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Abstract
Background:  Anti-desmoglein  (Dsg)1  is  produced  in  pemphigus  foliaceus  (PF),  affecting  exclu-
sively the  skin.  Pemphigus  vulgaris  (PV)  shows  the  production  of  anti-Dsg3  in  the  mucosal  form,
and anti-Dsg1  and  3  in  the  mucocutaneous  form.  Anti-Dsg3  autoantibodies  have  been  rarely
reported in  PF.
Objectives:  To  determine  the  factors  associated  with  the  production  and  pathogenicity  of  anti-
Dsg3 in  PF.
Methods:  Comparative  analytical  study  of  three  patients  groups:  16  PF-anti-Dsg3+,  and  42  PF-
anti-Dsg3(-)  and  22  PV  treatment-naïve  cases.  Serum  was  used  in  the  anti-Dsg1  and  3  ELISA,  and
in immunoblotting  (IB)  with  human  epidermis  extract.  The  expression  of  Dsg1  and  3  in  paraffin
sections was  analyzed  by  immunohistochemistry  (IHC).  HLA-DRB1  alleles  were  compiled  from  a
database.
Results: In  the  PF-anti-Dsg3+  group:  age  range  similar  to  that  of  the  PV  group  (p  >  0.9999);
predominance  of  the  generalized  form  of  PF  (p  =  0.002);  anti-Dsg3  titers  lower  than  those  of  PV

(p <  0.0001);  IB  confirmed  Dsg3  identification  in  one  (8.33%)  of  12  patients;  IHC  showed  exclusive
cytoplasmic  internalization  of  Dsg1;  HLA-DRB1  alleles  of  susceptibility  to  PF,  with  the  absence
of alleles  associated  with  PV,  in  the  five  typed  patients.
Study limitations:  Most  of  the  patients  in  the  PF-anti-Dsg3+  group  were  undergoing  treatment.

� Study conducted at the Laboratory of the Dermatology Division, Hospital das Clínicas, Faculty of Medicine of Ribeirão Preto, Universidade
e São Paulo, São Paulo, SP, Brazil.
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Conclusion:  The  presence  of  anti-Dsg3  antibodies  in  PF  was  related  to  older  age  (comparable
to that  of  PV)  and  the  generalized  form  of  PF.  The  non-pathogenicity  of  anti-Dsg3  antibodies
in PF  can  be  attributed  to  the  low  serum  anti-Dsg3  titers,  the  lack  of  Dsg3  internalization  as
detected by  IHC,  and  the  absence  of  PV-associated  HLA-DRB1  alleles.
© 2024  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  diseases,  in  which  intraepi-
ermal  acantholytic  bullae  are  caused  by  the  deposition
f  serum  antibodies  in  desmogleins  (Dsg),  components  of
he  epidermal  desmosomes.1---3 Pemphigus  vulgaris  (PV)  and
emphigus  foliaceus  (PF)  are  prevalent  in  southeastern
razil.4,5 In  PV,  patients  are  usually  elderly,  with  initial
ucosal  involvement,  and  have  autoantibodies  against  Dsg3.

n  the  mucocutaneous  form  of  PV,  there  is  also  the  pro-
uction  of  anti-Dsg1.  PF  (also  known  as  Fogo  Selvagem  [FS]
n  Brazil)  affects  exclusively  the  skin  of  young  adults,  with
nti-Dsg1  production.1---5

