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Study of direct immunofluorescence, immunofluorescence
mapping and light microscopy in porphyria cutanea tarda

Estudo da imunofluorescência direta, imunomapeamento e microscopia ótica

na porfiria cutânea tardia 

Abstract: BACKGROUND: Even though porphyria cutanea tarda is the most frequent type of porphyria, there are
few studies about its cutaneous physiopathology. 
OBJECTIVE: To evaluate skin changes in porphyria cutanea tarda using light microscopy and direct immunofluo-
rescence before and after treatment with chloroquine. To perform antigen immunomapping of bullae to study
their level of cleavage.
METHODS: Light microscopy and direct immunofluorescence of 28 patients are reported in three different phases:
23 patients with active porphyria before treatment (Phase A), 7 patients with clinical remission during treatment
(Phase B), and 8 patients with biochemical remission (Phase C). Immunomapping was performed on 7 patients.
RESULTS: In active porphyria, direct immunofluorescence showed homogenous and intense fluorescence on the
inside and on the walls of blood vessels as well as in the dermal-epidermal junction. In clinical remission (Phase
B) and biochemical remission (Phase C), the deposit of immunoglobulins was maintained, but the deposit of
complement was reduced in most cases. Immunomapping revealed no standard cleavage plane.
CONCLUSION: No correlation was observed between clinical response and immunoglobulin deposits. The reduc-
tion of complement favors the hypothesis that activation of the complement cascade represents an additional
pathway that leads to endothelial damage.
Keywords: Fluorescent antibody technique; Microscopy; Porphyria cutanea tarda; Porphyria cutanea 
tarda/physiopathology

Resumo: FUNDAMENTO: Apesar de a porfiria cutânea tardia ser a mais frequente das porfirias, há poucos estudos
que abordam sua fisiopatologia cutânea. 
OBJETIVO: Avaliar as alterações cutâneas na porfiria cutânea tardia utilizando a microscopia ótica e a imunofluo-
rescência direta, antes e depois do tratamento com cloroquina. Realizar o imunomapeamento antigênico da
bolha para estudo do seu nível de clivagem. 
MÉTODOS: Relata-se a microscopia ótica e imunofluorescência direta de 28 pacientes em três fases diferentes: 23
pacientes com porfiria ativa antes do tratamento (Fase A), sete pacientes com remissão clínica durante o tratamento
(Fase B) e oito pacientes com remissão bioquímica (Fase C). O imunomapeamento foi realizado em sete pacientes. 
RESULTADOS: Na porfiria ativa, a imunofluorescência direta demonstrou fluorescência homogênea e intensa no
interior e na parede dos vasos e na junção dermoepidérmica. Na remissão clínica (Fase B) e na remissão bio-
química (Fase C), o depósito de imunoglobulinas se manteve, mas o depósito de complemento apresentou
diminuição na maioria. O imunomapeamento não demonstrou plano de clivagem fixo. 
CONCLUSÃO: Não houve correlação entre a resposta clínica e os depósitos de imunoglobulinas. A diminuição do
complemento favorece a hipótese de que a ativação da cascata do complemento representa uma via adicional
que leva à lesão endotelial.
Palavras-chave: Imunofluorescência; Microscopia; Porfiria cutânea tardia; Porfiria cutânea tardia/fisiopatologia
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INTRODUCTION
Porphyria cutanea tarda (PCT), the most com-

mon form of porphyria, is characterized by partial
deficiency of uroporphyrinogen decarboxylase. Direct
immunofluorescence (DIF) of injured skin shows
deposition of immunoglobulins (Ig) G, M and A and /
or complement (C3) with characteristic fluorescence
that extends from the wall to the lumen of the blood
vessels and in the dermal-epidermal junction (DEJ). 1,2

The skin was evaluated using light microscopy and
DIF before and after treatment with chloroquine in an
attempt to investigate possible correlations between
treatment and skin changes. In order to better under-
stand the physiopathology of lesions in PCT, subepi-
dermal blisters were subjected to antigen
immunomapping, indirect immunofluorescence
which uses specific labeled antibodies directed
against known antigens of the DEJ, such as the bul-
lous pemphigoid antigen, laminin, type IV collagen
and type VII collagen, to determine the level of cleav-
age in the DEJ. 3 The bullous pemphigoid antigen is
located above the lamina lucida in epidermal cells of
the basal layer. Laminin, a non-collagen glycoprotein
present in the basement membrane, has been impli-
cated in the adhesion of epidermal cells to the base-
ment membrane and it is the main component of the
lamina lucida. Type IV collagen is the main element of
the lamina densa of the basement membrane. Type
VII collagen composes the anchoring fibrils located in
the sublamina densa. As the location of the antigens
in the basement membrane of the blister is known, it
is possible to establish the exact level of subepidermal
cleavage. This method can help with differential diag-
nosis of several bullous diseases.

