic  distribution  pat-
ern  in  epidermal  layers,  with  the  expression  of  Dsg2  being
estricted  to  the  lower  layers.  Also,  Dsg1  and  Dsg3  were
redominantly  expressed  in  keratinocyte  membranes.5,12

nterestingly,  the  expressions  of  Dsg2  and  Dsg3  in  IS  samples
rom  the  PF  and  PV  groups  were  more  intense  than  in  the

bdominoplasty  skin  sample  and  extended  to  all  layers  of
he  epidermis.  In  the  LS  of  PF  and  PV  groups,  Dsg2  expres-
ion  was  intense  on  the  roof  and  floor  of  the  bulla  and  in
cantholytic  cells.  Moreover,  in  LS  samples  from  the  PF  and

2
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Figure  4  Immunohistochemistry  panel  with  Dsg1,  Dsg2  and  Dsg3  expressions  in  skin  and  mucosa  samples  from  patients  with  PF  and
PV. (A),  Dsg1  in  intact  and  lesional  skin  samples  from  patient  PF2  showing  conspicuous  intercellular  and  intracytoplasmic  granules
(Dsg1 internalization),  widely  distributed  in  lesional  skin  (original  magnification:  ×100).  (B),  Dsg2  comparing  intact  and  lesional  skin
sample from  patient  PF2,  confirming  the  absence  of  granules  (original  magnification:  ×100).  (C),  Dsg3  comparing  intact  mucosa
sample from  patient  PF2  and  lesional  mucosa  from  patient  PV3,  showing  fine  intercellular  and  intracytoplasmic  granules  (Dsg3
internalization)  in  the  lesional  mucosa  (original  magnification:  ×100).
15
3
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Figure  5  Relative  gene  expressions  (×10-4)  of  Dsg1,  Dsg2  and  Dsg3  in  skin  and  mucosal  samples.  (A),  Intact  skin  (IS)  lesional  skin
(LS) samples  of  the  PF  group  compared  to  the  facelift  (FL)  control  sample  showing  predominance  of  Dsg3  expression  in  comparison
to Dsg1  and  Dsg2.  (B),  IS  and  LS  samples  of  the  PV  and  FL  groups.  The  expressions  of  Dsg1,  Dsg2  and  Dsg3  were  lower  than  in  the
FL sample.  (C),  Lesional  mucosa  (LM)  sample  of  the  PV  group  in  comparison  to  intact  mucosa  (IM)  sample  of  the  PF  group  showing
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redominance  of  Dsg3  expression  in  comparison  to  Dsg1  and  Dsg
f Dsg2  expression  in  all  PF  and  PV  samples.  Relative  gene  expr
8S rRNA  as  the  reference  gene.

V  groups,  the  presence  of  intra-  and  intercellular  Dsg1  and
sg3  granules  was  observed  in  keratinocytes,  respectively.
sg1  granules  extended  through  the  entire  Malpighian  layer
ver  the  floor  of  the  PF  acantholytic  bulla,  confirming  the
nternalization  of  Dsg1  described  thirty  years  ago.25---28 The
nternalization  of  Dsg3  in  the  LS  sample  of  the  PV  group  was
ess  evident  but  has  been  commonly  described.29---32 While
sg2  was  overexpressed  in  IS,  its  internalization  was  absent

n  LS  samples  of  the  PF  and  PV  groups,  representing  further
vidence  that  anti-Dsg2  antibodies  have  no  pathogenic  role
n  pemphigus  acantholytic  process.

In  the  FL  skin  sample,  the  relative  gene  expression  of
sg2  was  lower  than  that  of  Dsg1  and  Dsg3,  consistent  with
he  protein  expression  evaluated  by  IHC.  Surprisingly,  the
elative  gene  expression  of  Dsg2  was  increased  in  the  IM  of
he  PF  and  LM  of  the  PV  group.