Dsg1  and  3  are  transmembrane  proteins  of  160kDa  and
30kDa,  respectively,  expressed  by  genes  located  on  chro-
osome  18.6 Dsgs  compensation  theory  explains  the  level  of

ntraepidermal  acantholysis  in  pemphigus.7 Anti-Dsg1  anti-
odies  in  PF  cause  subgranular  acantholysis,  as  Dsg1  is
xpressed  more  intensily  in  the  upper  layers  of  the  epi-
ermis.  Anti-Dsg3  antibodies  cause  suprabasal  acantholysis,
s  Dsg3  is  most  often  expressed  in  the  lower  layers  of  the
pidermis,  and  in  all  epithelial  layers  in  the  mucous  mem-
ranes.  Moreover,  as  there  is  a  lower  expression  of  Dsg1
n  the  mucosa,  it  is  not  affected  by  anti-Dsg1  antibodies
n  PF,  as  Dsg3  compensates  for  epithelial  cell  cohesion  in
he  mucosa.8 Subsequently,  the  hypothesis  of  Dsgs  compen-
ation,  to  explain  the  level  of  cleavage  of  epidermal
cantholysis  related  to  the  production  of  anti-Dsg1  and  3,
tarted  to  be  discussed  again,  since  exclusively  suprabasal
cantholysis  in  PV  would  not  be  explained  in  the  mucocu-
aneous  form,  when  anti-Dsg1  is  also  present.  Other  target
olecules  of  epidermal  adhesion  are  now  identified  in  the
athogenesis  of  pemphigus,  as  well  as  mitochondrial  pro-
eins,  cholinergic  receptors,  and  other  molecules,  which  act
ynergistically  with  anti-Dsg1  and  Dsg3  antibodies  in  epider-
al  acantholysis.9---18

As  both  PV  and  PF  are  prevalent  in  southeastern  Brazil,
here  is  an  opportunity  for  outpatient  follow-up  of  a  large
eries  of  patients.4,5 In  the  PF  series,  over  a  25-year  period,
t  was  observed  that  6,64  %  of  the  patients,  in  addition
o  being  positive  for  anti-Dsg1,  also  had  reactive  titers
o  Dsg3  in  the  ELISA  test,  without,  however,  showing  a
henotype  of  mucosal  lesions.  Therefore,  we  aimed  to  ana-
yze  clinical-laboratory  data  in  the  group  of  patients  with
F  and  reactivity  to  Dsg3  (PF-anti-Dsg3+).  For  this  pur-
ose,  three  groups  were  compared:  PF-anti-Dsg3+,  PF  with
nti-Dsg3  negativity  and  treatment-naïve  [PF-anti-Dsg3(-)],
nd  treatment-naïve  PV.  For  specific  purposes,  the  follow-

ng  were  evaluated:  (i)  Demographic  and  clinical  data;  (ii)
emporal  evolution  of  anti-Dsg1  and  3  titers  by  ELISA  and
dentification  of  Dsg1  and  3  by  immunoblotting  (IB)  in  the
F-anti-Dsg3+  group;  and  (iii)  Expression  of  Dsg1  and  3  in
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araffin-embedded  skin  biopsies  by  immunohistochemistry
IHC)  and  (iv)  typification  of  HLA-DRB1  alleles  associated
ith  PF  and  PV  in  the  PF-anti-Dsg3+  and  PF-anti-Dsg3(-)
roups.

ethods

his  is  a  comparative  analytical  study  of  three  groups.  The
ample  bank  of  the  Dermatology  Laboratory,  Hospital  das
línicas,  FMRP-USP,  has  the  approval  of  the  Research  Ethics
ommittee  (HCRP  Process  number  3605/2006).  Patients  and
ontrol  individuals  signed  the  free  and  informed  consent
orm  at  the  time  of  sample  collection.

ase  series

t  consisted  of  80  patients:  16  PF-anti-Dsg3+,  42  PF-anti-
sg3(-)  and  22  PV  cases.  The  clinical  findings  were  confirmed
y  histopathological  examination  and  by  direct  immunoflu-
rescence  (DIF)  and/or  indirect  immunofluorescence  (IIF).
emographic,  clinical  and  laboratory  data  (anti-Dsg1  and
sg3  by  ELISA  and  HLA  alleles)  were  obtained  from  data
ecorded  at  the  Laboratory  of  Dermatology.  In  the  PF-
nti-Dsg3+  group,  three  (20%)  of  the  15  patients  (with
nformation  about  treatment)  were  untreated  at  the  time  of
lood  collection,  while  42  of  the  PF-anti-Dsg3(-)  patients  and
2  PV  were  all  treatment-naïve.  Immunoblotting  (IB)  assays
ere  performed  with  12  (75%)  of  the  16  serum  samples  from

he  PF-anti-Dsg3+  group,  with  some  patients  having  more
han  one  sample  analyzed,  collected  at  different  times.  IHC
as  performed  on  sections  from  the  paraffin  blocks  of  four
atients  from  the  PF-anti-Dsg3+  group  and  one  from  the
F-anti-Dsg3(-)  group.