MATERIALS AND METHODS
The study design was non-directional and

ambispective. At the beginning of the study, we
obtained the data of the patients who had already
presented themselves to the outpatient clinic by
means of a cross-sectional analysis, and for 3 years we
included all new cases and the data of patients who
presented clinical and/or biochemical remission after
treatment. We used Excel ® spreadsheet (Microsoft ®)
to describe the data and applied measures for the
analysis of the frequency of some factors in the study
population. We described the proportions of each
finding and used “Fisher’s Exact Test” for the compar-
ative analysis of some data, with a significance level of
0.05. For the statistical analysis, we used SPSS for
Windows, version 10.0.

Patients
After signing the consent form, the patients

answered questions related to the research object and

had their material collected as described in the follow-
ing item. Twenty-eight patients with PCT were select-
ed for this study, with their ages varying from 16 to 66.
The diagnosis of PCT was based on: 1 - Typical clinical
manifestations; 2 - Screening test using Wood’s lamp
(Rimington-Doyle and Rimington Method) 5 to detect
porphyrins in urine, feces, and erythrocytes; 3 - 24-
hour urine collection with increased concentration of
uroporphyrin (URO) at least three times the level of
coproporphyrin (Copro), that is, ratio URO/COPRO
greater than 3:1; 6 and 4 - Histology and direct
immunofluorescence. The quantification of urinary
porphyrins in the 24-hour urine sample was deter-
mined by the method of high performance liquid
chromatography (HPLC). 7 The pattern of excretion of
urinary porphyrins is diagnostic for PCT. 6 Anuric
patients or patients who did not present the excretion
pattern of porphyrins (ratio URO/COPRO greater than
3:1) were excluded from the study. Disappearance of
blisters and improvement of skin fragility were the cri-
teria used for clinical remission, and reduction of total
porphyrins in the 24-hour urine sample to normal
parameters (females <159 μg and males <199 μg)
was considered biochemical remission.

Skin biopsies
Biopsies for histopathology and direct immuno-

fluorescence (DIF) were obtained as described in the
chart (Figure 1). A total of 28 patients were studied. In
23 patients (Phase A), the first skin biopsy was
obtained from skin lesions, regardless of their loca-
tion. Five patients had already started treatment and
had no skin biopsies prior to it. In 7 patients (Phase
B), the biopsy was performed on clinically normal
skin of the dorsum of the hand (exposed skin) during
treatment with chloroquine and in clinical remission,
but without biochemical remission. In 8 patients
(Phase C), biopsy was performed on clinically normal
skin of the dorsum of the hand during clinical and bio-
chemical remission (inactive porphyria). In 7 patients
with active PCT (Phase A), a biopsy of the perilesional
region, independent of the others, was performed for
antigen immunomapping of the DEJ.

Histopathology
For the histopathological examination, skin

fragments were fixed in 10% formalin, embedded in
paraffin and submitted to routine histological tech-
nique using hematoxylin-eosin, periodic acid-Schiff
(PAS) and Perls’ stain (to identify hemosiderin).

Direct immunofluorescence (DIF)
The skin fragment was transported in gauze

moistened with saline solution 0.9% and taken for
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immediate cryopreservation in tissue freezing medi-
um (Leica manufacturer) and stored at -20 ° C until
cryomicrotomy. After cryosection, three 4-micrometer-
thick cuts were placed on albuminized slides. The
slides were placed in a humidity chamber at room
temperature; and the conjugates (anti-human
immunoglobulins produced in immunized animals
and labeled with fluorescein isothiocyanate) were
placed on the cuts. The conjugates were diluted in
TBS pH 7.5 (tris-buffered saline - calcium acetate
buffer) containing 3 mg% of Evans blue dye (Interlab
manufacturer). We used anti-human IgA, SIGMA (1:20
dilution), anti-human IgM, SIGMA (1:20 dilution),
anti-human IgG, SIGMA (1:130 dilution) and anti-
human C3, Dako (1:40 dilution). A conjugate was
used for each slide. After 30 minutes of incubation,
the slides were washed in TBS pH 7.5 for two periods
of ten minutes each. To mount the slides, we used
buffered glycerin (pH 9 / 0.5 M) and glass coverslip.
The reading was done using an epiluminescence
microscope (Zeiss, model Axiolab).

