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Summary

Pemphigus vulgaris (PV) is an autoimmune blistering disease that affects the
skin and multiple mucous membranes, and is caused by antibodies to desmo-
glein (Dsg) 1 and 3. Natural killer (NK) cells have a role in autoimmunity, but
their role in PV is not known. NK cells in the peripheral blood leucocytes
(PBL) of 15 untreated Caucasian patients with active PV were studied
and compared with healthy controls for the expression of major histo-
compatibility complex (MHC) class II and co-stimulatory molecules.
CD56+ CD16- CD3- NK or CD56+ CD16+ CD3- NK cells from the PBL of PV
patients co-express MHC class II and co-stimulatory molecule B7-H3 without
exogenous stimulation. CD4+ T cells from the PBL and perilesional skin of PV
patients were co-cultured with CD56+ CD3- NK cells from the PBL of the
same patients; in the presence of Dsg3 peptides underwent statistically sig-
nificant proliferation, indicating that NK cells functioned as antigen-
presenting cells. Supernatants from these co-cultures and serum of the same
patients with active PV had statistically significantly elevated levels of inter-
leukin (IL)-6, IL-8 and interferon-g, compared with controls indicating that
the NK cells stimulated CD4+ T cells to produce proinflammatory cytokines.
In these experiments, we present preliminary evidence that NK cells may play
a role in the pathobiology of PV.

Keywords: B cell, MHC class II, natural killer cells, T lymphocyte

Accepted for publication 12 February 2008

Correspondence: A. R. Ahmed, Center for Blis-

tering Diseases, Department of Medicine, New

England Baptist Hospital, Boston, MA, USA.

E-mail: arahmedmd@msn.com

*These authors contributed equally to this

work.

Introduction

Pemphigus vulgaris (PV), is an autoimmune blistering
disease which affects the skin and multiple mucous mem-
branes [1,2]. It is mediated by autoantobodies to desmoglein
(Dsg) 1 and 3 [3,4]. The transplacental transfer of maternal
autoantibodies causes transient blisters in newborns [5].
Sera of PV patients containing these autoantibodies produce
blisters when injected into neonatal mice [4]. Hence, it is
considered an autoantibody-mediated disease.

The binding of antidesmoglein antibody to Dsg results in
biochemical and cellular processes that lead to acantholysis,
which manifests as an intraepidermal vesicle or blister [1].
Investigators have shown that CD4+ T cells, in the presence of
antigen-presenting cells (APC), undergo stimulation by
Dsg3 and/or Dsg3 peptides [6,7], indicating a role for T cells
in autoantibody production.

Natural killer (NK) cells are characterized phenotypically
as CD56+ CD3–. The majority of NK cells (~90%) express

CD56dim and CD16+ and are known to mediate antibody-
dependent cellular cytotoxicity [8,9]. They also express
CXCR1, CX3CR1 chemokine receptors and are recruited to
sites of inflammation [10]. CD56dim NK express a wider
variety of inhibitory NK cell receptors (NKR) and lacks
L-selectin and CCR7 [11,12]. The minority of NK cells
(~10%) are phenotypically CD56bright CD16- [10]. CD56bright

express the interleukin (IL)-2 receptor and secrete high levels
of interferon (IFN)-g [13], homing molecules such as
l-selectin, CXCR3 and CCR7 [11,12] and NKR [14], and
have a greater role in cytokine production [13,15].

In this study we report the identification and some of the
functional characterizations of both subsets of NK cells in
the peripheral blood and cutaneous lesions of patients with
PV. These subsets of NK cells expressed major histo-
compatibility complex (MHC) class II molecules and the
co-stimulatory molecule B7-H3. When CD4+ T cells from
the peripheral blood and perilesional skin of PV patients are
co-cultured with these NK cells in the presence of Dsg3
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peptides, cytokines and chemokines are detected in the
supernatants. A similar profile of cytokines and chemokines
is observed in the sera of PV patients with active disease. In
this paper we study the hypothesis that the cellular and
molecular interaction of the combination of NK, CD4+ T
cells and Dsg1 and 3 influences the microenvironment of the
skin and mucosal tissues during the preclinical stage. These
cells, in concert, then influence the bone marrow, spleen or
lymph nodes, where these responses may be amplified many-
fold. Thus these events may be the precursors to the clinical
manifestations of PV and may play a role in the subsequent
clinical stages.