LISA  for  the  detection  of  IgG  antibodies  against
sg1 and  3

he  manufacturers  recommendations  were  followed.  Values
 20  U/mL,  between  9---20  U/mL  and  <  9  U/mL  were  con-

idered  positive,  indeterminate  and  negative,  respectively
MBL,  Nagoya,  Japan).

B  with  human  epidermis  extract  and  patient  serum

riefly,  skin  fragments  were  incubated  for  48  h  in  PBS
ith  EDTA  (Merck)  and  PMSF  (Sigma-Aldrich)  to  separate

he  epidermis  from  the  dermis.  Protein  extraction  from

he  epidermis  was  carried  out  with  a  Tris-HCL,  SDS,  2-
ercaptoethanol  solution,  and  then  an  EDTA,  PMSF  and
roteinase  inhibitor  cocktail  (Sigma-Aldrich)  were  added.
fter  the  electrophoretic  run,  the  polyacrylamide  gel  was

1
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Table  1  Demographic,  clinical  and  antibody  against  Dsg1  and  3  data  of  the  PF-anti-Dsg3+  group,  compared  to  the  PF-anti-Dsg3(-)
and PV  groups.

PF-anti-Dsg3+  PF-anti-Dsg3(-)  PV  p
n =  16  n  =  42  n  =  22

Gender Male  11  26  10 0.296
Female 5  16  12

Age (years)  Median  (minimum---maximum)  40.5  (12---74)a 32  (12---71)b 50  (13---72)c  a·b0.5361;
a·c>0.9999;
b·c0.0522

Clinical form Localized  3  24  NA  0.002
Generalized  13  11
U 0  7

Treatment Treatment-naïve 2  42  22  NA
No treatment  >60  days  1
Undergoing  treatment  12
U 1

Anti-Dsg1  (UR/L)# Median  (25%---75%  quartiles)  189.0
(135.1---254.5)a

166.9
(121.7---203.7)b

40.94
(3.3---99.4)c

a·b0.4515;
a·c<0.0001;
b·c<0.0001

Anti-Dsg3 (UR/L)# Median  (25%---75%  quartiles) 33.1
(23.2---63.0)a

0.688
(0.3---1.6)b

128.6
(56.6---168.6)c

a·b0.0002;
a·c<0.0001;
b·c<0.0001
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#Series: n = 16, n = 39 and n = 21, respectively; cut-off level for po
U, Unavailable; NA, Not Applicable.

ssembled  in  a  sandwich  with  a  0.45  �m  nitrocellulose
embrane  (BioRad)  for  protein  transfer.  After  blocking
ith  3%  skimmed  milk  in  TBS,  and  consecutive  washings,

he  serum  samples  (1:20)  were  incubated  on  nitrocellu-
ose  strips,  followed  by  incubation  with  anti-human  HRP
gG  secondary  antibody  (BioRad).  After  washing,  color
eagent  (Color-Plus  HRP,  BioRad)  was  added  for  colorimetric
evelopment.

xpression  of  Dsgs1  and  3  in  paraffin-embedded
amples with  IHC

or  IHC  assays,  the  manufacturers  recommendations  were
ollowed  (HRP-Polymer  MACH1,  Biocare  Medical,  Concord,
A,  USA).  Briefly,  5�m  sections  were  obtained  and  after  anti-
en  retrieval  in  citrate,  inhibition  of  endogenous  peroxidase
nd  use  of  a  blocking  solution,  were  incubated  with  anti-
sg1  and  3  monoclonal  antibodies  produced  in  mice  (Abcam,
A,  USA).  After  washing  and  incubation  with  Probe  and  HRP
olymer,  the  reaction  was  terminated  with  diaminobenzi-
ine  (DAB).

