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mmunohistochemical analysis
f MMP-1 and 2 in patients with

MMP-4  (or  MMP-17)  is  involved  in  different  pathological
processes  such  as  arthritis,  cardiovascular  disease,  and  can-
cer  progression.6
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ichen planopilaris and frontal
brosing alopecia�

ear  Editor,

ichen  planopilaris  (LPP)  and  frontal  fibrosing  alopecia  (FFA)
re  primary  lymphocytic  scarring  alopecias.  Clinically,  clas-
ic  LPP  shows  an  area  of  irregular  alopecia  that  is  more
ommon  in  the  vertex  region,  while  FFA  causes  hair  loss  that
ccurs  slowly  in  the  frontotemporal  implantation  hairline,
ommonly  associated  with  eyebrow  alopecia.1

According  to  Doche  et  al.,2 approximately  65%  of  the
calp  biopsy  specimens  from  ‘‘normal-appearing’’  areas  of
PP  and  FFA  showed  perifollicular  inflammation  around  the
sthmus/infundibulum  region.  These  findings  suggest  that
oth  diseases  may  be  more  generalized  processes  affecting
he  scalp.  The  lack  of  relationship  between  the  degree  of
istopathological  inflammation  and  clinical  signs  of  inflam-
ation  supports  the  idea  that  some  scalp  areas  could
ossibly  be  more  prone  to  develop  a  cicatricial  alopecia.

These  disorders  are  mediated  by  lymphocytes  and  result
n  disruption  of  the  basement  membrane  cells,  destruction
f  the  hair  follicle  and  replacement  by  fibrosis.  They  have  a
hronic  course,  unpredictable  development  and,  probably,
utoimmune  pathogenesis.  Drugs,  infections,  genetic  fac-
ors  and  immunological  abnormalities  are  possible  triggering
actors.3

Matrix  metalloproteinases  (MMPs)  are  involved  in  cell
roliferation  and  differentiation,  inflammation,  degenera-
ion,  tumor  metastasis,  and  growth.  The  production  and
ctivation  of  MMPs  is  rapidly  induced  when  active  tissue
emodeling  is  needed.  MMP-2,  the  most  widely  distributed
f  all  MMPs,  along  with  MMP-9,  is  said  to  digest  type  IV,  V  and
I  collagens;  laminin  and  aggrecan  core  protein,  and  singly

igests  collagens  I,  II  and  III.4

MMP-1  is  capable  of  degrading  type  I  and  III  fibrillar
ollagens.5

� Study conducted at the Clínica Renata Zac, Belo Horizonte, MG,
razil and Instituto de Assistência Médica do Servidor Público Estad-
al de São Paulo, São Paulo, SP, Brazil.
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ttps://doi.org/10.1016/j.abd.2026.501359
365-0596/© 2026 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
Our  objective  was  to  evaluate  the  presence  of  MMP-1
nd  MMP-2  in  LPP  and  FFA  and  to  assess  their  role  in  the
athogenesis  of  these  diseases.

The  patients  were  collected  from  Renata  Zac  Dermato-
ogical  Clinic,  Belo  Horizonte,  MG,  Brazil,  from  2019  to  2023.

A  university  ethical  committee  approval  was  obtained
rior  to  carrying  out  this  study.  Participants  taking  part  gave
ritten  informed  consent.

Inclusion  criteria  were  patients  with  clinically  and
istopathologically  proven  disease.  Patients  with  lesions  not
onfirmed  by  biopsy  or  on  treatment  at  the  time  of  biopsy
ere  excluded  from  this  study.

In  this  study,  60  patients  (48  females  and  12  males)  aged
rom  23  to  71  years  were  included.

To  be  included  in  the  classical  LPP  group,  the  patient
hould  have  an  irregular  involvement  of  the  scalp  in  the
orm  of  plaques  presenting  with  hyperkeratosis,  follicular
lugs  and  perifollicular  erythema  or  atrophic  scars,  mainly
n  the  apex  and  in  the  parietal  region.  Trichoscopy  could  evi-
ence  perifollicular  and  interfollicular  erythema  associated
ith  tubular  perifollicular  scales.  Complaints  of  pruritus  and
urning  sensation  were  common,  as  well  as  the  association
ith  the  skin,  nail  and  mucosal  LP  lesions.3