Materials and methods

Patients

Fifteen Caucasian patients presented in this study were
treated at the Center for Blistering Diseases, Boston, MA.
The ages ranged from 50 to 70 years (mean 57 years). The
diagnosis of PV was based on clinical profile, an intraepider-
mal vesicle with suprabasilar acantholysis on the histology
and deposition of immunoglobulin G (IgG) on the
keratinocyte cell surface on direct immunofluorescence. All
patients had severe disease. Sera of all the patients had high,
but variable, titres of IgG4 antibodies to keratinocyte
cell surface using monkey oesophagus as substrate [16]
(Table 1). Patients with severe and moderately severe disease
were chosen because it was felt that if changes in NK cells
were present, they would most probably be seen in such
disease severity. The 15 patients presented in the study have
not been reported in any previous publication. Controls

included 15 age- and sex-matched normal human volunteers
who did not have any known autoimmune disease. An insti-
tutional review board approved the study and informed
written consent was obtained from all the patients.

Desmoglein 3 peptides

Two Dsg3 peptides used were synthesized by Sigma-Aldrich
(St. Louis, MO, USA) to 95% purity: Dsg3 (96–112) [7] and
Dsg3 (190–204) [2], with free acids at both the N- and
C-termini.

Flow cytometry staining and cell sorting of NK and
CD4+ T cells from peripheral blood and skin biopsies
of PV patients and control subjects

Peripheral blood leucocytes (PBLs) from PV patients
and control subjects were stained with different combi-
nations of anti-human monoclonal antibodies: CD16-Cy-
Chrome, CD16-peridinin chlorophyll (PerCP) or CD16-
phycoerythrin (PE), CD56-PE-Cy7, CD56-PE-Cy5 or
CD56-PE or CD56-Alexa 700, CD20-fluorescein isothiocy-
anate (FITC) or CD20-APC, CD4-APC, CD4-FITC or CD4-
PE, CD3-PerCP, CD3-Cy-Chrome or CD3-PE, CD40-PE or
CD40-APC, CD70-PE or CD70-FITC, CD81-PE, CD80-PE,
MHC class II antigens [human leucocyte antigen D-related
(HLA-DR)-DQ-DP-FITC] and isotype controls for all anti-
bodies (Pharmingen, San Diego, CA, USA). B7-H1, B7-H2,
B7-H3 (E-Biosciences, San Diego, CA, USA) and B7-H4
(Pharmingen) anti-mouse monoclonal antibodies were all
PE-conjugated. Briefly, antibodies were incubated with cells
for 45 min on ice in 1¥ phosphate-buffered saline (PBS)

Table 1. Clinical and diagnostic characteristics of pemphigus vulgaris patients.

Patient no. Sex Age of onset Clinical profile Severity* Histo† DIF‡

IIF§ ELISA¶

IgG IgG4 Dsg1 Dsg3

001 M 50 Skin, oral, nasal pharyngeal Severe + + 640 1260 118 410

002 M 52 Skin, oral, penile, larynx Severe + + 320 1260 130 359

003 F 69 Oral, pharyngeal, oesophageal, nail Severe + + 1260 2560 55 330

004 M 70 Oral, nasal, larynx Moderately severe + + 320 1280 36 437

005 F 63 Skin, oral, oesophageal Moderately severe + + 160 640 315 279

006 F 53 Oral, pharyngeal, ocular Moderately severe + + 160 320 29 283

007 F 54 Skin, nasal, oesophageal, nail Severe + + 2560 2560 310 317

008 M 51 Skin, pharyngeal, anal Moderately severe + + 640 1280 258 188

009 F 60 Skin, nasal, oesophageal Severe + + 640 640 149 210

010 M 54 Oral, pharyngeal, penile, larynx Severe + + 320 640 81 286

011 F 53 Skin, ocular, anal, larynx Severe + + 640 1280 338 276

012 F 51 Oral, nasal Moderately severe + + 320 640 73 345

013 F 55 Skin, oesophageal, larynx, nail Severe + + 2560 2560 301 336

014 M 50 Oral, pharyngeal Moderately severe + + 160 160 86 377

015 M 66 Skin, penile, ocular Severe + + 320 1280 259 162

*Severity of disease. †Histology, biopsy of lesion demonstrated suprabasilar acantholysis. ‡Direct immunofluorescence, deposition of immuno-

globulin G (IgG) on the keratinocyte cell surface of perilesional tissue. §Prior to initiation of therapy titre of pemphigus autoantibody determined by