tatistical  analysis

he  GraphPad  Prism  9.2.0  software  was  used  for  statistical
nalysis  and  the  generation  of  graphs.  Frequencies  between

he  groups  were  analyzed  using  Fisher  or  Chi-Square  tests,
nd  numerical  data  were  analyzed  using  Kruskal-Wallis  tests
ollowed  by  Dunn’s  multiple  comparisons.  The  result  was
onsidered  significant  when  p≤0.05.
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68
y ≥ 20 U/mL.

esults

emographic  and  clinical  data  (Table  1)

here  was  no  statistical  difference  regarding  gender  in  the
hree  groups.  As  for  age  groups,  the  PF-anti-Dsg3(-)  group
as  younger  than  the  PV  group  (p  =  0.0522).  There  was
o  statistical  difference  when  comparing  the  PF-anti-Dsg3+
ith  the  PF-anti-Dsg3(-)  and  the  PV  group  (p  =  0.5361  and

 >  0.9999,  respectively).  The  generalized  form  predomi-
ated  in  the  PF-anti-Dsg3+  group,  when  compared  to  the
F-anti-Dsg3(-)  group  (p  =  0.002).

erological  data

egarding  anti-Dsg3  antibodies,  the  PF-anti-Dsg3+  group  had
ower  titers  than  the  PV  group  (p  <  0.0001;  Table  1).  The
istribution  of  anti-Dsg3  titers  in  the  PF-anti-Dsg3+  group  is
epicted  in  Fig.  1A.  Fig.  1B  shows  slight  variation  over  time
n  anti-Dsg3  titers  in  six  patients.

In  the  IB  performed  with  sera  from  12  patients,  three
ecognized  Dsg1,  and  one  recognized  Dsg3  (Fig.  2).  PF10,
hich  recognized  Dsg3  in  the  IB,  showed  the  2nd  highest
nti-Dsg3  titer  in  the  ELISA  (Fig.  1A).

xpression  of  Dsgs  1  and  3  with  IHC  (Fig.  3)

HC  showed  internalization  of  Dsg1,  with  coarse  clumps

nside  the  cytoplasm,  sometimes  perinuclear,  in  skin  samples
rom  patients  in  the  PF-anti-Dsg3(-)  (Fig.  3A)  and  PF-anti-
sg3+  (Fig.  3B).  Dsg3  expression  occurred  in  the  keratinocyte
nvelope  and  intracytoplasmically,  with  emphasis  on  its

2
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Figure  1  Anti-Dsg1  and  anti-Dsg3  titration  by  ELISA  in  the  PF-anti-Dsg3+  group.  Values  ≥  20  U/mL,  between  9---20  U/mL  and
< 9  U/mL  were  considered  positive,  indeterminate  and  negative,  respectively  (MBL,  Jp).  (A)  Serum  titration  of  the  16  patients  in
the first  appointment.  Patients  PF5  and  PF14:  serum  was  collected  while  treatment-naïve;  PF6,  without  treatment  for  more  than
60 days;  PF3,  treatment  not  included;  the  others  were  undergoing  treatment.  Patients  PF4,  PF5  and  PF7:  localized  clinical  form,
the others,  generalized  form.  The  +  and  ++  symbols  above  the  bars  indicate  serum  positivity  in  the  IB  (Fig.  2).  (B)  Serial  titration
of six  patients.  The  line  above  the  graph  shows  the  number  of  patients.  Each  symbol  corresponds  to  a  serum  sample  collected  on
consecutive dates;  the  vertical  lines  show  the  variation  in  titles  (minimum  and  maximum);  and  the  horizontal  line,  the  median.
Observe the  slight  variation  in  anti-Dsg3  titers.