To  be  included  in  the  FFA  group,  the  participants  should
ulfill  the  diagnostic  criteria  for  FFA  proposed  by  Vañó-
alván  et  al.7 The  major  criteria  are  scarring  alopecia  of  the
calp  in  the  frontotemporal  region  (in  the  absence  of  ker-
totic  follicular  papules  on  the  body)  and  bilateral  diffuse
lopecia  of  the  eyebrows.  The  minor  criteria  include  tri-
hoscopy  with  peripilar  erythema,  peripilar  desquamation,
r  both;  histopathological  characteristics  of  scarring  alope-
ia  with  FFA  or  LPP  pattern;  involvement  of  occipital  region,
ace,  sideburns,  body  hair  and  presence  of  non-inflammatory
acial  papules.  The  diagnosis  requires  two  major  criteria  or
ne  major  and  two  minor  criteria.

All  patients  had  undergone  a  scalp  biopsy  with  a  4-mm
unch  biopsy,  with  one  sample  submitted  for  vertical  sec-
ions  and  the  other  for  cross-sectional  sections.  Diagnosis

as  confirmed  by  one  pathologist  and  one  dermatolo-
ist  using  hematoxylin  and  eosin-stained  sections.  The
istopathological  alterations  found  in  LPP  and  FFA  are  a
erifollicular  lymphohistiocytic  infiltrate,  sometimes  with
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Table  1  Calculation  of  the  Klein  score.

%  of  positive  cells  (A)  Intensity  (B)  Final  score

0  =  0% 0  =  No  reaction A  ×  B
1 =  1%  -  29%  1  =  Weak  reaction
2 =  30%  -  60%  2  =  Moderate  reaction
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follicle  are  primarily  affected,  the  region  where  follicular
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3 =  61%  -  100%  3  =  Strong  reaction

 lichenoid  pattern,  more  prominent  in  the  isthmus  and
nfundibulum  regions;  vacuolar  degeneration  of  basal  cells;
ecrotic  keratinocytes;  artifactual  clefts  between  the  fol-
icle  and  the  perifollicular  fibrous  band;  and  perifollicular
brosis  separating  the  inflammatory  infiltrate  from  the  fol-

icle.  Over  time,  there  is  a  reduction  and  loss  of  sebaceous
lands  and  destruction  of  the  entire  hair  follicle.1

Twenty  apparently  normal  scalp  tissues,  age  and  sex
atched,  were  obtained  at  the  time  of  facial  plastic  surgery

nd  used  as  controls.
This  laboratory-based  study  involved  the  use  of  sixty

uffered,  formalin-fixed,  paraffin-embedded  tissue  blocks
f  histologically  proven  cases  of  LLP,  FFA  and  controls.

The  primary  antibodies  for  immunohistochemistry  stain-
ng  included  polyclonal  antibodies  against  MMP1  [EP1247Y]
ab52631,  Abcam,  Cambridge,  UK)  and  MMP2  [6E3F8]

ab86607,  Abcam,  Cambridge,  UK).

The  expression  of  MMP-1  and  MMP-2  in  LPP,  FFA,  and  con-
rol  groups  was  evaluated  in  the  sebaceous  glands  (SG),  all

s

l

igure  1  Negative  expression  of  MMP-1  in  LPP,  FFA,  and  control
eratinocytes  (KT)  ×100.  Source:  research  original  data.

2

EARCH

egments  of  the  hair  follicles  (HF),  and  the  epidermal  ker-
tinocytes  (KT).

The  Klein  score  is  a  semiquantitative  method  used  to
valuate  the  expression  of  immunohistochemical  markers  by
ultiplying  the  percentage  of  positive  cells  by  the  staining

ntensity  to  obtain  the  final  score  (Klein  et  al.,  2001).
The  Klein  score  was  obtained  through  the  calculation

escribed  in  Table  1.
Qualitative  variables  were  presented  as  absolute  and  rel-

tive  frequencies,  and  quantitative  variables  as  minimum,
aximum,  mean,  standard  deviation,  median,  first  (Q1)  and

hird  (Q3)  quartiles.  The  number  of  available  information
valid  n)  was  presented  for  each  variable.

The  association  between  qualitative  variables  was
ssessed  using  Fisher’s  exact  test.  The  comparison  of  quan-
itative  variables  between  the  three  comparison  groups  was
erformed  using  the  Kruskal-Wallis  test.