indirect immunofluorescence using monkey oesophagus. Titre of total IgG and IgG4 reported. ¶Enzyme-linked immunosorbent assay (ELISA) using

recombinant dsg peptide in commercially available plates. Titre for desmoglein 1 (Dsg1) and Dsg3 provided.
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containing 2% FCS and 0·01 sodium azide (Sigma-Aldrich).
Cells were washed and obtained by flow cytometry using a
fluorescence activated cell sorter (FACSCalibur) (BD Bio-
sciences, Franklin Lakes, UJ, USA) and analysed by FlowJo
software (Treestar, OR, USA). A FACS Aria (BD Biosciences)
was used for cell sorting. The purity of sorted cells was
95–99% using FACS sorting. CD11c dendritic cells with CD1
markers were excluded from the population of lymphocytes
studied. Cells obtained from the perilesional skin tissues of
PV patients with active disease were processed as described
below.

Immunofluorescence microscopy of NK cells from
patients with PV

CD56bright CD16– CD3– and CD56dim CD16+ CD3– NK cells
were sorted (see above) using FACS Aria (BD Biosciences)
[17]. The purity of sorted cells was 97–99%. These cells were
reacted with CD56-Cy-Chrome and MHC class II-FITC
antibodies for 1 h on ice in 1¥ PBS containing 2% FBS
(Invitrogen, Carlsbad, CA, USA) and fixed with 1%
paraformaldehyde (Fisher Scientific, Suwanee, GA, USA).
4,6-Diamidino-2-phenylindole staining (Vector Laborato-
ries, Burlingame, CA, USA) was used to visualize nuclear
morphology. Samples were mounted on poly l-lysine coated
slides (Electron Microscopy Sciences, Hatfield, PA, USA) and
imaged using a fluorescent microscope (Nikon Eclipse,
Melville, NY, USA).

Proliferation assay of CD56+ NK cells co-cultured with
CD4+ T cell lines derived from skin lesions or PBL of
patients with PV

For preparation of T cell lines, 4-mm punch biopsies were
taken from perilesional skin of three patients with severe
active PV, three age- and sex-matched normal healthy volun-
teers, and one patient with active and severe bullous pem-
phigoid (BP). Tissues were digested with collagenase (Sigma)
in Hank’s PBS (Invitrogen) for approximately 2 h. Cells were
incubated for 3 weeks and sorted for CD4+ T cells, which were
then cultured for an additional week in complete Dulbecco’s
modified Eagle’s medium (Mediatech, Manassas, VA, USA)
containing phytohaemagglutinin (1 mg/ml) (Sigma), IL-2
(100 U) (Peprotech, Rocky Hill, NJ, USA), 1% human serum
(Invitrogen) and 10% low IgG FBS (Invitrogen).Skin biopsies
did not yield sufficient NK cells, and therefore NK cells in
these experiments were obtained from PBL from the same
patients and normal controls. Low proliferation assay counts
may be due to the small amount of blood taken from patients
with active PV (approximately 5 ml) or FACS cell sorting.
CD56+ CD16– CD3– and CD56+ CD16+ CD3– MHC class
II-positive NK cells and CD20+ B cells of PV patients and
control subjects were used in proliferation assays. These NK
cells and B cells were incubated with 10 mg of either Dsg3
(96–112) or Dsg3 (190–204) peptide for 3 h, and then irradi-

ated (3000 rad). Peptide-loaded NK cells and B cells (5 ¥ 104

per well) were co-cultured with CD4+ T cells (1 ¥ 105) from
PBL or CD4+ T cell lines (1 ¥ 105) from perilesional skin for a
total of 5 days, using 96-well round-bottomed plates in 200 ml
of RPMI-1640, supplemented with 10% low IgG FBS, 1%
human serum, l-glutamine (2 mM) (Mediatech), peni-
cillin (100 U/ml) (Mediatech), streptomycin (100 mg/ml)
(Mediatech), 2-mercaptoethanol (50 mM) (Invitrogen), non-
essential amino acids (Mediatech) and sodium pyruvate
(Mediatech). On day 4 of the cultures, 1 mCi of [3H] (Amer-
sham Pharmacia Biotech, Piscataway, NJ, USA) was added to
the cultures and cells were harvested 16 h later. The [3H]
uptake was measured by a Wallac liquid scintillation counter
(Waltham, MA, USA).