Immunomapping
The skin fragment was transported in gauze

moistened with saline solution 0.9% and taken for
immediate cryopreservation in tissue freezing medi-
um (Leica manufacturer) and stored at -20 ° C until
cryomicrotomy. Cryosection was performed in a cryo-
stat and four cuts (4μ) were placed on albuminized
slides. One of the monoclonal antibodies (produced
in mice), namely, anti-human laminin (clone LAM-89,
1:20 dilution), anti-human type IV collagen  (clone
col-94, 1:25 dilution) and anti-human type VII colla-
gen (clone LH7-2, 1:25 dilution), all from Sigma

Aldrich and commercially purchased, were placed on
each cut. As a source of antibodies against bullous
pemphigoid antigen, the serum of a patient previous-
ly diagnosed with the disease was used (1:20 dilu-
tion). The dilutions were performed in TBS pH 7.5.
Each of the diluted antibodies was placed on a cut and
incubated for a period of 30 minutes in a humidity
chamber at room temperature. After that, the slides
were washed in TBS for two periods of 10 minutes
each. Then, to reveal the reaction, we used the anti-
IgG antibody conjugated with fluorescein isothio-
cyanate. For binding to the monoclonal antibodies, we
used an anti-mouse IgG (1:30 dilution) produced in
rabbit [mouse immunoglobulins / FITC-rabbit F (ab’)
2, Dako], and for binding to the antibody of the pem-
phigoid antigen, we used an anti-human IgG (1:130
dilution) also produced in rabbits (anti-Human IgG-
Whole molecule-FITC conjugate, Sigma Aldrich).The
dilutions were performed in TBS buffer containing
3mg% of Evans blue dye. After 30 minutes of incuba-
tion (in a humidity chamber and at room tempera-
ture), the slides were washed again in TBS for two
periods of 10 minutes each. When the slides were
slightly dry, they were mounted with buffered glycerin
and glass coverslip, and the reading was done in an
epiluminescence microscope.

RESULTS
We selected 28 patients with porphyria cutanea

tarda before and after treatment with chloroquine.
Seven patients were female (25%) and 21 were male
(75%). The mean age was 30.3 years (median 29.0
years) for women and 44.5 years (median 49 years) for
men. Alcohol intake was the predominant triggering
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FIGURE 1: Chart describing how biopsies were obtained in different phases (A, B and C)

28 patients

Injured Skin
Phase A (23

patients) Active PCT
Before treatment

Phase B (7 patients)
During treatment Only
with Clinical remission

Phase C (8 patients) Inactive
PCT Clinical and biochemical

remission

Histopathology (HE+PAS)
Direct Immunofluoresce

(DIF)
Normal Skin

Normal Skin
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factor in men, while estrogen therapy was the pre-
dominant factor in women (contraception and hor-
mone replacement). Hepatitis C was present in 57.1%
of all patients (71.4% men and 14.3% women). There
were no reports of exposure to porphyrinogenic poly-
chlorinated hydrocarbons. Other diseases present in
the patients were hepatitis B (39.3%), diabetes melli-
tus (17.9%), infection with human immunodeficiency
virus - HIV (7.1%), chronic renal failure (3.6%), hepa-
tocellular carcinoma (3.6%), multiple myeloma (3.6%)
and myelofibrosis (3.6%). All patients were treated
with chloroquine diphosphate (250mg, twice a week),
except for one patient treated with phlebotomy. 

Biopsies were performed in three different
phases: Phase A, prior to the beginning of treatment;
phase B, during treatment with chloroquine and in
clinical remission but without biochemical remission;
and phase C, in clinical and biochemical remission,
that is, inactive porphyria (Figure 1).

Light microscopy
In patients with active PCT (Phase A), light

microscopy with hematoxylin-eosin stain revealed
subepidermal bullae in 86.9% (20 of 23 patients), and
47.8% (11 of 23) presented dermal papillae irregular-
ly protruding from the base of the bullae into the cav-
ity with a festooning aspect (Figure 2). Perivascular
lymphomononuclear inflammatory infiltrate was occa-
sionally found. No fibrosis was observed, except in a
patient’s sclerodermatous lesion where the dermis
showed thick collagen fibers arranged in a more com-
pact form. 