The  analyses  were  carried  out  in  the  R  Studio  program
ersion  2024.04.2  using  the  R  language  version  4.4.0,  and

 <  0.05  was  considered  significant.
There  was  no  difference  between  the  three  groups  evalu-

ted  in  the  MMP-1  and  MMP-2  antibody  markers  (Figs.  1  and  2
nd  Tables  2  and  3).

LPP  and  FFA  are  primary  lymphocytic  scarring  alopecias  in
hich  the  lower  infundibular  and  isthmic  areas  of  the  hair
tem  cells  are  located.
It  has  been  observed  that  many  patients  being  fol-

owed  for  LPP  and  FFA,  without  inflammatory  symptoms

 groups  in  the  sebaceous  glands  (SG),  hair  follicles  (HF)  and
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Table  2  MMP1  antibody  data  according  to  the  groups  evaluated.

Variables  Control  FFA  LPP  p-value

Sebaceous  glands
% Positive  cells ---
Min/Max  100.0/100.0  100.0/100.0  100.0/100.0

Median [Q1;  Q3]  100.0  [100.0;  100.0]  100.0  [100.0;  100.0]  100.0  [100.0;  100.0]
Standard deviation  100.0  (0)  100.0  (0)  100.0  (0)
N 19  15  15

Dominant  intensity  0.057a

No  reaction  0  (---)  0  (---)  0  (---)
Weak reaction  3  (15.8%)  7  (46.7%)  9  (60.0%)
Moderate  reaction 14  (73.7%) 6  (40.0%) 5  (33.3%)
Strong reaction 2  (10.5%) 2  (13.3%) 1  (6.7%)
N 19  15  15

Localization
Bulb 5  (26.3%)  5  (33.3%)  1  (6.7%)  0.207a

Loney  hair  0  (-)  1  (6.7%)  2  (13.3%)  0.273a

Transversal  hair 9  (47.4%)  5  (33.3%)  5  (33.3%)  0.617a

Upper  portion 6  (31.6%)  3  (20.0%)  7  (46.7%)  0.326a

N  19  15  15
Klein score 0.061b

Min/Max  3.0/9.0  3.0/9.0  3.0/9.0
Median [Q1;  Q3] 6.0  [6.0;  6.0]  6.0  [3.0;  6.0]  3.0  [3.0;  6.0]
Standard deviation 5.8  (1.6) 5.0  (2.2)  4.4  (1.9)
N 19  15  15

Hair follicle
%  Positive  cells 0.922b

Min/Max  0/100.0  0/100.0  0/100.0
Median [Q1;  Q3] 75.0  [57.5;  90.0] 70.0  [30.0;  100.0] 80.0  [20.0;  97.5]
Standard  deviation  69.5  (27.8)  61.1  (39.6)  58.6  (41.9)
N 20  19  18

Dominant  intensity  0.551a

No  reaction  1  (5.0%)  4  (21.1%)  4  (22.2%)
Weak reaction  15  (75.0%)  12  (63.2%)  10  (55.6%)
Moderate  reaction  4  (20.0%)  3  (15.8%)  3  (16.7%)
Strong reaction  0  (-)  0  (-)  1  (5.6%)
N 20  19  18

Klein score  0.620b

Min/Max  0/6.0  0/6.0  0/9.0
Median [Q1;  Q3]  3.0  [2.0;  3.0]  3.0  [2.0;  3.0]  3.0  [1.0;  3.0]
Standard deviation  3.1  (1.6)  2.6  (1.9)  2.8  (2.4)
N 20  19  18

Keratinocyte
% Positive  cells  0.780b

Min/Max  0/100.0  0/100.0  0/100.0
Mediana  [Q1;  Q3]  100.0  [25.0;  100.0]  92.5  [7.5;  100.0]  90.0  [20.0;  100.0]
Média (dp)  71.1  (40.0)  63.2  (44.7)  62.6  (41.1)
N válido  19  20  19

Dominant  intensity  0.505a

No  reaction 2  (10.5%)  5  (25.0%)  1  (5.3%)
Weak reaction  13  (68.4%)  10  (50.0%)  13  (68.4%)
Moderate  reaction 4  (21.1%)  5  (25.0%)  4  (21.1%)
Strong reaction 0  (-) 0  (-)  1  (5.3%)
N 19  20  19

Klein score  0.971b

Min/Max  0/6.0  0/6.0  0/9.0
Median [Q1;  Q3]  3.0  [1.5;  3.0]  3.0  [0.8;  3.8]  3.0  [1.0;  4.5]
Standard deviation  2.9  (1.9)  2.8  (2.2)  3.1  (2.4)
N 19  20  19