Measurements of cytokines and chemokines in
supernatants of co-culture experiments by
FACS analysis

Supernatants were obtained from CD56+ CD16– CD3–

and CD56+ CD16+ CD3– MHC class II-positive NK cells
(prepared by sorting) and CD20+ B cells incubated with CD4+

T cells, from the PBL or from the perilesional skin of the same
patient, in the presence or absence of Dsg3 peptides were
measured for levels of cytokine/chemokine production using
both inflammatory and T helper 1 (Th1)/Th2 cytokine bead
arrays (CBA) according to the manufacturer’s protocol (BD
Biosciences). Supernatants were removed from proliferation
assays on day 3 of each proliferation experiment and incu-
bated with cytokine-labelled beads for 3 h. Levels of cytokine
production were determined by FACSCalibur (BD Bio-
sciences) and analysed by CBA software (BD Biosciences).

Statistical analysis

A non-parametric analysis (Mann–Whitney U-test) using
spss version 11·5 was used to analyse statistical significance.
Additionally, an unpaired Student’s t-test and anova was
used to determine the statistical significance for all compari-
sons (StataCorp, College Station, TX, USA). A value of
P < 0·05 was considered statistically significant (*). A value
of P > 0·05 was not significant (**).

Results

Expression of MHC class II gene products on NK
cells from PV patients using FACS analysis and
immunofluorescence microscopy

One to 2·1% (mean 1·7%) of PBL from 15 patients with active
PV were CD56brightCD3– NK cells-expressed MHC class II
molecules, compared with 0·1–0·4% (mean 0·2%) in 15
normal controls (P < 0·004) by FACS analysis (Fig. 1a and b).
This difference represents a 64% increased expression level of
MHC class II molecules on these NK cells. Additionally, 3·1%
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to 5·8% (mean 4·2%) of CD56dim CD3– NK cells expressed
MHC class II gene products, compared with 0·4–0·8% (mean
0·7%) in normal controls (P < 0·004) (Fig. 1a and b). Hence it
appears that more CD56dim CD16+ NK cells have MHC class II
molecules on their cell surface in PV patients. The higher
frequency of MHC class II-bearing CD56dim CD3– cells are

due to the fact that more NK cells are CD56dim CD3– than
CD56bright CD3– in human peripheral blood. Using immuno-
fluorescence analysis in three PV patients it was demonstrated
that NK cells, sorted for CD56bright CD16– CD3– and
CD56dim CD16+ CD3– markers, co-expressed HLA-DR-
DP-DQ molecules on the cell surface (Fig. 1c).
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Fig. 1. Frequency distribution and detection of major histocompatibility complex (MHC) class II molecules on natural killer (NK) cells in patients

with pemphigus vulgaris (PV), compared with normals, by fluorescence activated cell sorter (FACS) and immunofluorescence microscopy.

(a) Representative demonstration of presence of MHC class II molecules on NK cells. The FACS analysis of peripheral blood leucocytes (PBLs) from

two representative PV patients of 15 with active disease, and two 15 normal controls are presented. NK cells consist of two separate populations,

CD56bright CD16– CD3– and CD56dim CD16+ CD3–. Both subsets of CD56+ NK cells demonstrated surface binding with antibodies to MHC class II mol-

ecules. The lower quadrant of the grid represents CD56dim NK cells. The frequency of expression of MHC class II molecules is significantly higher in PV

patients compared with normal controls (P < 0·001). However, it is similar in both NK cell populations. (b) Histogram representation of the observa-

tions in (a). Instead of only using two representative patients’ data, the FACS analysis of PBL from all 15 PV patients and all 15 normal controls are

presented. The y-axis represents the percentage of MHC class II molecule bearing cells from both the CD56bright CD16– and CD56dim CD16+ NK cells.

The percentage of MHC class II-bearing cells are higher in CD56dim CD16– cell compared with CD56bright cell populations (P < 0·004). The frequency of

the CD56dim NK cells expressing MHC class II is statistically significantly higher in PV patients. In (c), CD56+ CD16– CD3– cells were sorted to demon-

strate expression of MHC class II molecules using immunofluorescence microscopy. The red stain represents CD56+ CD16– CD3– NK cells. The green

stain identified the MHC class II molecules. Nuclear staining is represented with 4,6-diamidino-2-phenylindole shown in blue. CD56dim CD16+ CD3–

cells stained similarly (data not shown). Thus NK cells in PV patients with active disease express MHC class II molecules. Photograph magnification is

