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ORIGINAL STUDY

Application of C4d Immunohistochemistry on Routinely
Processed Tissue Sections for the Diagnosis of Autoimmune

Bullous Dermatoses

Axel P. Villani, MD,*† Brigitte Chouvet, MD,*† and Jean Kanitakis, MD*†

Abstract: The diagnosis of autoimmune bullous dermatoses
relies greatly on direct immunofluorescence (DIF) examination
performed on frozen tissue sections, showing deposits of immu-
noglobulins and/or C3 on specific cutaneous structures. However,
frozen material is not always available for DIF; therefore,
alternative techniques are needed in the diagnostic procedure.
We therefore tested the usefulness of C4d immunohistochemistry
on formalin-fixed, paraffin-embedded tissue sections for the
diagnosis of bullous pemphigoid (BP) and pemphigus (P). A
retrospective immunohistochemical study was performed on
biopsies of BP (n: 29) and P (n: 22, including 19 Pemphigus
vulgaris and 3 paraneoplastic), submitted for routine histological
examination and compared with DIF on the corresponding frozen
sections. Twenty-five BP biopsies (86.2%) showed C4d deposits
seen as a linear labeling along the dermal-epidermal junction and
on the membrane of basal keratinocytes. Seventeen P biopsies
(77.2%) showed C4d deposits in a classical “intercellular” pat-
tern, predominating on the lower epidermal layers. The sensitiv-
ity, specificity, positive predictive value, and negative predictive
value reached 86%, 98%, 96%, and 92% in BP, respectively and
77%, 98%, 94%, and 92% in P, respectively. Furthermore, in the
cases where serological tests were available, the sensitivity of
C4d detection was higher than that of enzyme-linked immunosor-
bent assay/indirect immunofluorescence in both BP (87% vs.
67%) and P (82% vs. 54.5%). We conclude that DIF on frozen
sections still remains the gold standard for the immunopatholog-
ical diagnosis of BP and P; however, in the absence of frozen
material, C4d immunohistochemistry performed on routinely pro-
cessed biopsy material can be of considerable help in confirming
the diagnosis.
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INTRODUCTION
Bullous pemphigoid (BP) and pemphigus (P) account for

2 of the most common autoimmune bullous dermatoses
(AIBD). Their diagnosis can be suggested clinically but must
be confirmed by a pathological study, including examination of
routinely processed [formalin-fixed, paraffin-embedded
(FFPE)] sections of a skin biopsy taken (ideally) from the
edge of a recent bullous lesion, and direct immunofluorescence
(DIF) testing of a snap-frozen (or fixed in Michel’s medium
before freezing) skin biopsy taken from peribullous skin. DIF
typically shows linear IgG and/or C3 deposits along the
dermal-epidermal junction (DEJ) in BP, and IgG and C3 de-
posits on the surface of epidermal keratinocytes (the so-called
“intercellular” pattern) in P. Although DIF is essential in the
diagnosis of both BP and P, suitable skin specimens for DIF
(ie, snap-frozen or fixed in Michel’s medium) are not always
available to the pathologist, either because an AIDB was not
suspected by the submitting physician (several clinically atyp-
ical presentations of P and BP exist), or because of the diffi-
culty to handle and forward frozen skin samples suitable for
DIF examination to the laboratory. When antigen retrieval
techniques became available, attempts were made to perform
DIF on FFPE skin biopsies using these techniques (enzymatic
treatment and microwave heating in citrate or urea buffer).
These early studies achieved detection of immunoglobulins
and/or C3 in a characteristic pattern in 50%–60% of BP and
P cases.1,2 More recently, commercially available mouse mono-
clonal and rabbit polyclonal antibodies have been produced
that are able to reliably detect human C3d and C4d, stable
component of classic complement activation, on FFPE biopsies
using immunoenzymatic techniques. The usefulness of immu-
nohistochemical detection (IHC) of C3d and C4d in the diag-
nosis of inflammatory dermatoses, including AIBD, has been
addressed in some studies3–6; these included a limited number
of biopsies or studied a variety of inflammatory dermatoses
without targeting specifically AIBD, and their results were
sometimes contradictory.6 The purpose of this study was to
further assess the usefulness of immunoperoxidase detection
of C4d in FFPE skin specimens in the diagnosis of BP and P.