3
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Table  2  (Continued)

Variables  Control  FFA  LPP  p-value

Layer  0.100a

Basal  0  (---)  0  (---)  3  (16.7%)
Basal and  Parabasal  17  (100.0%)  15  (100.0%)  15  (83.3%)
N 17  15  18

Limphocytes
Presence ---
Negative 0  (---)  0  (---)  0  (---)
Positive 14  (100.0%) 19  (100.0%) 15  (100.0%)
N válido 14  19  15

Dominant intensity 0.731a

No  reaction  5  (35.7%)  3  (15.8%)  2  (13.3%)
Weak reaction  4  (28.6%)  10  (52.6%)  8  (53.3%)
Moderate  reaction  4  (28.6%)  4  (21.1%)  4  (26.7%)
Strong reaction  1  (7.1%)  2  (10.5%)  1  (6.7%)
N 14  19  15

a Teste Exato de Fisher.
b Teste de Kruskal-Wallis.

Table  3  MMP2  antibody  data  according  to  the  groups  evaluated.

Variables  Control  FFA  LPP  p-value

Sebaceous  glands
% Positive  cells  ---

Min/Max 100.0/100.0  100.0/100.0  100.0/100.0
Median [Q1;  Q3]  100.0  [100.0;  100.0]  100.0  [100.0;  100.0]  100.0  [100.0;  100.0]
Standard deviation  100.0  (0)  100.0  (0)  100.0  (0)
N 19  13  16

Dominant  intensity 0.602a

No  reaction  0  (---)  0  (---)  0  (---)
Weak reaction 0  (---)  0  (---)  0  (---)
Moderate  reaction 1  (5.3%) 2  (15.4%)  2  (12.5%)
Strong reaction 18  (94.7%) 11  (84.6%) 14  (87.5%)
N 19  13  16

Localization
Bulb 3  (15.8%) 5  (38.5%) 1  (6.2%) 0.103a

Loney  hair 0  (---)  0  (---)  2  (12.5%)  0.176a

Transversal  hair  10  (52.6%)  7  (53.8%)  4  (25.0%)  0.203a

Upper  portion  8  (42.1%)  3  (23.1%)  8  (50.0%)  0.323a

N  19  13  16
Klein score  0.625b

Min/Max  6.0/9.0  6.0/9.0  6.0/9.0
Median [Q1;  Q3]  9.0  [9.0;  9.0]  9.0  [9.0;  9.0]  9.0  [9.0;  9.0]
Standard deviation  8.8  (0.7)  8.5  (1.1)  8.6  (1.0)
N 19  13  16

Hair follicle
%  Positive  cells  0.360b

Min/Max  100.0/100.0  70.0/100.0  90.0/100.0
Median [Q1;  Q3]  100.0  [100.0;  100.0]  100.0  [100.0;  100.0]  100.0  [100.0;  100.0]
Standard deviation  100.0  (0)  98.0  (7.0)  99.4  (2.4)
N 20  20  18

Dominant  intensity  0.883a

No  reaction  0  (---)  0  (---)  0  (---)
Weak reaction  2  (10.0%)  3  (15.0%)  3  (16.7%)
Moderate  reaction  12  (60.0%)  9  (45.0%)  9  (50.0%)
Strong reaction  6  (30.0%)  8  (40.0%)  6  (33.3%)

4
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Table  3  (Continued)

Variables  Control  FFA  LPP  p-value

N  20  20  18
Klein score  0.914b

Min/Max  3.0/9.0  3.0/9.0  3.0/9.0
Median [Q1;  Q3]  6.0  [6.0;  9.0]  6.0  [6.0;  9.0]  6.0  [6.0;  9.0]
Standard deviation  6.6  (1.8)  6.8  (2.1)  6.5  (2.1)
N 20  20  18

Keratinocyte
% Positive  cells 0.387b

Min/Max  100.0/100.0  100.0/100.0  10.0/100.0
Mediana  [Q1;  Q3] 100.0  [100.0;  100.0] 100.0  [100.0;  100.0] 100.0  [100.0;  100.0]
Média (dp)  100.0  (0)  100.0  (0)  95.5  (20.1)
N válido  18  20  20

