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A b s t r a c t

Introduction: Autoimmune pemphigus diseases comprise several entities 
with serious prognoses, including the pemphigus vulgaris (PV) group and 
pemphigus foliaceus (PF) group. Antihypertensives are suspected to be one 
of the factors triggering/sustaining pemphigus. Here, the data of pemphigus 
patients regarding arterial hypertension (AH) and taking potentially noxious 
drugs were statistically analyzed in a setting of a Polish university derma-
tology department.
Material and methods: Medical histories of pemphigus patients (40 admis-
sions of 24 female patients – 13 PV, 11 PF; and 102 admissions of 38 male  
patients – 24 PV, 14 PF), diagnosed at both immunopathological and bio-
chemical-molecular levels, were studied.
Results: Ten of 16 (62.50%) AH-positive PV patients received known PV trig-
gers/sustainers 11 times (1–3 per patient). Fourteen of 15 (93.33%) AH-pos-
itive PF patients received known PF triggers/sustainers 21 times (1–3 per 
patient). No differences in numbers of patients taking potentially culprit 
drugs were shown between PV and PF (Fisher’s exact test: p = 0.0829; Yates’ 
χ2 test: p = 0.1048). The most frequently used culprit drugs were ramipril in 
PV and enalapril in PF. On average, each PV/PF AH-positive patient received 
3.161 different antihypertensives in his/her history of admissions (2.155 
antihypertensives per admission). 
Conclusions: Drug triggering should be suspected in every case of newly di-
agnosed or exacerbated pemphigus, as eliminating possible PV/PF triggers/
sustainers may alleviate the clinical symptoms and enable the decrease of 
dose/range of immunosuppressants regardless of pemphigus form. Elimi-
nating possible drug PV/PF triggers/sustainers may alleviate the clinical 
symptoms and enable the decrease of dose/range of immunosuppressants 
regardless of pemphigus form.

Key words: drug-induced, pemphigus, precipitating factors, hypertension, 
treatment.

Introduction

Pemphigus diseases comprise several entities with serious progno-
ses, including the pemphigus vulgaris (PV) (Figures 1 A–C) group and 
the pemphigus foliaceus (PF) (Figures 1 D–F) group. These diseases are 
characterized by autoimmunity to desmosomal cadherins: mucocuta-
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neous PV is characterized by autoantibodies to 
desmoglein 3 (DSG3) and desmoglein 1 (DSG1), 
mucosal-dominant PV by autoantibodies to DSG3 
and PF by autoantibodies to DSG1 [1]. The auto-
immune response to these desmosomal structural 
proteins results in blistering by loss of cell adhe-
sion in the epidermis and mucous membranes [2]. 
Numerous factors are thought to trigger/sustain 
PV/PF: drugs, malignancies, dietetic and environ-
mental factors. The first case of drug-induced 
pemphigus (DIP), by penicillamine, was present-
ed by Degos et al. in 1969 [3], whereas the first 
report on pemphigus induced by an antihyper-
tensive (captopril) is dated 1980 [4]. Since that 
time a range of drugs has been reported to cause 
pemphigus, among them antihypertensives [3, 
5–14]. It should be a matter of great concern, as 
this group of diseases affects mainly middle-aged 
and elderly people. According to the Framingham 
Heart Study, 60% of the population of sexagenar-
ians develops arterial hypertension (AH), and the 
percentage increases to 65% of men and 75% of 
women aged 75 [15]. The HYVET study confirmed 
that AH treatment in the elderly reduces the risk of 
stroke and other cardiovascular events [16]. While 
internal medicine practitioners are somewhat 
conscious of the noxiousness of b-blockers in 
psoriasis, antihypertensive therapy in pemphigus 

poses a serious problem as the knowledge about 
relation of these dermatoses and antihyperten-
sives is inadequate not only among hypertension 
specialists, but also among dermatology prac-
titioners, who are not aware that recalcitrant or 
severe PV/PF, irresponsive to intensive treatment, 
may be caused by a harmful antihypertensive sus-
taining/triggering the disease. As many patients 
with DIP have tissue-bound as well as serum auto-
antibodies to DSG1 and/or DSG3 [17–19], the de-
termination whether the disease is drug-induced 
or just drug-exacerbated is troublesome.

