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Abstract
Background:  Only  a  fraction  of  patients  with  cutaneous  lupus  erythematosus  (CLE)  will  even-
tually progress  toward  systemic  disease  (SLE).
Objective:  To  find  inflammatory  biomarkers  which  could  predict  the  progression  of  cutaneous
lupus erythematosus  (CLE)  into  systemic  lupus  erythematosus  (SLE)  using  immunohistochemical
(IHC) assays.
Methods:  Immunohistochemical  markers  for  cytotoxic,  inflammatory,  and  anti-inflammatory
responses and  morphometric  methods  were  applied  to  routine  paraffin  sections  of  skin  biopsies,
taken from  lesions  of  59  patients  with  discoid  lupus,  subacute  lupus,  and  lupus  tumidus.  For
the diagnosis  of  SLE,  patients  were  classified  by  both  the  American  College  of  Rheumatology
(ACR-82) and  the  Systemic  Lupus  International  Collaborating  Clinics  (SLICC-12)  systems.
Results:  Skin  samples  from  CLE/SLE  +  patients  presented  higher  expression  of  IL-1�  (ARC-82:
p =  0.024;  SLICC-12:  p  =  0.0143)  and  a  significantly  higher  number  of  cells  marked  with  granzyme
B and  perforin  (ARC:  p  =  0.0097;  SLICC-12:  p  =  0.0148).  Biopsies  from  CLE/SLE-  individuals  had

higher expression  of  IL-17  (ARC-82:  p  =  0.0003;  SLICC-12:  p  =  0.0351)  and  presented  a  positive
correlation  between  the  density  of  granzyme  A  +  and  FoxP3+  cells  (ARC-82:  p  =  0.0257;  SLICC-
12: p  =  0.0285)  and  CD8+  cells  (ARC-82:  p  =  0.0075;  SLICC-12:  p  =  0.0102),  as  well  as  between
granulysin-positive  and  CD8+  cells  (ARC-82:  p  =  0.0024;  SLICC-12:  p  =  0.0116).

� Study conducted at the Faculty of Medical Sciences, Universidade Estadual de Campinas, Campinas, SP, Brazil.
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Study  limitations:  Patients  were  evaluated  at  a  specific  point  in  their  evolution  and  according
to the  presence  or  not  of  systemic  disease.  The  authors  cannot  predict  how  many  more,  from
each group,  would  have  evolved  towards  SLE  in  the  following  years.
Conclusions:  In  this  cohort,  immunohistochemical  findings  suggested  that  patients  with  a  ten-
dency to  systemic  disease  will  show  strong  reactivity  for  IL-1�, while  those  with  purely
cutaneous involvement  will  tend  to  express  IL-17  more  intensely.
© 2023  Published  by  Elsevier  España,  S.L.U.  on  behalf  of  Sociedade  Brasileira  de  Dermatologia.
This is  an  open  access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/
by/4.0/).
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mong  the  criteria  listed  by  both  the  American  College
f  Rheumatology  (ACR-82)  and  the  Systemic  Lupus  Inter-
ational  Collaborating  Clinics  (SLICC-12)  for  the  diagnosis
f  Systemic  lupus  erythematosus  (SLE),  four  are  related  to
hanges  in  the  skin  and  mucous  membranes.1,2 Cutaneous
upus  erythematosus  (CLE)  is  one  of  the  most  conspicu-
us  findings,  but  only  a  fraction  of  patients  with  CLE  will
ventually  develop  SLE:  among  patients  with  discoid  lupus
rythematosus  (DLE),  the  most  common  subtype  of  CLE,  the
requency  of  progression  to  SLE  ranges  from  0%  to  28%.3

haracteristics  that  lead  the  physician  to  suspect  that  this
ay  happen  include  the  number  and  severity  of  skin  lesions,

he  titer  of  antinuclear  antibodies,  and  the  presence  of  sys-
emic  symptoms  at  baseline.4 The  possibility  of  progression
o  SLE  causes  anxiety  in  patients  with  cutaneous  lupus.  It  is
mportant,  then,  to  try  to  determine  which  patients  are  at
igher  risk  of  progression  to  systemic  disease.