Figure  2  Immunoblotting  with  serum  samples  from  12  patients  in  the  PF-anti-Dsg3+  group  (some  with  consecutive  samples)
and protein  extract  from  human  epidermis.  Positive  controls  correspond  to  samples  of  pemphigus  foliaceus  (PF),  which  recognize
D sg1  
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sg1 (160  kDa),  and  pemphigus  vulgaris  (PV),  which  recognizes  D
ealthy individuals.  Observe  the  nitrocellulose  strips  with  the  1
he 130  kDa  band  (**)  corresponding  to  PF10.  For  ELISA  titers  of

xpression  throughout  the  epidermis.  No  internalization  of
sg3  was  observed.

LA-DRB1  alleles  associated  with  PF  and  PV  in  the
F-anti-Dsg3+ and  PF-anti-Dsg3  (-)  groups;  Table  2)

ive  (31.3%)  of  16  patients  in  the  PF-anti-Dsg3+  group,  and
6  (38.1%)  of  42  in  the  PF-anti-Dsg3(-)  group  were  typed.
n  the  PF-anti-Dsg3+  group,  five  patients  showed  one  or  two
usceptibility  alleles  for  PF,  and  none  of  them  had  alleles
ssociated  with  PV.  In  the  PF-anti-Dsg3(-)  group,  11  had  alle-
es  of  susceptibility  to  PF,  and  two  patients  had  alleles  of
usceptibility  to  PV  in  heterozygous  form.
iscussion

he  production  of  serum  autoantibodies  against  Dsg3  is
ot  expected  in  PF,  since,  in  its  pathogenesis,  only  anti-

o
a
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and  3  (130  kDa).  Negative  controls  correspond  to  samples  from
a  band  (*)  corresponding  to  patients  PF2,  PF12  and  PF16,  and

-Dsg1  and  anti-Dsg  3  seeFig.  1A.

sg1  antibodies  are  implicated  in  subgranular  acantholysis,
ith  consequent  formation  of  flaccid  bullae  on  the  skin.
he  PF  phenotype  does  not  include  the  mucosal  lesions
bserved  in  PV  due  to  antibodies  against  Dsg3.1---5 However,
utoantibodies  against  Dsg3  have  been  rarely  reported  in
F  cases.19---21 More  recently,  anti-Dsg3  antibodies  have  been
eported  in  other  forms  of  pemphigus.22,23 Arteaga  et  al.
2002)  described  anti-Dsg3  in  7%  of  276  patients  with  PF,
emonstrating  that  anti-Dsg3  antibodies  did  not  show  a
erological  cross-reaction  with  Dsg1.19 Flores  et  al.  (2012)
eported  anti-Dsg3  in  40%  of  101  FS  sera,  and  in  14%  of
ontrols  from  an  endemic  region  for  FS  in  Brazil.20 Oliveira
t  al.  (2016)  reported  anti-Dsg3  in  4%  of  the  patients  in  a
F  series  (including  patients  from  the  northeastern  region  of
he  state  of  São  Paulo).21 The  present  series  confirmed  6.64%

f  patients  with  PF  with  indeterminate  or  positive  results  for
nti-Dsg3  in  the  ELISA  test.

When  comparing  the  three  groups,  the  age  range  of  the
F-anti-Dsg3+  group  tended  to  be  older,  comparable  to  that

3
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Figure  3  IHC  images  with  Dsg1  and  Dsg3  expression  stained  with  DAB  in  paraffin  sections  from  bullous  lesion  biopsies  showing
s sg3(
a  pati
a

o
D
i
D

uperficial acantholysis.  (A)  Control  sample  from  the  PF-anti-D
nd Dsg3  expression  throughout  the  epidermis.  (B)  Sample  from
re similar  to  those  of  the  PF  control.
f  the  PV  group  (p>0.999),  and  similar  to  that  of  the  PF-anti-
sg3(-)  group.  The  generalized  clinical  form  predominated