Although the mechanism by which these agents 
trigger/sustain autoimmunity in DIP patients still 
remains a mystery, some theories propose a caus-
ative role of drug functional groups in DIP. There 
are some variations of subdivisions [3, 5, 20, 21], 
yet these chemicals can be assigned to four main 
groups: 1) containing a  sulfhydryl (-SH) group – 
called thiols or mercaptans, 2) drugs with an active 
amide group, 3) phenolic drugs, 4) other non-thiol 
non-amide non-phenolic drugs. The authors often 
also distinguish “masked thiols” within the thiol 
group, as compounds that contain sulfur are potent 
in forming a -SH group during biotransformation.

Causal relations between PV/PF and drugs are 
based mainly on case reports and small-scale 
studies. Still, the knowledge of drug-disease as-

Figure 1. A  – An elderly woman taking ramipril with pemphigus vulgaris (PV) at active Th2 mediated stage.  
B – Suprabasal acantholysis of PV. “Row of tombstones” appearance of basal layer (H + E stain). C – Indirect im-
munofluorescence revealing serum IgG4 pemphigus antibodies. D – An elderly woman taking indapamide with 
pemphigus foliaceus (PF) relapse at active Th2 mediated stage. E – Subcorneal acantholytic separation of PF (H + E 
stain). F – Direct immunofluorescence of the perilesional skin revealing IgG4 pemphigus deposits in interfollicular 
and intrafollicular epithelium
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sociations arising from such literature may con-
tribute to better care of patients by diminishing 
side-effects of the intensive treatment.

Here, the data of pemphigus patients regard-
ing AH and taking potentially noxious drugs were 
statistically analyzed in the setting of a Polish uni-
versity dermatology department.

Material and methods

Medical histories of pemphigus patients (40 ad- 
missions of 24 female patients – 13 PV, 11 PF;  
and 102 admissions of 38 male patients – 24 PV, 
14 PF) diagnosed immunopathologically with di-
rect immunofluorescence showing the pemphigus 
“fishing net” pattern of IgG deposition or “dew 
drops on spider web” pattern of IgG4 deposition 
in PV/PF and indirect immunofluorescence [2], 
and at the biochemical-molecular level (serum IgG 
anti-DSG1 and anti-DSG3 ELISA), admitted to the 
Department of Dermatology, Poznan University 
of Medical Sciences (Poznan, Poland) in the years 
2005–2012, were analyzed.

Statistical analysis

Statistical analysis was performed with Graph-
Pad software (Graphpad InStat, USA).

Results

Of 142 admissions of PV/PF patients, 62 (42.96%) 
were patients with AH. Among 37 PV patients,  
16 (43.24%) suffered from AH – 11 (29.73%) 
male, 5 (13.51%) female. Among 25 PF patients, 
15 (60.00%) suffered from AH – 8 (32.00%) male, 
7 (28.00%) female. The median number of admis-
sions per patient was 2.708 (1–6 admissions) for 
PF and 1.947 (1–25 admissions) for PV. During 
PV/PF treatment, 3 (8.02%) PV and 3 (12.00%)  
PF male patients developed AH. Ten of 16 (62.50%) 
AH-positive PV patients received known PV-trig-
gers/sustainers 11 times (1–3 per patient). Four-
teen of 15 (93.33%) AH-positive PF-patients re-
ceived known PF-triggers/sustainers 21 times  
(1–3 per patient). The differences in numbers of 
patients taking potentially culprit drugs in PV and 
PF were insignificant (GraphPad, USA) – Fisher’s 
exact test: p = 0.0829; Yates’ χ2 test: p = 0.1048. 
The most frequently used culprit drugs were rami-
pril in PV and enalapril in PF (Table I). On average, 
each PV/PF AH-positive patient received 3.161 dif-
ferent antihypertensives in his/her history of ad-
missions (2.155 antihypertensives per admission).

Discussion

Pemphigus vulgaris and PF are severe auto-
immune disease of mucous membranes and skin 
affecting predominantly middle-aged individuals 

and having numerous peculiarities of their clini-
cal features [2, 6, 22–25]. Both diseases require 
immunosuppressive treatment, favorably with in-
dividualized drugs optimally tailored for each pa-
tient instead of non-selective glucocorticosteroids 
(GCSs) [26].