100¥ using an oil emersion objective lens (1·4 NA, Plan Apo). (d) Demonstrating the presence of co-stimulatory molecule B7 on the cell surface of

CD56+ CD3– NK cells that co-express MHC class II molecules. Approximately 84% and 94% these NK cells with MHC class II molecules from two PV

patients with active disease co-expressed the co-stimulatory molecule B7-H3. The co-stimulatory molecules B7-H1, B7-H2 and B7-H4 were not

co-expressed. (e) Histogram representation of (d). More than 80% of the CD56+ CD3– NK cells co-expressed MHC class II molecules. In addition they

express the co-stimulatory molecule B7-H3 in four representative PV patients. The co-stimulatory molecule B7-H1, B7-H2 and B7-H4 were not

co-expressed.
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Co-expression of B7 co-stimulatory molecules on the
cell surface of CD56+ CD3– NK cells that express MHC
class II molecules from PV patients by FACS

In patients with active PV, CD56+ CD3– NK cells from PBL
that co-expressed MHC class II molecules also express the
co-stimulatory molecule B7-H3 (Fig. 1d). Two representative
examples are shown in Fig. 1d. Co-expression was approxi-
mately 84–94% for B7-H3 molecules in four representative
PV patients (Fig. 1e). CD56+ CD3– NK cells from PV patients
that co-expressed MHC class II molecules did not express
B7·1, B7-H1, B7-H2 and B7-H4. The co-expression of these
molecules was not tested in normal controls, because normal
individuals do not express MHC class II molecules on NK
cells.

Peptide presentation by CD56+ CD16– CD3– and
CD56+ CD16+ CD3– MHC class II-positive, NK cells
and B cells from peripheral blood of PV patients

In these experiments we demonstrated that both subsets
of NK cells, without the exogenous addition of cytokines,

were capable of presenting antigen (Dsg3) to CD4+ T cells.
CD56bright CD16– CD3– and CD56dim CD16+ CD3– MHC class
II-positive NK cells and CD20+ B cells were separated from
PBL of four untreated patients with active and severe PV by
FACS sorting. Significant proliferation was observed in the
NK cells and B cells of patients mixed with CD4+ T cells of the
same patient, in the presence of Dsg3 peptides, compared
with control CD4+ T cells (P < 0·01). CD56bright CD16– CD3–

and CD56dim CD16+ CD3– NK cells and CD20+ B cell-stimu-
lated CD4+ T cells from PV patients only in the presence of
Dsg3 peptides (Fig. 2a). When co-cultured, CD56bright CD16–

CD3–, CD56dim CD16+ CD3– NK cells and CD4+ T cells iso-
latedfromnormalhealthy individualsdidnotproliferate,even
after incubation with Dsg3 peptides. Controls consisted of
APCs (NK and CD20+ B cells) co-cultured with CD4+ T cells
without Dsg3 peptide and NK, B cells and T cells alone with
andwithoutDsg3peptide(Fig. 2a).Theproliferativeresponse
of NK cells was similar to that of the proliferation of CD20+ B
cells. The B cells are known to present antigen to T cells. The
sameresponse inNKcellswouldsuggest thatMHCClass IImo-
lecules on these NK cells also present Dsg3 to the CD4+ T cells.
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Fig. 2. Peptide presentation by CD56+ major histocompatibility complex (MHC) class II-bearing natural killer (NK) cells and cytokine profile of

peripheral blood leucocytes of pemphigus vulgaris (PV) patients. CD56+ NK cells that expressed MHC class II molecules were obtained from the

peripheral blood of two PV patients, and mixed with CD4+ T cells from the same patients and with desmoglein 3 (Dsg3) peptides. The controls

included CD4+ T cells alone, CD20+ and CD56+ cells alone. (a) CD4+ T cell proliferation using [3H] incorporation is presented, after removing the

corresponding control measured as counts per minute. T cell proliferation is statistically significantly higher when NK CD56+ cells are treated with

Dsg3 peptides compared with absence of peptides (P < 0·002). (b) Profile of cytokine production by CD4+ T cells obtained from peripheral blood of

