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Autoimmune Mucocutaneous

Intraepidermal Blistering
(Pemphigus group):

- pemphigus vulgaris (PV)
- pemphigus foliaceus (PF)

Blistering Disesases

Subepidermal Blistering
(Pemphigoid group):

- bullous pemphigoid (BP)

- mucous membrane pemphigoid
(MMP; a.k.a. cicatricial pemphigoid)
- pemphigoid (herpes) gestationis

- linear IgA dermatosis

- epidermolysis bullosa acquisita

- bullous lupus erythematosus

- lichen planus pemphigoides

- dermatitis herpetiformis



Pemphigus Vulgaris

Distribution: oral mucous membranes and skin
Fragile bullae lead to shallow erosions that do not heal
Biopsy: acantholytic suprabasal blisters

Direct immunofluorescence biopsy studies: 1gG
deposited in the intercellular space around epidermal

cells

Indirect immunofluorescence: anti-keratinocyte cell-
surface antibodies

ELISA: anti-desmoglein 1 and/or 3 antibodies
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Pemphigus Foliaceus
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DIF

Pemphigus Immunofluorescence




Pemphigus Immunofluorescence: IIF

human skin



Dogrmar:

Various types of pemphigus and their target antigens

Types ADb Target Ag

Classic pemphigus

1. Pemphigus vulgaris (mu- IgG  Dsg 3 (130 kDa)
cosal dominant type)

2. Pemphigus vulgaris (mu- IgG Dsg 3
cocutaneous type) Dsg 1 (160 kDa)

3. Pemphigus foliaceus IgG Dsg 1



Controversyy :

Various types of pemphigus and their target antigens

Types Ab  Target Ag
Classic pemphigus
1. Pemphigus vulgaris (mu- IgG  Dsg 3 (130 kDa)

cosal dominant type)
Q. Pemphigus vulgaris (mu- IgG Dsg 3
cocutaneous type) Dsg 1 (160 kDa)

3. Pemphigus foliaceus IgG Dsg 1




DESMOGLEIN COMPENSATION HYPOTHESIS:

VA




DESMOGLEIN COMPENSATION HYPOTHESIS:

VA




DESMOGLEIN COMPENSATION HYPOTHESIS:

Not seen in PV



Pemphigus autoantibody profile
by high resolution immunoprecipitation

0 Immunoprecipitation assay (7.5% SDS-PAGE)
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Pemphigus Vulgaris Autoantibody Profiling by
Proteomic Technique
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Abstract

Pemphigus vulgaris (PV) is a mucocutaneous blistering disease characterized by IgG autoantibodies against the stratified
squamous epithelium. Current understanding of PV pathophysiology does not explain the mechanism of acantholysis in
patients lacking desmoglein antibodies, which justifies a search for novel targets of pemphigus autoimmunity. We tested
264 pemphigus and 138 normal control sera on the multiplexed protein array platform containing 701 human genes
encompassing many known keratinocyte cell-surface molecules and members of protein families targeted by organ-non-
specific PV antibodies. The top 10 antigens recognized by the majority of test patients’ sera were proteins encoded by the
DSC1, DSC3, ATP2C1, PKP3, CHRM3, COL21A1, ANXA8L1, CD88 and CHRNE genes. The most common combinations of
target antigens included at least one of the adhesion molecules DSC1, DSC3 or PKP3 and/or the acetylcholine receptor
CHRM3 or CHRNE with or without the MHC class Il antigen DRA. To identify the PV antibodies most specific to the disease
process, we sorted the data based on the ratio of patient to control frequencies of antigen recognition. The frequency of
antigen recognition by patients that exceeded that of control by 10 and more times were the molecules encoded by the
CD33, GP1BA, CHRND, SLC36A4, CD1B, CD32, CDH8, CDH9, PMP22 and HLA-E genes as well as mitochondrial proteins
encoded by the NDUFS1, CYB5B, SOD2, PDHA1 and FH genes. The highest specificity to PV showed combinations of
autoantibodies to the calcium pump encoded by ATP2C1 with C5a receptor plus DSC1 or DSC3 or HLA-DRA. The results
identified new targets of pemphigus autoimmunity. Novel autoantibody signatures may help explain individual variations in
disease severity and treatment response, and serve as sensitive and specific biomarkers for new diagnostic assays in PV
patients.
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Sensitivity test: top 25 antigens