Many hypotheses could be coined how drugs 
could facilitate pemphigus. Interestingly, chemi-
cally and structurally diverse drugs may generally 
contribute to one pemphigus form. It was specu-
lated that the clinical form and prognosis of DIP 
depend on mechanism of action of the drug [20]. 
Thiols usually induce PF, whereas non-thiols usu-
ally provoke PV, clinically indistinguishable from 
proper PV, which rarely remits after cessation of 

Table I. Antihypertensives taken by pemphigus vul-
garis/pemphigus foliaceus patients

Antihypertensive/class 
of drug

Number of patients

Pemphigus 
vulgaris

Pemphigus 
foliaceus

b-Blockers

Bisoprolol 4 5

Angiotensin-converting enzyme inhibitors:

Captopril 3* 3*

Enalapril 3* 5*

Metoprolol 5 2

Perindopril 3 1

Ramipril 5* 2*

Angiotensin II receptor blockers:

Candesartan 1 0*

Losartan 4 1

Valsartan 1 1

Calcium channel blockers:

Amlodipine 4 5

Thiazides and thiazide-like drugs:

Hydrochlorothiazide 1 2*

Indapamide 5 4*

Aldosterone antagonists:

Spironolactone 4 2

Epithelial sodium channel blockers:

Amiloride 2 0

Loop diuretics:

Furosemide 1 3

Torasemide 1 1

*DIP-associated drug according to literature.
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the drug [20]. Our study shows that the prevalence 
of drug-related PV and drug-related PF seems to 
be equal, yet the relation was based only on lit-
erature data and did not analyze possible diverse 
mechanisms of drug actions. For many years thiols 
were considered principal pemphigus-associated 
drugs, while in recent years the possibility of the 
offending role of amides has been raised [27, 28]. 
It is possible that drugs or their metabolites bind 
proteins, thus forming haptens stimulating T- and 
B-cell responses towards loss of self-tolerance or 
modify keratinocyte desmosomal autoproteins in 
a way that results in forming neoantigens. Inhibi-
tion of enzymes responsible for cell-cell adhesion 
(e.g. keratinocyte transglutaminase by thiols [29]), 
activation of acantholytic enzymes (e.g. acetylcho-
linesterase by thiol radical of angiotensin-convert-
ing enzyme inhibitors (ACEi) [7, 29, 30]) and cell 
adhesion disturbance by formation of thiol-cys-
teine bonds instead of cysteine-cysteine bonds 
could speculatively contribute to the loss of al-
tered protein functionality [29, 31]. Also drug-as-
sociated autoimmunity may theoretically follow 
the shift in cytokine profile from Th1- to Th2-de-
pendent [32, 33]. It was proposed that phenolic 
drugs could release tumor necrosis factor (TNF) 
and interleukin-1, indirectly influencing the plas-
minogen activator that participates in acanthol-
ysis [34, 35]. On the other hand, genetic factors 
must play a role in development of such autoim-
munity, as not every patient treated with a  sus-
pected drug is prone to develop pemphigus, and 
not every drug with a suspected radical has been 
described as offensive (e.g. diltiazem, without any 
report on noxiousness in PV/PF, contains an amide 
group). The understanding of the impact of such 
drugs on the immune system in pemphigus is lim-
ited by the rarity of the disease itself. Thus, the 
biological model of drug-induced and drug-exac-
erbated pemphigus should be studied for further 
insight into this relationship. The fact that seems 
worth noting is that pemphigus does not devel-
op naturally in mice. Furthermore, the set of mice 
desmosomal cadherins differs from the human 
set [36]. However, both diseases (PV/PF) naturally 
develop in dogs, and the relation of pemphigus to 
veterinary drugs seems not to be uncommon [37].