n  the  PF-anti-Dsg3+  group  (p=0.0020).  Regarding  the  anti-
sg3  titers  of  the  PF-anti-Dsg3+  group,  they  were  lower
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-)  group.  Observe  Dsg1  expression  in  intracytoplasmic  clumps,
ent  PF8  in  the  anti-Dsg3+  group.  The  Dsg1  and  Dsg3  expressions
hen  compared  to  those  of  the  PV  group  (p<0.0001).  The
easurement  of  anti-Dsg3  in  the  PV  group  was  carried  out  in

reatment-naïve  patients,  while  in  the  PF-anti-Dsg3+  group,
hree  (20%)  of  the  15  patients  (with  information  on  treat-
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Table  2  Distribution  of  HLA-DRB1  alleles  associated  with
pemphigus  foliaceus  (PF)  and  pemphigus  vulgaris  (PV)  in  the
groups  PF-anti-Dsg3+  and  PF-antiDsg3(-).

#Patients with higher anti-Dsg3 titers (Fig. 1A). In orange and
yellow: susceptibility alleles to PF in the northeastern region of
the state of São Paulo and in other regions of Brazil, respectively.
In dark green: PF resistance allele described in other regions of
Brazil. In red and light green: susceptibility and resistance alleles
to PV, respectively, in the northeastern region of the state of São
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Authors’ contributions
Paulo. PF and PV association alleles were collected from Franco
Brochado et al., 201636 and Franco Brochado et al., 2016.37

ent)  were  not  receiving  treatment  (PF5,  PF6  and  PF14).
nti-Dsg3  titers  in  the  PF-anti-Dsg3+  group  showed  no  dif-
erence  between  treated  and  untreated  patients  (Fig.  1A).
wo  patients  stand  out,  in  the  sample  of  16,  with  higher
nti-Dsg3  titers,  whose  blood  was  collected  while  undergo-
ng  treatment.  Patient  PF2,  a  63-year-old  male,  presented
he  generalized  form,  with  14  years  evolution,  and  had  ker-
toacanthoma  and  melanoma  during  the  follow-up.  Another
atient  PF10,  46  years-old  male,  had  the  generalized  form,
nd  a  two-year  history.  There  were  coinciding  factors  in  both
ases,  in  addition  to  higher  anti-Dsg3  titers,  male  gender,
aving  had  the  onset  of  PF  at  an  older  age,  and  the  gener-
lized  form  of  the  disease.  IB  confirmed  the  production  of
nti-Dsg3  only  in  PF10  (Fig.  2).

The  internalization  of  Dsgs,  in  the  process  of  acantholy-
is,  is  observed  on  IHC  by  the  formation  of  intracytoplasmic
nd  perinuclear  granules  in  keratinocytes,  when  anti-Dsg1

24
nd  3  antibodies  are  used  in  PF  and  PV,  respectively. The
nternalization  of  Dsg1  was  observed  in  samples  from  the  PF-
nti-Dsg3(-)  and  PF-anti-Dsg3+  groups;  however,  there  was
o  internalization  of  Dsg3.  The  low  anti-Dsg3  titers  in  the

S
i

68
gia  2024;99(5):680---687

F-anti-Dsg3+  group  could  justify  the  lack  of  Dsg3  inter-
alization,  as  well  as  the  absence  of  mucosal  lesions.  In
xclusively  cutaneous  PV,  low  anti-Dsg3  titers  could  explain
he  absence  of  mucosal  lesions.25

Although  HLA-DRB1  alleles  were  not  typed  in  the  whole
roup  of  PF-anti-Dsg3+,  exclusive  alleles  of  susceptibility  to
F  were  determined  in  the  five  individuals  that  were  typed,
n  homozygous  or  heterozygous  forms,  without  the  pres-
nce  of  alleles  associated  with  PV.  Recently,  Sielski  et  al.
2022)  demonstrated  that  cases  of  PV  that  contradicted
he  hypothesis  of  Dsgs  compensation  were  related  to  the
bsence  of  DRB1  alleles  of  susceptibility  to  PV.26 Therefore,
he  absence  of  susceptibility  alleles  to  PV  in  the  PF-anti-
sg3+  group  could  contribute  to  the  non-pathogenicity  of
ntibodies  against  Dsg3.