MATERIALS AND METHODS
A retrospective immunohistochemical study was per-

formed on all cases of BP (n: 29) and P (n: 22, including 19
Pemphigus vulgaris and 3 paraneoplastic P cases) that had been
diagnosed over the past 6 years in our Dermatopathology
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laboratory, for which both FFPE and fresh-frozen diagnostic
skin biopsy had been submitted concomitantly. The diagnosis
had been confirmed in each case on the basis of a character-
istic aspect on routinely stained skin sections (subepidermal
and intraepidermal blistering in BP and P, respectively) and
by positive DIF test on the corresponding frozen skin speci-
men, showing deposits of IgG and/or C3 at the DEJ in BP,
and on the surface of epidermal keratinocytes in P. Skin
sections of the corresponding FFPE biopsies of all these cases
were labeled immunohistochemically in a Ventana immuno-
histochemistry automate, using a rabbit polyclonal antiserum
to C4d (Biomedica Gruppe, Austria) (applied at a dilution of
1:30 for 30 minutes at room temperature after antigen
retrieval, according to the instructions provided by the man-
ufacturer). Diaminobenzidine was used as chromogen, and
Harris hematoxylin as counterstain. To assess the specificity
of the immunolabeling, we performed in parallel C4d immu-
nostaining of FFPE skin biopsies of potential histologic
mimics of BP and P, including cases of subacute/vesicular
dermatitis (n: 12), herpetic infection blisters (n: 6), bullous drug
eruptions (n: 5), dermatitis herpetiformis (n: 5), nodular prurigo
(n: 7), Grover disease (n: 4), and Hailey–Hailey disease (n: 5).
Negative controls were performed by omitting the first-layer
antibody. The results of serological tests [enzyme-linked
immunosorbent assay (ELISA) and/or indirect immunofluores-
cence (IIF)] when available were recorded and compared with
the results of C4d detection.

RESULTS
Of 29 BP biopsies, 25 (86.2%) were C4d+. The C4d

deposits were visualized as a brown linear labeling along the

DEJ (found at the level of the blister and in noncleaved skin)
and as labeling of the membrane of basal keratinocytes (Figs.
1A, B). Whenever the biopsies contained bullous lesions, C4d
immunolabeling was as a rule found both at the roof and the
floor of the blister. Eight biopsies of BP included nonbullous
lesions; 6 of them were C4d+. All the C4d+ BP cases had
linear C3 deposits on the DEJ by DIF on frozen specimens.
Three of the 4 BP biopsies that were C4d2 had linear C3 and
IgG deposits along the DEJ by DIF on frozen specimens (the
fourth one had IgG, but no C3, deposits). Regarding P, 17 of
22 biopsies (77.3%) were C4d+. The staining of C4d had
a similar aspect to the one seen by DIF on frozen skin speci-
mens, that is, it was visualized as brown deposits on the
surface of epidermal keratinocytes, predominating on the
lower epidermal layers (“intercellular” pattern) (Fig. 1C).
C4d deposits were also found on the surface of acantholytic
keratinocytes present in the blisters (Fig. 1D). Of the 44 con-
trol biopsy specimens, only 1 (2.3%) showed C4d labeling
that was considered specific; this was a biopsy of dermatitis
herpetiformis that showed granular deposits of IgA on the tips
of dermal papillae. Of note, immunostaining for C4d was
regularly found on dermal (presumably elastic) fibers and
within apoptotic/necrotic keratinocytes, seen in cases of H
and bullous drug eruptions, of unknown specificity. Based
on these results, the sensitivity, specificity, positive predictive
value, and negative predictive value were evaluated at 86%,
98%, 96%, and 94% in BP, respectively and 77%, 98%, 94%,
and 92% in P, respectively.