Staining with periodic acid-Schiff (PAS) of the
skin lesions of 95.6% of the patients (22 of 23) (Phase
A) revealed homogeneous thickening of upper dermal
vessel walls by diastase-resistant, PAS-positive hyaline
material (Figure 2). This thickening of the vessel walls
remained in 92.9% of patients (13 out of 14) with clin-

ically normal skin (Phases B and C). Vascular changes
were more accentuated in the papillary dermis and
the amount of hyaline material around the vessels var-
ied in different biopsies. It was possible to compare
the thickening of vessel walls in five patients before
treatment (Phase A) and in biochemical remission
(Phase C). They showed thickening of the vessel for
PAS before treatment, and four of them presented
slighter thickening in biochemical remission while
one presented no wall thickening (Table 1).We do not
know how long two of the patients (cases no. 20 and
21) had already been in biochemical remission when
their second biopsy was performed (after 10 and 6
years, respectively); as for the other three patients,
they had their second biopsy performed as soon as
they went into biochemical remission.

All samples (Phase A, B and C) were subjected
to Perls’ stain, but no hemosiderin deposit in the der-
mis was identified.

Direct immunofluorescence (DIF)
In active porphyria (phase A), DIF demonstrat-

ed intense and homogeneous characteristic fluores-
cence on the inside and on the walls of blood vessels
and in the dermal-epidermal junction (Figure 3).
Table 2 presents the results of DIF for each patient in
the different phases (A, B and C). In Phase A, four
patients showed negative DIF and 19 showed
immunofluorescence with deposits of IgG and C3 in
the vessels (65.2% and 52.2%, respectively) and in the
DEJ (47.8% and 39.1%, respectively) (Table 3).
Fluorescence in the vessels for IgG was moderate in
four (17.4%) and intense in nine (39.1%) while fluo-
rescence for C3 was moderate in four (17.4%) and
intense in six (26.1%). Deposition was more promi-
nent in the papillary vessels, but vessels of the reticu-
lar dermis were also frequently involved.
Fluorescence was focal or continuous and showed

FIGURE 2: Porphyria cutanea tarda: 1.
Histopathology with hematoxylin-eosin
stain showing a subepidermal bulla
with protruding dermal papillae and no
inflammatory infiltrate (HE, 40x). 2.
Staining with periodic acid-Schiff (PAS)
showing diastase-resistant, PAS-positive
hyaline material thickening dermal ves-
sel walls (PAS, 40x)
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granular or homogenous pattern in the DEJ.
In phase B, deposition of IgG on the vessel

walls occurred in 85.7% of the seven patients tested,
three of them (42.9%) showed moderate fluorescence
and two (28.6%) showed intense fluorescence.
Deposition of C3 in the vessels was present in only
one case (14.3%), but with slight fluorescence.

In inactive porphyria (Phase C), immunofluo-
rescence was negative in one case and deposition of
IgG on the vessel wall occurred in 87.5% of the eight
patients tested, three of them (37.5%) showed moder-
ate fluorescence and four ( 50.0%) showed intense
fluorescence. In this phase, deposition of C3 was pres-
ent in 37.5% (3 out of 8) and fluorescence intensity
was slight, moderate and intense in each of the three
cases (12.5% each).

Comparing patients with active disease (Phase
A) with patients in clinical remission (phases B and C),
the number of cases with deposition of IgG on the ves-
sel walls increased (from 65.2% (95% CI [42.7, 83.6])
in phase A to 85.7% (95% CI [42.1, 99.6]) and 87.5%
(95% CI [47.3, 99.7]) in phases B and C, respectively)
and there was no decrease in fluorescence intensity.
The number of cases with deposition of complement
(C3) in the vessels decreased (from 52.2% (95% CI

[30.6, 73.2]) in phase A to 14.3% (95% CI [0.4, 57.9])
and 37.5% (95% CI [8.5, 75.5]) in phases B and C,
respectively) and presented a decrease in fluores-
cence intensity. This reduction of C3 was important,
and it was more significant for patients in phase B (p
= 0.089) than for patients in phase C (p = 0.382).
When analyzing whether that decrease was significant-
ly different between phases B and C, nothing was
found (p = 0.338).