Previous  research  has  shown  the  importance  of  pro-
nflammatory  and  cytotoxic  pathways  in  lupus  erythemato-
us  genesis,  usually  comparing  CLE  subtypes.  Neverthe-
ess,  few  studies  have  focused  on  differences  between
LE/SLE  +  e  and  CLE/SLE-  patients.  Our  objective  was  to
nd  inflammatory  biomarkers  which  could  predict  the  CLE
rogression  into  SLE.  For  this  purpose,  the  authors  used
mmunohistochemical  (IHC)  assays  in  CLE  skin  biopsies  (Sup-
lementary  Table  1).

ethods

kin  biopsies  from  59  patients  with  CLE  seen  at  the
ermatology  Outpatient  Center  between  1995  and  2012
ere  included  if:  1)  Complete  medical  records  were
vailable,  2)  The  diagnosis  was  confirmed  by  clinical
nd  histological  examination,  including  direct  immunoflu-
rescence,  when  indicated,  and  3)  Enough  remaining
araffin-embedded  tissue  was  found  for  new  sections.
hese  were  treated  by  conventional  immunohistochemistry
ethods,  using  Polymers  (Kit  Novolink,  Novocastra  Lab-

ratories,  Newcastle-upon-Tyne,  United  Kingdom)  or  the
treptavidin-biotin-horseradish  peroxidase  method  (LSAB-
RP,  code  0609,  Dako  Cytomation,  Glostrup,  Denmark).  The

ymph  node,  appendix  and  tonsil  sections  were  used  as  con-

rols.  Primary  antibodies,  recovery  method  and  detection
ystem  employed  are  detailed  in  Supplementary  Table  2.

Biomarkers  were  used  to  assess  cytotoxic,  inflammatory
nd  anti-inflammatory  responses.  For  the  analysis  of  ICAM-1,
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D4,  CD8,  CD25,  CD56,  Granzyme  A,  Granzyme  B,  Gran-
lysin,  Perforin  and  FOXP3,  three  (×400)  fields  with  the
ighest  density  of  inflammatory  cells  and  no  artifacts  were
hosen.  Their  digital  images  were  acquired  and  analyzed
ith  the  aid  of  the  Image  J  software  (Java-based  image
rocessing  program,  Wayne  Rasband,  NIH,  Bethesda,  USA,
vailable  at  http://rsb.info.nih.gov/ij).  Both  the  immunos-
ained  cells  and  the  others,  present  in  the  same  field,  were
ounted.  The  expression  of  each  marker  was  then  defined  as
he  ratio  between  the  number  of  immunostained  cells  and
he  total  number  of  cells  counted.  For  the  IL-6,  IL-1�, IL-
7,  IL-18  and  IL-10  markers,  the  authors  used  the  analysis
ethod  described  by  Popovic  et  al.5

The  median  age  of  the  59  patients  was  39  years;  55  were
emale  (93.2%);  21  had  discoid  lupus  (DLE),  21  had  lupus
umidus  (LT)  and  17  had  subacute  lupus  (SAL).  Nineteen
ercent  of  patients  with  DLE  and  LT  had  clinical  features
f  systemic  involvement,  as  classified  by  both  ARC-82  and
LICC-12  criteria.  Regarding  patients  with  SAL,  47%  were
abeled  as  systemic  according  to  the  SLICC-12  classifica-
ion;  in  contrast,  70.5%  of  the  same  patients  were  classified
s  having  systemic  involvement  by  the  ARC-82  guidelines
Table  1).  This  difference  occurred  because  SLICC-12  does
ot  include  photosensitivity  as  a  criterion,  while  ARC-82
oes  not  consider  synovitis  and  positive  Coombs  test  criteria.

For  statistical  analysis,  the  authors  used  SAS  9.0®

oftware.  Exploratory  data  analysis  was  performed  by
ummary  measures  (mean,  standard  deviation,  minimum,
edian,  maximum,  frequency,  and  percentage).  The  groups

SLE  +  and  SLE-  patients)  were  compared  by  Fisher’s  exact
est,  Chi-Square  or  Mann-Whitney.  The  correlation  between
umerical  variables  was  assessed  using  Spearman’s  coeffi-
ient.  The  adopted  level  of  significance  was  5%.