[1] HLA-DRAV2 major histocompatibility complex, class Il, DR alpha
[2] Dsc3-vi desmocollin 3 isoform Dsc3a preproprotein

[3] DscC1 desmocollin 1 isoform Dscla preproprotein

[4] ATP2C1-V4  ATPase, Ca++ transporting, type 2C,

[5] PKP3 plakophilin 3

“6] CHRM3 choAIinergic receptor, muscarinic 3

[7] ' COL21A1V2 collagen, type XXI, alpha 1

[8] ANXAS8L1 annexin A8 like 1

[9] CD88, C5AR1 complement component 5a receptor 1 (C5AR1)

[10] ChrnE-B nicotinic acetylcholine receptor epsilon

[11] ITGA2 integrin alpha 2 precursor

[12] PCDH12 protocadherin 12 precursor

[13] CD1D CD1d molecule

[14] ITGB5 integrin, beta 5

[15] HLA-DQB1  major histocompatibility complex, class I, DQ beta 1
[16] COL2A1 collagen, type Il, alpha 1

[17] CD59 CD59 molecule, complement regulatory protein

[18] DSG3-EC4 desmoglein 3 preproprotein

[19] CD44 CD44 molecule (Indian blood group)

[20] CD80 CD80 molecule

[21] chrM1-a cholinergic receptor, muscarinic 1 .
[22] ANXAS5 annexin 5

[23] HLA-DQA1  major histocompatibility complex, class Il, DQ alpha 1
[24] CD23, FCER2 Fc fragment of IgE, low affinity Il, receptor for (CD23)
[25] ITGB3BP-V1 integrin beta 3 binding protein

B — PV patients

Bl — control




Pemphigus without anti-Dsg 1/3 antibodies

If non-Dsg antibodies alone were responsible for some cases of PV, one would expect to see a certain number
of cases of acute PV with positive anti-keratinocyte antibodies by direct and/or indirect immunofluorescence
but negative by Dsg 1/3 ELISA.

This was indeed the case in a number of studies. Different authors reported 5% (1), 6% (2), 9% (3), 10% (4),
17% (5), 19% (6) and even 33% (7) of PV patients lacking both anti-Dsg 1 and anti-Dsg 3 antibodies by ELISA.

1. Sharma et al. Int J Dermatol 2006, 45:518

2. Giurdanella et al. Br J Dermatol 2016, 175:185

3. Jamora et al. JAm Acad Dermatol 2003, 48:976

4. Belloni-Fortina et al. Clin Dev Immunol 2009, 2009:187864
5. Cozzani et al. Eur J Dermatol 2013, 23:40

6. Zagorodniuk et al. Int J Dermatol 2005, 44:541

7. Sardana et al. Br J Dermatol 2013, 168:669



Non-Dsg PV AuAbs are pathogenic in neonatal BALB/c mice
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The 1gG fractions from sera of 12 anti-Dsg1/Dsg3 AuAb-negative acute PV patients were injected subcutaneously to 1-day old
BALB/c mice, and the pups were examined 24 hrs later.



The effects of absorption of sera of Dsg1/3 antibody-negative PV
patients with recombinant autoantigens on skin blistering

Dsc3-absorbed M3AR-absorbed SPCAl-apsorbed eAR-absorbed
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Natural Course of Pemphigus

Prior to the introduction of an effective therapy with oral corticosteroids in
the 1950s, the disease had a dismal natural course with a 50% mortality rate
at 2 years and 100% mortality rate by 5 years after the onset of the disease.



Natural Course of Pemphigus

The mortality rate now Is estimated at about 5% and death is almost
iInvariably due to the complications of therapy.