PV patients when interacted with CD56+ MHC class II-positive NK cells and Dsg3 peptides, after removing control background. CD4+ T cells of PV

patients produced high to moderate levels of interleukin (IL)-8, IL-6 and interferon-g compared with controls. The two patients with active PV

studied in this experiment are presented as black and white bars. *P < 0·05; **statistically not significant.
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Levels of IL-8, IL-6 and IFN-g were increased in the
supernatants of cultures of NK CD56+ CD16– CD3– or
CD56+ CD16+ CD3– cells and CD4+ T cells from PBL of PV
patients in the presence of Dsg3 (Fig. 2b). Only IL-6 was
increased in the supernatants of co-cultures of CD20+ B cells
and CD4+ T cells from the PBLs of the same patients. The
IL-6 produced was at approximately the same level by the
CD20+ B cells, and the CD56+ NK cells from PBL indicates
that the NK cells with MHC class II molecules produced a B
cell-stimulating cytokine. Not surprisingly, CD20+ B cells did
not produce IL-8 or IFN-g. However, CD56+ NK cells did
produce the proinflammatory cytokines IL-8 and IFN-g at
statistically significant high levels, indicating that the NK
cells from the PBLs produce proinflammatory cytokines in
PV patients (Fig. 2b). Other cytokines tested (IL-2, IL-4,
IL-10 and TNF-a) were not detected in the supernatants.

Presentation of Dsg3 peptides using NK cells from
peripheral blood and CD4+ T cell lines obtained from
skin lesions of PV patients

The experiments consisted of perilesional skin biopsies from
three patients with active untreated PV, one patient with

severe, active BP and two normal healthy age- and sex-
matched human volunteers. CD4+ T cells from skin lesions of
PV patients showed proliferation after incubation with
CD56+ CD3– NK cells with two different Dsg3 peptides. A
statistically significantly increased response to Dsg3 peptide
(96–112) was observed when compared with the response to
Dsg3 peptide (190–204) (P < 0·03). This response to the two
different peptides was measured in counts/min when CD4+

T cells and CD56+ T cells were cultured with these two dif-
ferent peptides (Fig. 3a). None the less, the response to both
Dsg3 peptides was significantly higher than that observed in
the controls (Fig. 3a). CD4+ T cells cultured from perile-
sional skin of a patient with BP or from normal controls did
not proliferate in response to Dsg3 peptides (Fig. 3a).
CD56+ CD3- NK cells from PBL incubated with CD4+ T cells
from the skin of the same PV patients, in the presence of
Dsg3 peptide (96–112), produced levels of IL-8, IL-6 and
IFN-g that were statistically significantly higher than con-
trols (Fig. 3b). Levels of IL-8 were greater than IL-6
(P < 0·02) or IFN-g. The levels of IL-6 were higher in cultures
of CD4+ T cells from the skin (Fig. 3b) compared with PBL,
which are presented in Fig. 2b (P < 0·03). The levels of IL-8
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levels of IL-6 (P < 0·02). Interferon-g levels were

also increased but not statistically significant.

Controls included CD4+ T cells from skin

biopsies of two normal controls and one patient

with bullous pemphigoid. Bars represent the

standard deviation. *P < 0·05; **statistically not

significant.
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and IFN-g produced were similar by CD4+ T cells from PBL
and the skin (Figs 2b and 3b) The levels of IFN-g, while
lower than IL-8 and IL-6, were similar in cultures of CD4+ T
cells from PBL and the skin (Figs 2b and 3b), but were higher
than those produced by normal controls (Fig. 3b). CD4+ T
cells alone, CD56+ CD3– cells alone with or without Dsg3
peptides, NK cells from PBL of a BP patient or normal
control with CD4+ T cells and Dsg3 peptide did not produce
detectable levels of IL-8, IL-6 or IFN-g. Other cytokines
tested, including IL-2, IL-4, IL-10, IL-1b, TNF-a and IL-12,
were not detectable (data not shown). These experiments
demonstrate that the CD4+ T cells from PV patients, in the
microcirculation of the skin, respond in a manner similar to
that observed in the peripheral blood. They interact with
Dsg3 peptides only in the presence of CD56+ NK cells, as
demonstrated by the observation that they proliferate and
produce statistically significant elevated levels of IL-6, IL-8
and IFN-g.

Discussion

The histopathological hallmark of PV is acantholysis or loss
of adhesion between epithelial cells. Acantholysis is the
end-product of a series of preceding cellular and molecular
events that involve the immune and inflammatory system
[18]. In this study the principal focus was to study some
of the participants in the mechanism of pathogenesis by
characterizing some of the participants and their func-
tions. Thus we are studying some of the processes that may
define and characterize events in the microenvironment
of the skin and mucosal tissues, and those present in the
central immune system and are reflected in the peripheral
circulation.