Considering the patients who presented posi-
tive DIF (Table 2), in phase A, 57.9% of the patients
(11 out of 19) showed intensity of fluorescence on the
vessel walls as noticeable as that in the DEJ and 31.6%
(6 out of 19) showed more intense fluorescence on
the vessel walls than in the DEJ. As for the patients
with clinical remission, phase B, 42.9% of the patients
(3 out of 7) showed intensity of fluorescence on the
vessel walls as noticeable as that in the DEJ, and 57.1%
of the patients (4 out of 7) showed more intense fluo-
rescence on the vessel walls than in the DEJ. As for the
patients with inactive PCT, phase C, 28.6% (2 out of 7)
showed intensity of fluorescence of the vessels similar
to that of the DEJ, and 71.4% of the patients (5 out of
7) showed more intense fluorescence on the vessel
walls than in the DEJ. It was observed that fluores-

FIGURE 3: Porphyria cutanea tarda: Direct
immunofluorescence showing intense
and homogeneous characteristic fluores-
cence on the inside and on the walls of
blood vessels as well as in the dermal-
epidermal junction for anti-IgG (40x)

Case No. Biopsy Before treatment Biopsy with Biochemical Remission Duration of Treatment

Case No. 4 Moderate Slight 18 months
Case No. 13 Intense Slight 28 months
Case No. 16 Intense Slight 16 months
Case No. 20 Intense Slight 10 years
Case No. 21 Moderate to slight No thickening 6 years

TABLE 1: Intensity of thickening of vessel walls by diastase-resistant, PAS-positive hyaline material (intense, mo-
derate or slight) before treatment (active porphyria) and after biochemical remission, in addition to duration of

treatment after the second biopsy

NOTE: The number (No.) of the cases described in this table is the same used to describe these patients in Table 2.
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cence becomes more prominent on the vessel walls
than in the DEJ as the patient moves from active por-
phyria (Phase A) to clinical remission (Phase B) and
then to biochemical remission (Phase C).

Antigen Immunomapping
Antigen immunomapping to determine level of

cleavage was performed on seven patients with active
PCT (Table 4). In three cases, all of the antigens (bul-
lous pemphigoid antigen, laminin, type IV collagen
and type VII collagen) were found on both sides of the
bullae and did not show defined level of cleavage. Two
cases presented all of the antigens at the base of the
bullae; therefore, cleavage was intra-epidermal. In one
case, type IV collagen was found on the roof and type
VII collagen on both sides of the bulla, and thus cleav-
age was at the level of the sublamina densa; in anoth-
er case, all of the antigens were found on the roof of
the blister, thus cleavage occurred below the sublami-
na densa (Figure 4). Consequently, there was no char-
acteristic pattern in terms of cleavage level.

DISCUSSION
The clinical characteristics of the patients in

this study are similar to those found in the literature,
8 which emphasize predominance in men and alcohol
intake as the main triggering factor. The association
with HCV, hepatitis B, diabetes mellitus, HIV, chronic
renal failure, hepatocellular carcinoma, multiple
myeloma and myelofibrosis was consistent with pre-
vious studies.8-12 We found a high incidence of HCV,
but its pathogenic role in triggering PCT has not been
clarified yet. Chloroquine in low doses was the treat-
ment chosen, and its benefits have been stressed in
several reports. 13,14

Staining with PAS revealed deposits of diastase-
resistant and PAS-positive material on the vessel walls
of the upper dermis in 95.6% of the cases, as shown in
previous studies. 15 Electron microscopy studies
showed that this hyaline material is composed of mul-
tiple layers of basal lamina and enlargement of
perivascular spaces with thin collagen fibers scattered
by a small amount of filamentous and amorphous
material.2,16 The immunohistochemical reaction for
type IV collagen and the immunofluorescence tech-
nique, using anti-laminin and type IV anti-collagen
serum, revealed that this perivascular material results
from excess synthesis of the basement membrane.17

The hyaline deposits would be a response resulting
from repeated injury to the vessel wall and conse-
quent leakiness of its contents.18 Histochemical studies
demonstrated that the hyaline deposits contain trypto-
phan, which is derived from blood and is not found in
collagen or the elastic tissue. 19 Therefore, these stud-
ies suggest that the amorphous hyaline material is
derived from the vessel wall and contents. The DEJ
presents structural changes identical to those found in
the vessels.2,16 The vessels of non-exposed skin present
normal thickness. 15,16