The  role  of  protein  and  gene  overexpression  of  Dsg2

n  skin/mucosal  samples  from  patients  with  PF  and  PV
eserves  attention.  Iwatsuki  et  al.  (1999)  showed  that  the
nternalization  of  Dsg1  and  Dsg3  preceded  acantholysis  in
kin  samples  from  PF  and  PV  and  was  associated  with

g
t
f
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15
g2  expression  is  increased  in  mucosal  samples.  (D),  Comparison
ns  of  Dsg1,  Dsg2,  Dsg3  were  calculated  using  2(−�cT) and  using

he  induction  of  Dsg2  expression  to  compensate  for  the
epletion  of  Dsg1  and  Dsg3.13 Moreover,  Moll  et  al.  (1999)
emonstrated  a  strong  expression  of  Dsg2  in  a  skin  culture
odel  created  to  study  epithelial  healing.33 In  transgenic
ice  overexpressing  Dsg2,  Brennan  et  al.  (2010)  demon-

trated  the  hyperproliferation  of  epidermal  keratinocytes
nd  decreased  apoptosis  and  showed  that  the  overexpres-
ion  of  Dsg2  restricted  the  formation  of  epidermal  bullae
y  IgPF.34,35 Subsequently,  Hartlieb  et  al.  (2014)  demon-
trated  that  although  Dsg2  contributes  less  than  Dsg3  to
eratinocyte  cohesion,  Dsg2  compensated  for  Dsg3  loss  of
unction.6,36 More  recently,  Sigmund  et  al.  (2020)  demon-
trated  that  Dsg2  shows  heterophilic  binding  to  Dsg3  and
an  minimize  the  loss  of  adhesion  between  keratinocytes  in
he  acantholytic  process.37

Adding  our  results  to  the  reports  in  the  literature,  Dsg2
verexpression  in  the  skin  and  mucosa  of  the  PF  and  PV

roups  seems  to  be  in  line  with  the  aforementioned  reports:
he  overexpression  of  Dsg2,  to  compensate  for  the  loss  of
unction  of  Dsg1  and  Dsg3,  might  afford  protection  against
cantholysis  and  be  involved  in  tissue  repair.  Moreover,
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Table  2  Demographic,  clinical  and  anti-Dsg  1,  2  and  3  antibody  titers  by  ELISA  of  patients  with  PF  and  PV  submitted  to  skin
and/or mucosa  biopsy.

Age  Sex  Disease
duration
(months)

Clinical  form  Treatment  on
biopsy  date

ANTI-DSG1
(U/ML)a

ANTI-DSG2
(OD)b

ANTI-DSG3
(U/ML)a

PF1  23  Male  48  Generalized  In  treatment  for
30 days

99.80  0.088  1.93

PF2 18  Male  6  Generalized  Treatment  naïve  193.08  0.223  4.15
PF3 25  Male  36  Localized  Treatment  naïve  237.90  0.894  8.70
PV1 61  Male  24  Muco-cutaneous  No  treatment  for

more  than  60  days
3.87  0.211  172.78

PV2 50  Male  4  Muco-cutaneous  Treatment  naïve 42.16  0.213  166.91
PV3 68  Male  6  Muco-cutaneous  Treatment  naïve 167.62  0.311  163.80
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a Anti-Dsg1 and 3 cut-off = < 20 U/mL (ELISA, MBL, Japan).
b Anti-Dsg2 cut-off = 0.1365 DO (in-house ELISA).

he  overexpression  of  Dsg2  in  all  layers  of  the  epidermis
n  the  IS  and  LS  of  the  PF  and  PV  groups  might  justify
he  production  of  autoantibodies  against  Dsg2  through  the
pitope-spreading  phenomenon.

Finally,  although  anti-Dsg1  and  anti-Dsg3  autoantibod-
es  are  reported  in  normal  populations,  the  results  of
ncreased  anti-Dsg2  titers  in  the  FPV  group  should  be  further
valuated.19---21

tudy limitations

he  present  study  had  a  small  sample  size  for  the  statistical
nalysis  of  the  protein  and  gene  expressions  of  Dsg2  in  the
issues.

onclusion

he  present  results  allow  the  conclusion  that  autoantibodies
gainst  Dsg2  are  not  pathogenic  in  pemphigus  and  that  pro-
ein  and  gene  overexpression  of  Dsg2  in  the  skin  and  mucosal
amples  from  patients  with  PF  and  PV  may  be  involved  in  the
rotection  against  acantholysis.

ubmission and verification statement

he  partial  results  of  the  ELISA  test  were  presented  as
 poster  entitled  ‘‘Antibodies  against  desmoglein  2  are
resent  in  samples  from  patients  with  pemphigus  foliaceus
nd  pemphigus  vulgaris  and  in  family  members  and  con-
rols  from  an  endemic  region’’  at  the  XXXIV  Annual  Meeting
f  Latin  American  Dermatologists,  2016,  São  Paulo,  having
een  awarded  the  third  place.
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