Pemphigus vulgaris is a potentially fatal rare disease. The
authors recognize that a limited number of patients have
been studied. They also recognize that a longitudinal
follow-up of the same patients will provide more insight and
understanding, particularly studying the patients when they
go into a prolonged clinical remission. Hence, these obser-
vations are perceived to be preliminary. A larger cohort of
patients studied will provide a clearer and better analysis of
these events.

The results of the study demonstrate that a combination
interaction of CD56+ CD3– NK cells and CD4+ T cells in
concert produce a profile of cytokines and chemokines that
may explain partially the inflammation observed in the dis-
eased tissues and the production of specific pathogenic
autoantibody. Dendritic cells (CD11c+ and CD1+) were
removed from the PBL used in proliferation assays and
therefore could not have played a direct role in these
processes.

CD4+ T cell lines from perilesional skin of PV patients
co-cultured with CD56+ CD3– NK cells expressing MHC
class II molecules, in the presence of Dsg3, secreted statisti-
cally significant levels of IL-6 and IL-8 (Fig. 3b). Levels of

IFN-g were elevated but not statistically significant and
TNF-a was not detected. CD4+ T cells from PBL of patients
with active disease co-cultured with CD56+ CD3– NK cells
expressing MHC class II molecules, in the presence of Dsg3,
without the addition of exogenous cytokines, produced
similar profiles (Fig. 2).

In several experiments, the NK cells have been partially
characterized. These NK cells that are CD56+ CD3– express
MHC class II molecules and the co-stimulatory molecule
B7-H3. Professional APCs express B7-H3 and have been
shown to enhance the induction of cytotoxic T cells and
stimulate IFN-g [19]. Recently it has been reported that NK
cells expressing MHC class II molecules, following activation
with cytokines, have APC-like properties and regulate T cell
activation, using a peptide of the influenza virus [20].
However, our studies demonstrate high levels of in vivo
expression MHC class II molecules on these NK cells,
without the addition of exogenous cytokines.

We studied mainly the CD56+ NK cells because they have
different cytotoxic and regulatory functions [10]. However,
in our studies both subsets co-cultured with CD4+ T cells, in
the presence of Dsg3, produced a similar cytokine profile;
CD4+ T cells from skin lesions and peripheral blood of PV
patients demonstrated specific proliferation when cultured
with CD56+ NK (CD56dim or CD56bright) and the relevant
peptides of Dsg3 and produced IL-6, IL-8 and IFN-g (Figs 2
and 3). In addition, it has been shown that CD56brigtht NK
cells are enriched at sites of inflammation and together with
monocytes are involved in maintaining the inflammation
[21]. However, such studies did not investigate the role of
CD56dim NK cells, and the expression of MHC class II mol-
ecules on these cells, within the inflammatory site or the
influence of these cells in the circulation. The cumulative
observations in this study would suggest that these subsets of
CD56+ CD3– NK cells may hone into specific sites within the
skin and mucosal tissues of PV patients. Thereafter it is
possible that this combination of MHC class II molecules
bearing NK cells and CD4+ T cells in the microenvironment
of disease-specific tissue and circulation facilitate and
amplify the local and systemic production of an inflamma-
tory process and eventually the production of high titres of
pathogenic autoantibodies.

In the microenvironment of the diseased tissues they
function as APCs and present Dsg3 peptides to resident
and circulating CD4+ T cells. These T cells proliferate and
produce various cytokines that exert their effect locally and
are absorbed in the circulation. These in vivo-activated NK
cells may travel to the lymph nodes, spleen and bone
marrow, where a higher proportion of antibody-producing
B cells are present, and may respond to their stimulation,
resulting in high levels of IgG4 pathogenic autoantibodies.

B cells co-cultured with CD4+ T cells from PV patients in
the presence of Dsg3 peptides produced significantly high
levels of IL-6. In addition, we observed that both subsets of
NK cell with in-vivo expression of MHC class II molecules
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co-cultured with CD4+ T cells and Dsg3 peptides produce
high levels of IL-6. These two sources of IL-6 augment
further the production of pathogenic autoantibody and may
expand the population of B cells producing them [22,23].

Other peptide-presenting cells may also participate in the
pathogenesis of PV, but the possible cross-talk among them
in co-cultures with CD4+ T cells will need to be investigated
[24–26]. For example, dendritic cells, plasmocytoid cells and
monocytes may be necessary to produce the required pro-
cessing of Dsg and equally importantly in the presentation of
peptides [15,25].