The active thiol group was the first chemical 
group suspected of inducing PV/PF. It is consid-
ered to bind DSGs, thus making them immuno-
genic [17–19, 38–40]. On the other hand, some 
researchers argue that thiol groups in vitro may 
alone cause acantholysis without raising an au-
toimmune response [41, 42]. Pemphigus-like au-
toantibodies may occur also in other conditions 
without PV/PF [8, 43–45], and such autoantibod-
ies are sometimes absent in serum of DIP [8, 46]. 
In PV, autoantibodies to DSGs (mainly IgG1 and 
IgG4 subclasses of different tissue and antigen-

ic specificity [47]) may be both pathogenic and 
nonpathogenic [48, 49]. It is an interesting issue 
as IgG4 autoantibodies, which are dominant in 
the active Th2-mediated stage of the disease, 
are heterobivalent – they possess the capacity of 
“Fab-arm exchange” with other IgG4 antibodies 
[47, 50]. This feature may contribute to the de-
velopment of PV/PF due to the epitope spreading 
phenomenon [51], yet once the specific epitope 
is targeted, the epitope spreading seems not to 
influence the PV course [52].

ACEi, lowering intracapillary pressure by ven-
odilatation [15], as confirmed in our study, seem 
to be the most often reported antihypertensive 
pemphigus-associated drugs in both PV (captopril 
[9, 19, 53], enalapril [10], fosinopril [9], cilazapril 
[11], quinapril [54], benazepril [55] and ramipril 
[6]) and PF (captopril [19, 56, 57], enalapril [58], 
fosinopril [31, 54], cilazapril [59], lisinopril [12], 
ramipril [60]). Some of the ACEi contain an active 
thiol group (captopril and zofenopril), some could 
possibly serve as masked thiols (e.g. spirapril), 
while all possess an active amide group in their 
compounds [27, 59, 61], which makes them po-
tentially noxious for PV/PF patients. Interestingly, 
it has been shown that ACEi can induce circulating 
antibodies directed to antigens of the superficial 
epidermal cells in 52.38% of sera of non-pemphi-
gus individuals [45]. These drug-induced PV/PF 
autoantibodies (e.g. with captopril) were shown to 
be characterized by the same antigenic specificity 
at a molecular level, as autoantibodies from PV/PF 
patients [19, 62].

Angiotensin II receptor blockers (ARBs, sartans), 
widely prescribed as a substitute for ACEi, were re-
ported as possible triggers/sustainers in one case 
of PF in a woman taking candesartan and telmis-
artan [13]. It is speculated that these non-thiol, 
non-phenol drugs may induce loss of keratinocyte 
adhesion and autoantibody production via indi-
rect immune mechanisms rather than via direct 
biochemical modifications of the antigens [13]. It 
may be advisable not to use these drugs for AH 
treatment in PF patients.

Calcium channel blockers (Ca-blockers) act by 
paralyzing the precapillary sphincter, thus causing 
dilatation of arterioles and increasing intracapil-
lary pressure [15]. Among this group of antihyper-
tensives, nifedipine was reported to be the cul-
prit of both PV [63] and PF [64, 65]. It is debated 
whether individual predisposition to develop pem-
phigus or pemphigoid after nifedipine treatment 
depends on genetic factors [65, 66]. Ca-blockers 
may affect the desmoglein turnover, as they are 
desmosomal cadherins – calcium-dependent ad-
hesive molecules [7]. There is also one case of 
PV in a pregnant woman treated with verapamil 
(non-dihydropyridine Ca-blocker) and methyldopa 
(aromatic-L-amino acid decarboxylase inhibitor, 
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DOPA decarboxylase inhibitor), with an uncon-
firmed causative relation [67]. However, meth-
yldopa has a phenol radical, which could place the 
drug in the non-thiol phenol drug category.

Thiazides, by inhibiting electrolyte transport at 
diluting sites of the cortex, decrease the glomeru-
lar filtration rate and increase the proximal water 
reabsorption. Indapamide, a thiazide-like diuretic 
antihypertensive drug, was reported as a possible 
cause of PF [14]. It is characterized by the pres-
ence of a sulfur atom and an amide radical [20]. 
There is only one report on PF with a possible role 
of a b-blocker-thiazide composite drug (bisopro-
lol-hydrochlorothiazide [68]).

The DIP issue can be complicated still further 
by increasingly frequent usage of combined an-
tihypertensive medications which might contain 
DIP-associated drug/s and not DIP-associated 
drug/s. The fact that most patients use poly-
pharmacotherapy and that the culprit drug often 
needs time to act makes tracking this peculiar 
medicament a challenge. The identification of DIP 
agents should be done ex vivo with a lymphocyte 
transformation test [69] or an interferon-g (INF-g) 
release test [55], while desmoglein immunolabel-
ing [70] might be helpful for identifying DIP cases 
as such.