In phases B and C, the PAS-positive hyaline
material on vessel walls remained in 92.9% of the
patients. Timonen et al. 15 believed that thickening of
vessel walls was a chronic and irreversible change.
However, Epstein et al. 16 showed that vascular hyalin-
ization was more pronounced in the injured skin of
patients with active porphyria than in the exposed
skin of patients with inactive porphyria, but these
authors did not compare biopsies before and after
treatment in the same patient, and this decrease in
hyalinization of vessel walls could be because patients

An Bras Dermatol. 2010;85(6):827-37.

Clinical Diagnosis No. of IgG IgM IgA C3
cases

DEJ % Vessels %     DEJ % Vessels %  DEJ % Vessels %   DEJ % Vessels % 

Phase A:Active PCT 23 11 15 7         9 6        9 9        12
before treatment (47,8)      (65,2) (30,4)  (39,1) (26,1)  (39,1) (39,1)  (52,2)

Phase B: PCT with  7   2        6 3         2 1        4 1         1
clinical remission and (28,6)  (85,7)   (42,9)  (28,6) (14,3)  (57,1) (14,3)  (14,3)
no biochemical 

remission

Phase C: PCT with 8 3         7 3        1 3        4 2         3
clinical and   (37,5)  (87,5)  (37,5)  (12,5) (37,5)  (50,0) (25,0)  (37,5) 
biochemical 
remission

CHART 3: Direct immunofluorescence findings: Number of cases with deposition of IgG, IgM and IgA and com-
plement (C3) at the dermal-epidermal junction (DEJ) and in blood vessels

Note: DEJ - dermal-epidermal junction
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The results confirm previous studies on DIF, for
they revealed deposits of IgG and C3, in addition to
IgA and IgM, producing characteristic fluorescence
that extends from the vessel wall to the lumen and at
the DEJ of injured skin of 18 patients with active PCT
(five presented negative DIF). In most patients with
active PCT, fluorescence was homogeneous and very
intense. The patients with clinical remission (Phase B)
and biochemical remission (Phase C) maintained, on
exposed skin, deposition of IgG on the vessel wall and
at the DEJ, and there was no decrease in fluorescence
intensity in relation to that observed in active PCT.
After treatment, deposition of Ig was maintained even
though porphyrin levels were normal and, therefore,
there was no absorption of light to cause vessel injury.
Several authors do not consider these deposits a
result of an immunologic phenomenon, since circulat-
ing auto-antibodies against DEJ, vascular or perivascu-
lar antigens were not identified.2,16,21 It is assumed that
the deposits of immunoglobulins (Igs) result from the
diffusion of circulating Igs by the vessel wall and their
imprisonment in perivascular hyaline material. 2,21 This
did not occur with deposition of C3, since phases B
and C showed a decrease in the number of cases with
deposition of C3 in the vessels (from 52.2% in phase
A to 14.3% and 37.5% in phases B and C, respectively)
and a decrease in fluorescence intensity. This decrease
was important, but not statistically significant (p =
0.089 and p = 0.382, respectively). The complement
is possibly involved in the pathogenesis of the lesion.
There is extensive evidence that the complement is
involved: (1). Radiation in vitro of the serum of
patients with PCT results in activation of the comple-
ment. 22,23 (2). Photosensitivity induced by porphyrins
in animal models is associated with complement acti-
vation and is suppressed in animals with complement
depletion or congenital deficiency of C5. 24 (3). C5-

with inactive PCT presented milder vascular changes
in the active phase or because the remission period
was long and vascular changes improved during that
period. There is a reduction of this deposition after
biochemical remission among the five patients in our
study (Table 1), but a larger sample and a longer fol-
low-up period after biochemical remission is needed
to reach a definite conclusion.