The  production  of  anti-Dsg3  in  PF  could  be  justified  by
he  phenomenon  of  epitope  spreading  ---  patients  with  a
pecific  bullous  disease  have  non-pathogenic  autoantibodies
gainst  other  molecules  of  the  epidermis  that  do  not  cause
he  specific  bullous  disease.  Its  pathogenesis  is  explained
y  the  exposure  of  other  epidermal  molecules  during  the
nflammation  process  caused  by  acantholysis,  in  the  case
f  pemphigus.27---30 In  this  study,  IHC  showed  the  expres-
ion  of  Dsg3  in  all  layers  of  the  epidermis.  Thus,  it  could
ustify  the  greater  exposure  of  Dsg3,  with  consequent  pro-
uction  of  anti-Dsg3.  However,  this  expression  in  all  layers
f  the  epidermis  was  observed  in  samples  from  both  groups

-- PF-anti-Dsg3(-)  and  PF-anti-Dsg3+.  As  the  PF-anti-Dsg3(-)
roup  consisted  of  treatment-naïve  patients,  it  is  not  known
hether  anti-Dsg3  would  be  produced  during  pemphigus
volution.

Moreover,  there  are  rare  reports  of  patients  with
linically  and  laboratory-proven  PF  who  migrate  to  the
V  phenotype,  or  of  patients  with  both  PF  and  PV
haracteristics.31---34 However,  PV  migrating  to  PF  is  more
ommonly  observed.35 The  present  case  series  does  not  show
imilar  cases.

onclusions

he  presence  of  anti-Dsg3  antibodies  in  PF  was  related  to
n  older  age  group  (comparable  to  that  of  PV)  and  the
eneralized  form  of  PF.  The  non-pathogenicity  of  anti-Dsg3
ntibodies  in  PF  can  be  attributed  to  low  anti-Dsg3  titers,  the
ack  of  Dsg3  internalization  as  seen  on  IHC,  and  the  absence
f  PV-associated  HLA-DRB1  alleles.
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2. Galvañ-Pérez Del Pulgar JI, Tercedor-Sánchez J, Jiménez-
Gallo D, Linares-Barrios M. Pemphigus herpetiformis with
autoantibodies to desmoglein 1 and 3. Actas Dermosifiliogr.
2016;107:785---6.

3. Hegazy S, Bouchouicha S, Khaled A, Laadher L, Sellami MK,
Zeglaoui F. IgA pemphigus showing IgA antibodies to desmoglein
1 and 3. Dermatol Pract Concept. 2016;6:31---3.

4. Miguel MCB, Julio TA, Vernal S, de Paula NA, Lieber A, Roselino
AM. Autoantibodies against desmoglein 2 are not pathogenic in
pemphigus. An Bras Dermatol. 2022;97:145---6.

5. Saleh MA, Hashimoto R, Kase Y, Amagai M, Yamagami J. Low
pathogenicity of anti-desmoglein 3 immunoglobulin G autoan-
tibodies contributes to the atypical clinical phenotypes in
pemphigus. J Dermatol. 2015;42:685---9.

6. Sielski L, Baker J, DePasquale MC, Attwood K, Seiffert-Sinha K,
Sinha AA. Desmoglein compensation hypothesis fidelity assess-
ment in pemphigus. Front Immunol. 2022;13:969278.

7. Salato VK, Hacker-Foegen MK, Lazarova Z, Fairley JA,
Lin MS. Role of intramolecular epitope spreading in
pemphigus vulgaris. Clin Immunol. 2005;116:54---64,
http://dx.doi.org/10.1016/j.clim.2005.03.005.

8. Tchernev G, Orfanos CE. Antigen mimicry, epitope spread-
ing and the pathogenesis of pemphigus. Tissue Antigens.
2006;68:280---6.