Bullous Pemphigoid

Distribution: generalized
Tense blisters

Individual lesions heal spontaneously while new blisters
continue to appear

Biopsy: subepidermal blister

DIF biopsy studies: 1gG and C3 in a linear pattern at the
dermal-epidermal junction

Indirect immunofluorescence: anti-basement membrane
zone antibodies

ELISA: anti-BP antigen 180 and/or 230 antibody




sSullous Pemphigoid




Bullous Pemphigoid







Mucous Mermbrane Pemphigoid




"Cicatricial” Pemphigoid




Bullous Pemphigoid




Bullous Pemphigoid: DIF

JpliU hsc.utah.edu




Sullous Pemphigoid: IIF on salt split skin




Pemphigoid Antibodies

Patients with clinically distinct subepidermal bullous dermatoses produce
autoantibodies to the same adhesion molecules/epitopes:

Anti-BPAG1 (230 kDa) antibody was found in patients with:
Abullous pemphigoid

Alichen planus pemphigoides

Alinear IgA dermatosis

Amucous membrane pemphigoid

Apemphigoid gestationis

Aparaneoplastic autoimmune multiorgan syndrome (a.k.a. PNP)

Anti-BPAG2 (180 kDa) antibody—in patients with:
Abullous pemphigoid

Alichen planus pemphigoides

Alinear IgA dermatosis

Amucous membrane pemphigoid

Apemphigoid gestationis

Apemphigus vulgaris



Potentially curative treatment of
pemphigus and pemphigoid



Anti-keratinocyte autoimmunity in pemphigus

B (plasma)-cells

Acantholysis



Anti-keratinocyte autoimmunity in pemphigus
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Anti-keratinocyte autoimmunity in pemphigus
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Anti-keratinocyte autoimmunity in pemphigus
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Multidrug treatment protocol

— systemic corticosteroids: prednisone taper
¢ resistance of AN D
keratinocytes to

AuAbs — mitochondrion protection: minocycline
(doxycycline)+ niacinamide (nicotinamide)

elimination of

AuAbs — Mg (in the past: plasmapheresis or plasma
exchange)

— cytotoxic immunosuppressors (anti-metabolite or
alkylating agents or ant-CD20)




Multidrug treatment protocol

& resistanceof  — gystemic corticosteroids (prednisone taper)

keratinocytes to
AuAbs

THE JOURNAL OF BIOLOGICAL CHEMISTRY Vol. 279, No. 3, Issue of January 16, pp. 2135-2146, 2004
© 2004 by The American Society for Biochemistry and Molecular Biology, Inc. Printed in U.S.A.

Pemphigus Vulgaris IgG and Methylprednisolone Exhibit
Reciprocal Effects on Keratinocytes®

Received for publication, August 14, 2003, and in revised form, November 4, 2003
Published, JBC Papers in Press, November 4, 2003, DOI 10.1074/jbc.M309000200

Vu Thuong Nguyeni, Juan Arredondoi, Alexander I. Chernyavsky#, Yasuo Kitajimas,
Mark PittelkowT, and Sergei A. Grandoi|

Methylprednisolone increased the protein levels of E-cadherin
and Dsg 1 and 3 by 300, 180, and 40%, respectively.



Multidrug treatment protocol

& resistance of — systemic corticosteroids (prednisone taper)
keratinocytes to
AuAbe PEMPHIGUS
and
PEMPHIGOID
WALTER F. LEVER, M.D. Asome patients respond well to moderate doses of prednisone (1 mg/kg/day),

others require higher doses. If there is an insufficient response after 10 days, the
dose is increased by 30%.

Prefesor of Dermatoligy and Chaivman of the Depe

Aonce control of disease is achieved (lack of new lesions, epithelialization of
existing erosions and negative Nikolskiy sign), the prednisone dose is decreased
i n a "l ogarithmi c chrrensdoseevery 3viegks.2 5% of t

(l"\“l.l‘..\ C THOMAS * PUBLISHER
Springfield *  Ninois * U.S. A




Multidrug treatment protocol

& resistanceof ~— Mitochondrion protection (minocycline &
keratinocytes to

AuAbs nicotinamide)

The mitochondrion is a common target of disease pathophysiology
in pemphigus and pemphigoid

Sergei A. Grando

Department of Dermatology, University of California, Irvine, CA, USA
Corresporidence: Sergei A, Grando, MD, PhD, DSe, University of California Irvine, 134 Sprague Hall, Irvine, CA 92697, USA, Tel: +1-949-824-
2713, Fax: +1-949-824-2993, e-mail: sgrando@uciedu