The  study  was  approved  by  the  institution’s  ethics  com-
ittee  (#  1214/2010),  in  which  all  the  Declaration  of
elsinki  principles  were  observed.

esults

n  all  samples,  the  cells  were  immunostained  by  all  anti-
odies  (Supplementary  Table  1),  but  for  some  markers,
here  were  statistically  significant  differences  between
LE/SLE  +  and  CLE/SLE-  groups,  as  detailed  in  Table  2.

In  CLE/SLE  +  patients,  as  classified  by  both  systems,

here  was  greater  expression  of  IL-1� (Fig.  1  A  and
;  ARC-82:  p  =  0.024;  SLICC-12:  p  =  0.0143),  compared  to
LE/SLE-  patients.  Regarding  cytotoxic  T  response  mark-
rs,  CLE/SLE  +  patients  had  a  significantly  higher  number  of
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Table  1  Demographic  and  clinical  data  of  patients,  according  to  CLE  subtypes  and  the  presence  of  SLE.

CLE  subtype  ARC-82  SLICC-12

SLE+  SLE-  SLE+  SLE-
n (%) n  (%) n  (%)  n  (%)

DLE  (n  =  21)  4  (19)  17  (80.9)  4  (19)  17  (80.9)
Mean age,  years  31  45  31  45
Sex, Female  (%)  100  82.3  100  82.3
Positive ANA  (%)  25  0  25  0
Anti-DNA (%)  75  0  75  0
Positive anti-SM  (%) 25  0  25  0
SAL (n  =  17) 12  (70.5) 5  (29.4) 8  (47.05) 9  (52.9)
Mean age,  years 40  40  39  41
Sex, Female  (%) 75  100  75  89
Positive ANA  (%)  100  60  100  78
Positive anti-DNA  (%)  42  0  51  0
Positive anti-SM  (%)  17  0  25  0
LT (n  =  21)  4  (19.04)  17  (80.9)  4  (19.04)  17  (80.9)
Mean age,  years  40  35  39  35
Sex, Female  (%)  100  94  100  94
Positive ANA  (%)  100  30  100  30
Positive anti-DNA  (%)  25  0  25  0
Positive anti-SM  (%)  0  0  0  0

CLE, Cutaneous Lupus Erythematosus; DLE, Discoid CLE; SAL, Subacute CLE; LT, CLE Tumidus; ARC, American Rheumatology College;
SLICC, Systemic Lupus International Collaborating Clinics; SLE, Systemic Lupus Erythematosus.

Figure  1  Immunohistochemical  findings:  (A---B)  IL-1�. (C---D)  IL-17.  A---C,  SLE  patients;  B---D,  patients  with  purely  cutaneous  lupus
erythematosus  lesions  (Original  magnification:  A  =  ×100;  B---D  =  ×400).
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Table  2  Immunohistochemical  differences  between  CLE/SLE  +  and  CLE/SLE-  patients,  according  to  ARC-82  and  SCLICC
classifications.

ARC-82

CLE/SLE+
(n  =  20)

CLE/SLE-
(n  =  39)

p-value

IL-1�  (epidermal  cells),  n  (%)  0.024
1 (mild)  2  (10)  5  (12.8)
2 (moderate)  2  (10)  16  (41)
3 (intense)  16  (80)  18  (46.2)
IL-1� (interstitial) <0.05
0  0  3
1 (mild) 3  10
2 (moderate)  16  23
3 (intense)  1  3
IL-17 (epidermal  cells)  <0.05
1 (mild)  0  5
2 (moderate)  5  8
3 (intense)  15  26
IL-17 (interstitial)  0.0003
1 (mild)  17  (85)  14  (35.9)
2 (moderate  to  intense)  3  (15)  25  (64.1)
% of  CD56  immunostained  cells  in  3
fields  (mean  ±  SD)

0.013
7.2  ±  3.1  5.6  ±  3.9

% of  ICAM  immunostained  cells  in  3
fields  (mean  ±  SD)

0.0095
47.5  ±  6.7  41.8  ±  7.7

SCLICC

CLE/SLE+
(n  =  16)