9. Didona D, Di Zenzo G. Humoral epitope spreading in autoim-
mune bullous diseases. Front Immunol. 2018;9:779.
0. Peng B, Temple BR, Yang J, Geng S, Culton DA, Qian Y. Identi-
fication of a primary antigenic target of epitope spreading in
endemic pemphigus foliaceus. J Autoimmun. 2021;116:102561.

6

http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0010
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0015
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0020
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0025
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0030
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0035
dx.doi.org/10.1111/j.1600-0625.2006.00499_1.x
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0045
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0050
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0055
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0060
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0065
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0070
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0075
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0080
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0085
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0090
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0095
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0100
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0105
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0110
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0115
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0120
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0125
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0130
dx.doi.org/10.1016/j.clim.2005.03.005
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0140
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0145
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0150


atolo

3

3

3

3

3

3

2016;72:19---24.
Anais  Brasileiros  de  Derm

1. Ishii K, Amagai M, Ohata Y, Shimizu H, Hashimoto T, Ohya K,
et al. Development of pemphigus vulgaris in a patient with
pemphigus foliaceus: antidesmoglein antibody profile shift con-
firmed by enzyme-linked immunosorbent assay. J Am Acad
Dermatol. 2000;42:859---61.

2. Komai A, Amagai M, Ishii K, Nishikawa T, Chorzelski T, Matsuo I,
et al. The clinical transition between pemphigus foliaceus and
pemphigus vulgaris correlates well with the changes in autoan-
tibody profile assessed by an enzyme-linked immunosorbent
assay. Br J Dermatol. 2001;144:1177---82.

3. Mandel VD, Farnetani F, Vaschieri C, Manfredini M, Cesinaro
AM, Giusti F, et al. Pemphigus with features of both vul-

garis and foliaceus variants localized to the nose. J Dermatol.
2016;43:940---3.

4. Pigozzi B, Peserico A, Schiesari L, Alaibac M. Pemphigus foli-
aceus evolving into pemphigus vulgaris: a probable example of

3

68
gia  2024;99(5):680---687

‘intermolecular epitope spreading’ confirmed by enzyme-linked
immunosorbent assay study. J Eur Acad Dermatol Venereol.
2008;22:242---4.

5. Kucukoglu R, Atci T, Sun GP. Is transition between subtypes
of pemphigus possible? A series of pemphigus vulgaris patients
showing the transition to pemphigus foliaceus. An Bras Derma-
tol. 2023;98:787---92.

6. Brochado MJ, Nascimento DF, Campos W, Deghaide NH, Donadi
EA, Roselino AM. Differential HLA class I and class II associa-
tions in pemphigus foliaceus and pemphigus vulgaris patients
from a prevalent Southeastern Brazilian region. J Autoimmun.
7. Franco Brochado MJ, Nascimento DF, Saloum Deghaide NH,
Donadi EA, Roselino AM. Data on HLA class I/II profile in Brazilian
pemphigus patients. Data Brief. 2016;8:364---74.

7

http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0155
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0160
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0165
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0170
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0175
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0180
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185
http://refhub.elsevier.com/S0365-0596(24)00105-3/sbref0185

	Factors associated with non-pathogenic antibodies against desmoglein-3 in pemphigus foliaceus
	Introduction
	Methods
	Case series
	ELISA for the detection of IgG antibodies against Dsg1 and 3
	IB with human epidermis extract and patient serum
	Expression of Dsgs1 and 3 in paraffin-embedded samples with IHC
	Statistical analysis

	Results
	Demographic and clinical data (Table 1)
	Serological data
	Expression of Dsgs 1 and 3 with IHC (Fig. 3)
	HLA-DRB1 alleles associated with PF and PV in the PF-anti-Dsg3+ and PF-anti-Dsg3 (-) groups; Table 2)

	Discussion
	Conclusions
	Financial support
	Authors contributions
	Conflicts of interest
	Acknowledgments
	References