The study of immunofluorescence in PCT was
first carried out by Baart de la Faille-Kuyper and
Cormane in 1968, using polyspecific conjugates with-
out immunological specificity. 20 In 1971, Cormane et
al. 1, with the improvement of microscopic equipment
(decreased autofluorescence of collagen fibers)
detected immunoglobulins (IgG, IgA and IgM) and
complement deposits on the inside and on the walls
of blood vessels, as well as in the DEJ; they suggest the
existence of an alternate pathway that activates the
complement sequence, induced by photodynamic
reaction and independent of immunological reac-
tions. In 1973, Epstein et al,16 showed IgG and com-
plement in a sporadic way on the vessel walls and in
the DEJ of injured skin of patients with active PCT. As
for the patients with inactive PCT, fluorescence was
less intense on exposed skin and absent on skin pro-
tected from light, indicating that light and porphyrins
were essential to generate injury. Timonen et al., 15 in
1991, studied DIF before and after treatment with
chloroquine in four patients: IgG was present on the
vessel walls of three patients and complement was
present on the vessel walls of one patient before treat-
ment. After remission, deposition of IgG was less
intense (two), increased (one) or negative (one).
From six to twelve months after biochemical remis-
sion, intense deposition of IgG was found in two
patients, including one who did not present deposi-
tion of IgG before treatment.

FIGURE 4: Porphyria cutanea tarda - Antigen
immunomapping of basement membrane with
all antigens - the antigen of bullous pemphigoid
(PB180), laminin, type IV collagen and type VII
collagen - on the epidermal side, and thus with
level of cleavage in the upper dermis below the
sublamina densa (40x)

PB180 Laminin

C VIIC IV
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induced chemotactic activity was observed after
exposing the skin of patients with PCT to Soret band
irradiation. 25 It is believed that porphyrins and light
activate the alternate pathway of the complement cas-
cade, independent of immune responses, leading to
endothelial injury.1 It is assumed that complement
activation, mediated by porphyrins after light radia-
tion, results from the generation of reactive oxygen
species, most likely singlet oxygen.25 It has not been
clarified whether endothelial damage follows activa-
tion of the complement cascade or whether these two
processes occur independently.2

As for deposition at the DEJ, it probably has the
same origin as deposition on the vessel wall, since no
circulating antibodies against the DEJ were found and
immunoglobulins are equivalent to those found in
blood vessels.2 As the patient progresses from active
porphyria to clinical remission and subsequent bio-
chemical remission, fluorescence becomes more pre-
dominant on the vessel wall than at the DEJ. It can be
concluded from these data that porphyrins leading to
endothelial injury cause the leakiness of immunoglob-
ulins (Igs) and complement (C3) to be greater in the
active phase (Phase A) and, therefore, fluorescence at
the DEJ is more frequent. In clinical remission (Phase
B) and biochemical remission (Phase C), there is a
decrease in fluorescence at the DEJ, probably because
the leakiness of Igs and C3 is slighter and more
restricted to the perivascular area.

Even though histopathologic changes and
immunofluorescence suggest that the primary focus
of the cutaneous lesion is the vessel wall, the patho-
genesis of skin fragility and blister formation has not
been totally elucidated yet. Blisters can be induced by
friction, 2 but not so often by phototest.26 The
immunoglobulins deposited at the DEJ cannot be con-
sidered responsible for skin fragility, for they also
occur in EPP, which does not present blisters.2 Further
evidence that immunoglobulins are not responsible

for the formation of blisters and fragility is their pres-
ence at the DEJ of normal skin of patients with inac-
tive PCT. Changes in electron microscopy of the DEJ
are found only in patients with PCT and VP; 16 this dif-
ference may be related to the concentration and solu-
bility of the porphyrins involved. In EPP, protopor-
phyrins are present in large amounts in the blood ves-
sels and, since they are not water soluble, they do not
diffuse easily out of the vessels. This explains why vas-
cular injury is more pronounced than changes at the
DEJ in this condition. 16 In PCT, the blisters result from
variable cleavage, sometimes in the lamina lucida, 3,27,28

sometimes in the papillary dermis 2,15,29 or at the level
of basal keratinocytes that show degenerative
changes.30 In some patients, the three types of cleav-
age can be observed in different biopsies, or even in
the same biopsy.30 Some authors believe that the blis-
ter initially originates in the junction zone and then,
with additional stimulus, it quickly becomes a dermal-
cleavage blister; this would explain the occurrence of
scars.28 Other authors have hypothesized that patients
with PCT have exposed skin so rigid that it does not
tolerate friction or trauma.2 Reinforcing this hypothe-
sis, it was experimentally observed in patients with
active PCT that exposed skin with normal clinical
appearance presented cleavage formation in electron
microscopy. This cleavage is formed beneath the basal
lamina in the superficial layers of the dermis, and
basement membrane reduplications probably result
from multiple episodes of microscopic cleavage and
its subsequent regeneration. 2 Another study on the
morphological event of blister formation with electron
microscopy showed that the phenomenon is condi-
tioned by formation of vacuoles limited by mem-
branes, and these are observed in the superficial der-
mis around the vessels and immediately below the
basal lamina.29 It is assumed that irradiation of por-
phyrins concentrated in lysosomes 19 leads to photody-
namic damage of lysosomal membranes, causing

An Bras Dermatol. 2010;85(6):827-37.