CLE/SLE-
(n  =  43)

p-value

Il-1� (epidermal  cells) 0.0143
1  (mild) 0  (0) 7  (16.3)
2 (moderate)  2  (12.5)  16  (37.2)
3 (intense)  14  (87.5)  20  (46.5)
IL-1� (interstitial)  <0.05
1 (mild)  2  (12.5)  14  (32.6)
2 (moderate)  13  (81.3)  26  (60.5)
3 (intense)  1  (6.3)  3  (7)
IL-17 (epidermal  cells)  <0.05
1 (mild)  0  0
2 (moderate)  14  (87.5)  33  (76.7)
3 (intense)  2  (12.5)  10  (23.3)
IL-17 (interstitial)  0.0351
1 (mild)  12  (75)  19  (44.2)
2 (moderate  to  intense)  4  (25)  24  (55.8)
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CLE, Cutaneous Lupus Erythematosus; DLE, Discoid CLE; SAL, Su
SLICC, Systemic Lupus International Collaborating Clinics; SLE, Sy

ells  marked  with  Granzyme  B  and  Perforin  (Table  3) than
LE/SLE-  patients  (ARC:  p  =  0.0097;  SLICC-12:  p  =  0.0148).

Patients  classified  by  both  systems  as  CLE/SLE-  had  higher
xpression  of  IL-17  (Fig.  1  C  and  D;  ARC-82:  p  =  0.0003;
LICC-12:  p  =  0.0351).  In  addition,  there  was  a  positive  corre-
ation  between  the  density  of  Granzyme  A  +  cells,  both  with
hat  of  FoxP3+  (ARC-82:  p  =  0.0257;  SLICC-12:  p  =  0.0285)

nd  CD8+  cells  (ARC-82:  p  =  0.0075;  SLICC-12:  p  =  0.0102),  as
ell  as  between  Granulysin-positive  and  CD8+  cells  (ARC-82:

 =  0.0024;  SLICC-12:  p  =  0.0116).  There  was  also  a nega-
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te CLE; LT, CLE tumidus; ARC, American Rheumatology College;
c Lupus Erythematosus.

ive  correlation  between  the  density  of  Granulysin-positive
ells  and  the  following  SLE  criteria  (SLICC-12):  synovitis
p  =  0.0466),  hypocomplementemia  (p  =  0.0408)  and  anti-SM
ntibody  (p  =  0.0252).

iscussion
acrophages,  among  other  cells,  secrete  IL-1� through
ifferent  stimuli,  especially  IFN-�. The  importance  of  a
ro-inflammatory  response  stimulated  by  IFN  type  I,  par-
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Table  3  Immunohistochemical  differences  in  Spearman  correlation  between  CLE/SLE  +  and  CLE/SLE-  patients,  according  to
ARC-82 and  SCLICC  classifications.

CLE/SLE+

Variable  P  (ARC-82),  n  =  20  P  (SLICC-12),  n  =  16

Spearman  correlation
Perforin  and  granzyme  B  correlation  0.0097  0.0148

CLE/SLE-

Variable  P  (ARC-82),  n  =  39  P  (SLICC-12),  n  =  43

Spearman  correlation
FoxP3  and  granzyme  A  correlation  0.0257  0.0285
CD8 and  granzyme  A  correlation  0.0075  0.0102
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CD8 and  granulysin  correlation  0.002

icularly  IFN-�, in  SLE  +  patients,  is  supported  by  clinical
arameters,  such  as  systemic  symptoms  (such  as  fever  and
atigue),  skin  biopsies  and  autopsy  findings.6---9 Wenzel  et  al.
howed  that  patients  with  disseminated  discoid  lesions  or
AL  had  increased  serum  levels  of  IFN  type  I,  which  may
ndicate  an  increased  risk  of  developing  systemic  disease.10

n  the  skin,  IFN  can  stimulate  the  synthesis  and  overex-
ression  of  cytokine  receptors  that  promote  the  inflow  of
mmune  cells  and  the  development  of  lesions.11 In  our  sam-
le,  this  pro-inflammatory  response  in  CLE/SLE  +  individuals
as  identified  by  the  expression  of  IL-1� in  skin  biopsies.
hou  et  al.  found  increased  serum  levels  of  IL-1� in  patients
ith  SLE  evaluated  by  cytometric  bead  array,12 showing  dys-