Serological data (ELISA and/or IIF) were available for
15 of the 29 cases of BP and 11 of the 22 cases of P included
in this study. Analysis of these cases showed that the rate of
detection of C4d was higher than that of ELISA/IIF. In BP,

FIGURE 1. A, C4d immunostaining
in a bullous lesion of BP shows linear
deposits at the DEJ associated with
deposits on the surface of basal epi-
dermal keratinocytes. C4d labeling is
present both at the level of dermal-
epidermal separation (left) and on
noncleaved skin (right) (original
magnification ·100). B, BP. Higher
magnification shows C4d deposits
on the DEJ and on the surface of
epidermal keratinocytes (original
magnification ·250). C, Pemphigus.
IHC for C4d shows “intercellular”
deposits of C4d within the lower
epidermis (original magnification
·100). D, At higher magnification,
C4d deposits are seen on the surface
of acantholytic cells lining the intra-
epidermal bulla (original magnifica-
tion ·250).

Am J Dermatopathol � Volume 38, Number 3, March 2016 Paraffin C4d Immunostaining in Bullous Dermatoses

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved. www.amjdermatopathology.com | 187

Copyright © 201 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.5



the positivity rate reached 87% for C4d versus 67% for
ELISA/IIF. In P, the rate of detection was 82% for C4d versus
54.5% for ELISA/IIF.

DISCUSSION
IHC for C3d and C4d on FFPE tissue sections has been

tested in a small number of studies as an alternative to DIF for
the diagnosis of autoimmune dermatoses. Pfaltz et al3 found
that 31 of 32 cases of BP (97%) showed linear deposits of
C3d at the DEJ. Magro and Dyrsen4 studied 17 cases of BP
with C3d and C4d IHC and found invariable concordance
between C3d IHC and classical DIF but (somewhat unexpect-
edly) did not detect C4d positivity in BP cases. This contrasts
with the results of our study that showed 86% of BP cases to
be C4d+. This discrepancy could be because of differences in
specimen handling (type of fixative and fixation duration) and
in immunostaining protocols. Our results are in agreement
with those of Chandler et al,6 who found linear C4d positivity
on the DEJ in 7 of 9 of BP cases. Regarding P, Magro and
Dyrsen found that 82% of cases had intercellular C3d and
C4d deposits, roughly mirroring the intercellular pattern for
IgG and complement seen in DIF. This result is very similar
to our findings, showing C4d positivity in 77.3% of P cases.
In our study, the sensitivity of C4d detection by IHC on FFPE
for the diagnosis of BP and P (86% and 77%, respectively)
was found higher than that of DIF performed after antigen
retrieval in FFPE (ca. 55%)2 but remained lower than that of
traditional DIF on frozen skin specimens. However, the spec-
ificity of this technique for both BP and P seems high (97%
and 100%, respectively). Our results show that, similarly to
DIF, C4d immunohistochemistry on FFPE tissue sections is
more sensitive than serological examinations (ELISA and IIF)

for the diagnosis of BP and P, as serologically negative BP
and P patients have C4d+ skin biopsies in 27% and 55% of
cases, respectively.

In conclusion, DIF on frozen skin specimens still
remains the gold standard, first-choice adjunct to routine
microscopic study in the diagnosis of BP and P by virtue of
its high sensitivity. However, when frozen material is not
available, C4d IHC performed on FFPE material submitted
for routine microscopic study can confirm the diagnosis of BP
and P in the majority of cases, thereby obviating the necessity
to obtain an additional biopsy and accelerating the diagnostic
procedure. Furthermore, this technique can be used for
retrospective studies as FFPE material remains usually avail-
able for several years.
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