Exparimantal Dammatology, 2015, 24, 655-656




Multidrug treatment protocol

Effect of IVig on levels of pemphigus (intercellular; IC)

elimination of and total lgG antibodies
AuAbs — Wlfgg
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Days from initiation of IVIg treatment



Multidrug treatment protocol

Effect of IVig on levels of pemphigus (intercellular; IC)

elimination of and total lgG antibodies
AuAbs — |V|g
180 T ~ 3.30
= — IC IgG titer S
© w0 T — Total IgG ~ [2* E
u 2
< - ! 9
= 1 250 -]
[, >
o —
© 60 [ L 2.10 %
= ©
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0 3 5 7 10 13

Days from initiation of IVIg treatment

Feedback mechanism maintains individual antibodies at a constant serum level. Selective elimination of
AuAbs mayleadtoafi r e b o u n dduedofstimulationoof AuAb-producing cells. Its prevention requires co-

administration of a cytotoxic immunosuppressor.



Multidrug treatment protocol

Effect of cytotoxic drug on IVig induced

prevention of _ decrease in IC Ab
AuAb production — CYytotoxic

immunosuppressors

cyclophosphamide
—&— azathioprine

® - Nnoimmunosuppressors

Combining 1VIg with of a cytotoxic
immunosuppressor prevents compensatory
overproduction of pathogenic autoantibodies
triggered via negative feedback by their
selective elimination.
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Multidrug treatment protocol

International Journal of

Dermatology 2019:;58:114-125
Retrospective analysis of a single-center clinical experience
toward development of curative treatment of 123 pemphigus
patients with a long-term follow-up: efficacy and safety of the
multidrug protocol combining intravenous immunoglobulin
with the cytotoxic immunosuppressor and mitochondrion-
protecting drugs

Sergei A. Grando, MD, PhD, DSc

prednisonée
-0—0—0——0—@-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2021 22 23 24 months

an immunosuppressive cytotoxic drug, minocycline (doxycycline), niacinamide

IVIg - 2 g/kg/month



Multidrug treatment protocol

The HEW ENGLAND TOURMNAL of MLDICIKNL

R cytotoxic ‘ ORIGINATL ARTICLE ‘
immunosuppressors

Treatment of Pemphigus Vulgaris with
Rituximab and Intravenous Immune Globulin

A Razzague Ahrred, M.D., Zachary Spigelman, M.D., Lisa A Cavacink Ph.D.,
and Marshall R. Posner, M.D.

N Engl ] Mled 200:6;355:1772-0.

15t Month —Week 1,2, 3, 4 —— RTX 375 mg/m?
Week 4 ————3 |VIg cycle

2r Month — Week 5,6, 7,8 ——» RTX 375 mg/m?
Week § ——— > |VIg cycle

Jrd 4t 5Hth gth Months ————3 Once a month RTX + Vg
Total of 12 infusions of RTX during 6 month period
Monthly cycle of IVIg until B cells counts return to normal

Then IVig at6, 8, 10, 12, 14, 16 wks interval




Multidrug treatment protocol

International Journal of
Dermato[ogy 2019;58:114-125

Retrospective analysis of a single-center clinical experience
toward development of curative treatment of 123 pemphigus
patients with a long-term follow-up: efficacy and safety of the
multidrug protocol combining intravenous immunoglobulin
with the cytotoxic immunosuppressor and mitochondrion-
protecting drugs

Sergei A. Grando, MD, PhD, DSc

@ Vig- 2 g/kg/ month
‘ RTX - 375 mg/ m?body surface

prednisone

continue as w/o RTX

123 456 7 8 910 111213 14 1516 17 18 19 2021 22 23 24 weeks

minocycline, niacinamide




Multidrug treatment protocol

Treatment of pemphigus and pemphigoid patients with the multidrug protocol
leads to the following clinical outcomes:

A abrupt cessation of devel opment of
A prompt disappearance of the functio
A complete clinical remission

A prevention of fl ares

A |l ack of serious side effects
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