egulated  T-cell  activity.
In  contrast,  in  CLE/SLE-  patients,  the  inflammatory

esponse  marker  was  IL-17.  Studies  examining  the  role  of
L-17  in  lupus  erythematosus,  to  investigate  the  efficacy
f  anti-IL-17  immunobiological  medications,  reported  an
ncrease  in  IL-17  expression  in  SAL  and  DLE  lesions  and
n  unaffected  skin  of  SLE  +  patients,  compared  to  healthy
ontrols.8,13 In  our  sample,  IL-17  expression  was  significan-
ly  higher  in  CLE/SLE-  patients,  suggesting  that  anti-IL-17
rugs  could  be  effective  for  CLE  lesions.

In  CLE/SLE  +  patients  with  any  CLE  subtype,  the  authors
dentified  a  cytotoxic  T  response  by  increased  expression  of
ranzyme  B  and  Perforin  granules,  necessary  for  penetration

nto  target  cells.  Granzyme  B  is  strongly  expressed  in  heal-
ng  CLE  lesions  and  significantly  increased  when  compared  to
AL  and  healthy  controls.14 Grassi  et  al.  demonstrated  that
he  expression  of  Granzyme  B  +  cells  was  more  frequent  in
kin  biopsies  from  SLE  +  patients,  compared  to  patients  with
urely  CLE,  suggesting  that  Granzyme  B  is  a  key  cytotoxicity
arker  in  SLE  +  individuals.15 Its  role  in  the  genesis  of  multi-
le  SLE  manifestations  is  also  supported  by  the  higher  levels
f  soluble  serum  Granzyme  B  in  SLE  +  patients.16

In  CLE/SLE-  patients,  the  positive  correlation  between
D8+,  Granzyme  A+,  and  Granulysin  +  cell  density  highlights
he  importance  of  cytotoxicity  in  the  pathogenesis  of  skin
esions.  Previous  studies  have  shown  a  predominance  of
D8+  cells  in  the  lesions  of  patients  with  DLE,  while  in  other

kin  subtypes  more  frequently  associated  with  systemic  dis-
ase,  such  as  SAL,  there  is  a  predominance  of  CD4+  cells.17,18

ther  studies  emphasized  only  the  role  of  Granzyme  B  in

B
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70
0.0116

LE  lesions,  without  considering  the  possible  association
ith  systemic  disease.14,18 Granzyme  A  associated  with  IL-
7  expression  was  previously  described  in  psoriatic  lesions,19

hich  may  indicate,  in  a  psoriatic  environment,  a  predom-
nant  role  in  the  maintenance  of  inflammation,  rather  than
ytotoxicity.

The  patients  in  our  sample  were  evaluated  at  a  spe-
ific  point  in  their  evolution  when  their  symptoms,  signs
nd  laboratory  results  could  classify  them  as  CLE/LES-  or
LE/LES  +  patients.  The  authors  cannot  predict  how  many
ore,  from  each  group,  would  have  evolved  toward  systemic
isease  in  the  next  five,  or  ten  years.  The  authors  believe
hat  the  probability  of  developing  systemic  lupus  is  greater
n  the  SAL  group,  and  the  authors  cannot  safely  exclude  the
ossibility  that  the  differences  found  may  only  reflect  those
etween  DLE/LT  and  SAL.  It  is  important  to  highlight  that
he  authors  did  not  perform  comparative  analysis  between
he  subgroups  of  CLE,  since  our  main  objective  was  to  eval-
ate  differences  between  CLE/SLE  +  and  CLE/SLE-  patients,
egardless  of  the  subtype  of  CLE.

onclusion

n  this  sample,  immunohistochemical  findings  suggest  that
atients  with  a  tendency  to  systemic  disease  will  show
trong  reactivity  to  IL-1�, while  those  with  purely  cutaneous
nvolvement  will  tend  to  express  IL-17  more  intensely.  The
ndings  can  help,  together  with  clinical  data,  to  identify  CLE
atients  more  likely  to  progress  to  systemic  disease.
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