Dominant  intensity  0.933a

No  reaction  0  (---)  0  (---)  0  (---)
Weak reaction  3  (16.7%)  4  (20.0%)  5  (25.0%)
Moderate  reaction  9  (50.0%)  10  (50.0%)  11  (55.0%)
Strong reaction  6  (33.3%)  6  (30.0%)  4  (20.0%)
N 18  20  20

Klein score  0.575b

Min/Max  3.0/9.0  3.0/9.0  1.0/9.0
Median [Q1;  Q3]  6.0  [6.0;  9.0]  6.0  [6.0;  9.0]  6.0  [5.2;  6.0]
Standard deviation  6.5  (2.1)  6.3  (2.2)  5.8  (2.2)
N 18  20  20

Layer ---
Basal 0  (---) 0  (---)  0  (---)
Basal and  Parabasal 18  (100.0%)  20  (100.0%)  20  (100.0%)
N 18  20  20

Limphocytes
Presence ---
Negative  0  (---)  0  (---)  0  (---)
Positive 13  (100.0%) 19  (100.0%)  13  (100.0%)
N válido 13  19  13

Dominant  intensity 0.086a

No  reaction 0  (---) 0  (---) 0  (---)
Weak reaction  0  (---)  1  (5.3%)  3  (23.1%)
Moderate  reaction  1  (7.7%)  3  (15.8%)  4  (30.8%)
Strong reaction  12  (92.3%)  15  (78.9%)  6  (46.2%)
N 13  19  13

o
a

f
b
6
m

u
t
d
p

u
t
i

e
p
c
t

t
p
i

r
p

a Teste Exato de Fisher.
b Teste de Kruskal-Wallis.

r  signs,  continue  with  the  progression  of  the  area  of
lopecia.1

Wong  and  Goldberg,8 found  statistically  significant  dif-
erences  between  the  extent  of  the  inflammatory  infiltrate
elow  the  isthmus  in  FFA  when  compared  with  LPP  (92%  vs.
3%;  p  =  0.02)  but  found  no  differences  between  the  inflam-
atory  infiltrate  intensity  in  the  two  diseases.
Although  the  pathophysiology  of  both  diseases  remains

nknown,  an  autoimmune  aetiology  is  favoured.  However,
he  dramatic  increase  in  the  incidence  of  FFA  over  the  past
ecade  has  caused  investigators  to  also  postulate  a  strong
otential  environmental  aetiology  for  this  disease.2
We  recommend  that  patients  with  FFA/LPP  avoid  daily
se  of  chemical  sunscreens  and/or  sunscreens  containing
itanium  dioxide.  Furthermore.  General  allergen  avoidance
s  important  in  controlling  scalp  symptoms.9

s

i
b

5

In  oral  squamous  cell  carcinoma,  there  is  an  increased
xpression  of  MMPs  that  play  an  important  role  in  tumor
rogression.  MMP-2  and  MMP-9  play  an  important  role  in  the
leavage  of  type  IV  collagen,  facilitating  the  disruption  of
he  basement  membrane  and  migration  of  dysplastic  cells.4

Despite  the  expression  of  MMP-2  observed  mainly  in
he  lymphocytic  band  in  the  lamina  propria  in  oral  lichen
lanus,4 it  was  not  noticed  in  the  patients  with  LPP  or  FFA
n  our  study.

MMP-1  positively  affects  the  wound-healing  process  and
educes  unwanted  scar  formation.  Therefore,  MMP-1  can
otentially  be  used  for  preventing  or  treating  hypertrophic

10
cars.
We  believe  that  MMPs  increase  in  situations  where  there

s  collagen  breakdown  and  disruption  of  the  basal  mem-
rane  zone,  but  in  cicatricial  alopecias,  there  is  mainly
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igure  2  Same  expression  of  MMP-2  in  LPP,  FFA,  and  contro
tinocytes (KT)  ×100.  Source:  research  original  data.

ccumulation  of  this  substance  in  the  perifollicular  zone  and
brosis.

A  key  limitation  of  standard  immunohistochemistry  when
tudying  matrix  metalloproteinases  (MMPs)  is  that  it  detects
he  presence  and  location  of  the  protein  (total  amount,
ctive  and  inactive),  but  it  does  not  provide  information  on
ts  enzymatic  activity,  which  zymography  does  measure.

MMP-1  and  2  aren’t  probably  not  mediators  in  the  patho-
enesis  of  FFA  and  LPP.
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