Oral GCSs and intravenous GCS pulse ther-
apy, still the mainstay of pemphigus therapy in 
many centers, may lead to impaired glucose me-
tabolism and may raise the blood pressure (BP). 
Some of the patients included in our retrospec-
tive study were repeatedly admitted to the ward 
with PV/PF aggravation until they had their anti-
hypertensives changed and obtained temporary 
or permanent PV/PF remission. This study shows 
that AH was a serious problem in 42.96% of PV/
PV patients, and about 10% of them developed 
AH at the time of treatment (due to the GCS or in-
dependently). Thus, the number of antihyperten-
sives introduced per AH patient (on average, each 
PV/PF AH-positive patient received 3.161 differ-
ent antihypertensives in his/her history of admis-
sions) may interfere with the disease course. This 
may lead to a  vicious circle, as high BP treated 
with a  noxious antihypertensive aggravates PV/
PF symptoms, and leads to enhancing the dose 
of GCSs to control the disease, yet raising the BP. 
Therefore, the clinician may be misled, expecting 
that a  higher dose of antihypertensive or addi-
tional drug will lower the BP. The inadequate an-
tihypertensive worsens the patient’s state if the 
drug is a known PV/PF trigger/sustainer. Thus, it 
is worth emphasizing that elimination of possible 
triggers/sustainers in PV/PF patients may allevi-
ate the clinical manifestations and enable reduc-
tion of the dose/range of medications [5] regard-
less of PV/PF form. To support this suggestion, 
the AH-positive PV patient included in this study, 

after cessation of ramipril, still remains in clini-
cal and molecular long-lasting remission without 
any maintenance treatment [6]. Another patient 
drinking red wine, as it contains apparently ben-
eficial natural red wine phenols, e.g. resvera-
trol, for years, who developed PV, also remains 
in long-lasting remission, after cessation of red 
wine intake, on just low dose oral GCS (alternate 
day 4 mg methylprednisolone) [71].

Importantly, drugs containing the same active 
substances as their brand name products vary in 
descriptions of side effects provided by the pro-
ducers – some do list the PV/PF while others do 
not, which does not help the clinician to make 
a wise choice of the harmless antihypertensive. 
As every day new articles appear in biomedical 
databases, it is reasonable to check in each case 
of PV/PF possible triggers and replace all poten-
tially offending drugs with those unreported in 
published DIP cases to optimize management of 
the patient according to accepted strategies [72].

Still, there might be multifactorial, e.g. malig-
nancy and antihypertensives, causes of pemphi-
gus triggering/exacerbation, as apparently in an 
elderly woman with a  history of taking ramipril 
and indapamide with relapsing PF in whom low 
grade appendiceal mucinous neoplasm (pseudo-
myxoma peritonei) with metastasis to the right 
ovary and omentum was diagnosed [73].

We propose here that the still inadequate-
ly charted issue of DIP should be subdivided at 
least into the five categories: triggering of pem-
phigus autoimmunity by DIP-associated drugs 
without clinically overt pemphigus, DIP triggered 
exclusively by DIP-associated drugs, DIP trig-
gered multifactorially including DIP-associated 
drugs, pemphigus triggered by non-DIP-associ-
ated drugs with the course modified by DIP-as-
sociated drugs, and idiopathic pemphigus with 
the course modified by DIP-associated drugs. 
Such a categorization might benefit patients, as 
they have variable severity and prognosis of their 
pemphigus, by individualizing their management 
strategies. 

In conclusion, drug triggering, among other fac-
tors, should be suspected in every case of newly 
diagnosed or exacerbated pemphigus. PV-related 
antihypertensives constitute ACEi, Ca-blockers 
and methyldopa, while PF-related antihyperten-
sives are ACEi, ARBs, Ca-blockers, thiazide-like 
diuretics and b-blocker-thiazide combinations. 
The AH is a serious problem in nearly half of PV/
PF patients, and our data suggest that about 10% 
of them may develop AH during PV/PF treatment. 
The choice of proper antihypertensives in PV/PF 
patients in every case should be supported by up-
to-date medical literature, as new data on pem-
phigus triggering constantly appear.
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