NO. OF CASES ANTIGENS CLEAVAGE LEVEL OF BULLAE

3 All antigens on the epidermal and dermal side No defined level of cleavage
(Bullae in regeneration)

1 Antigens of bullous pemphigoid and laminin were Sublamina densa
negative; Type IV collagen was found on the 
epidermal side and type VII collagen on the 
epidermal and dermal side

1 All antigens on the epidermal side Upper dermis (below the sublamina densa)

1 All antigens on the dermal side of the bulla Intraepidermal (basal cells)

1 All antigens on the dermal side of the bulla Intraepidermal (Above the basal cells)

CHART 4: Antigen immunomapping of the dermal-epidermal junction and cleavage level of bullae
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enzymes to escape into the cytoplasm and cells to
suffer apoptosis. Vacuoles formed by cytolysis of der-
mal cells and rupture of vacuolar membranes cause
dermal-epidermal cleavage. Lysosomal injury may
also affect endothelial cells and keratinocytes in the
basal layer. Another suggestion of these authors,
which would explain the development of bullae, is
the formation of pseudopodia of cells in the basal
layer spreading through spaces in the basement
membrane into the dermis. 29 This degenerative phe-
nomenon in the basal cells would explain why some
authors claim that bullae can occur above the basal
membrane.3,27,28,30 They conclude that cleavage is a
consequence of photodynamic injury of lysosomes,
affecting endothelial cells, keratinocytes and dermal
cells of the basal layer.29

In our study, we used antigen immunomapping
to determine the level of cleavage of bullae in seven
patients. It was not possible to identify the level of
cleavage in three patients, since they presented all of
the antigens on the epidermal and dermal side of the
bullae, which means that they were probably in regen-
eration; in two patients, cleavage was intraepidermal;
in one patient, it was in the sublamina densa; and in
another patient, cleavage occurred below the sublam-
ina densa. Therefore, a single level of cleavage was
not found, which is in agreement with the findings of
several authors who found variable levels of cleavage
in electron microscopy. Only two studies used
immunomapping of the DEJ to determine the level of
cleavage of the bullae: a study of five large bullae, in
which four were junctional and one was dermal cleav-
age, 27 and another study of five cases of PCT and two
of pseudoporphyria, where cleavage was observed in
the lamina lucida (junctional) in the seven cases. 3

Other authors 2.15 believe that the difference between

level of cleavage found in electron microscopy and
that found in immunomapping is due to a sampling
problem, that is, to the size of the bullae. In electron
microscopy, cleavage was described in the upper der-
mis, since recent and small vesicles are needed for this
one. Small vesicles would be related to dermal cleav-
age, while large blisters would be junctional. The
advantage of immunomapping in comparison with
electron microscopy is that it allows for an analysis of
a larger area of cleavage, that is, a whole larger bulla.
27 A junctional bulla cannot be considered a specific
morphological characteristic resulting from a specific
pathological mechanism, as it may be a secondary
phenomenon resulting from formation of dermal blis-
ter, whose fluid leaks and separates the basal lamina at
the level of lamina lucida, since this area acts as a
locus minoris resistentiae.27 Unlike other studies that
used immunomapping of the DEJ to study the cleav-
age level of bullae, we did not find any cases of cleav-
age at the level of lamina lucida. Our findings are
more in line with electron microscopy, which showed
variable levels of cleavage. 

CONCLUSION
Our study contributes to understanding the

physiopathology of skin lesions in PCT. We found that
immunoglobulin deposition is not related to fragility
and blistering, but reduced deposition of complement
in biochemical remission supports the hypothesis that
activation of the complement cascade represents an
additional pathway that leads to endothelial injury. As
for the mechanism that defines the different levels of
cleavage at the DEJ, it is, most likely, due to the fact
that photodynamic damage of lysosomes affects differ-
ent target cells, the basal keratinocytes and/or dermal
cells. �
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