Based on the observations in this report and the literature,
we present a hypothetical role of NK cells in the pathogenesis
of PV (Fig. 4). Resident Langherhans cells in skin and
mucosal tissue produce cytokines that recruit NK cells into
the site of pathology [27]. Langerhans cells may also process
the Dsg3 available from the surrounding keratinocytes to
make it available to other cells in the microenvironment of
the skin and mucosal tissues. Along with CD4+ T cells, NK
cells as APCs then facilitate the local production of inflam-
matory cytokines and other mediators of inflammation.
These NK cells may act as APCs and present Dsg3 peptides to

CD4+ T cells. These proliferating CD4+ T cells secrete IL-6,
which may stimulate resident B cells to produce anti-Dsg3
antibodies. These T cells, B cells and NK cells and the
cytokines and the chemokines they produce are probably
absorbed. Upon arrival in the bone marrow, spleen or lymph
nodes, they amplify this autoimmune response several-fold.
Once it reaches a critical level, clinical disease is produced.

Interleukin-6 is a pleiotropic cytokine important in the
regulation of the immune response, acute phase reactions
and haematopoiesis and it is involved in the pathophysiology
of autoimmune disorders, lymphoid malignancies and
inflammation [28]. Interestingly, animal models of lupus,
using BALB/c IL-6-deficient mice, have demonstrated that
IL-6 plays a role in the production of anti-DNA and chro-
matin autoantibodies [29]. Studies have shown that IL-6
plays a role in subclass-switching mechanisms of IgG [30].
These studies would suggest that IL-6 in the microenviron-
ment of the skin, mucosal tissue and bone marrow of PV
patients may play a role in the production of class-specific
pathogenic anti-Dsg antibodies.

Experiments in these studies demonstrate that NK cells
co-cultured with CD4+ T cells from the perilesional skin and

+

+

+

Fig. 4. Representation of the possible role of natural killer (NK) cells in pemphigus vulgaris (PV) - a hypothetical model for pathogenesis of

clinical disease. NK cells acting as antigen-presenting cells present desmoglein 3 (Dsg3) peptides to CD4+ T cells, both of which hone into the

perilesional skin and oral mucosa, from the peripheral blood. The proliferating T cells secrete interleukin (IL)-6, which stimulates resident B cells to

produce anti-Dsg3 antibodies. NK cells produce interferon (IFN)-g, which then further up-regulates major histocompatibility complex (MHC) class

II expression and simultaneously attracts other NK cells to the site of pathology. IL-8 secreted by activated NK cells will stimulate resident

polymorphonuclear cell (PMN) and monocytes. These NK cells, IL-8, IL-6, IFN-g and other cytokines, chemokines and inflammatory mediators are

absorbed into the blood vessels of the skin and mucosal tissues and carried to lymph nodes, spleen and bone marrow. Here the inflammatory

response and the levels of autoantibody production may be amplified significantly. Once substantial levels of the autoantibody and inflammatory

chemokines and cytokines reach the target tissue, the adhesions between the epithelial cells in the stratum malphigii are lost and clinical disease is

observed. The simultaneous critical role of the central immune system, perhaps in the bone marrow, spleen or lymph nodes, and the essential role

of the microenvironment of the skin and mucosal tissues are emphasized in this model.
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PBL of patients, in the presence of Dsg3, produced high
levels of IL-8. Studies show that keratinocytes from PV
patients also produce high levels of IL-8 in vitro when
incubated with anti-Dsg3 antibodies [31]. Thus, it is possible
that in the microenvironment of the skin and mucosa of PV
patients, locally increased levels of IL-8 may play a role in the
recruitment and activation of polymorphonuclear cells
(PMNs) to the site of inflammation [32,33].

It is also known that IL-8 and other inflammatory
chemokines play an important role in organ-specific and
systemic autoimmune disorders through leucocyte recruit-
ment and trafficking of PMN to affected tissues [28,34,35].
Increased levels of IL-8 and other inflammatory chemokines
have been found in the plasma of systemic lupus erythema-
tosus patients [36] and in the serum of multiple sclerosis
patients [37], and have been correlated with disease activity.
In patients with multiple sclerosis, high levels of IL-8 in
cerebrospinal fluid are present during the relapses [37]. IL-8
and NK cells have been shown to be involved in the patho-
genesis of ankylosing spondilitis [38].

Although statistically not significant, the increased levels
of IFN-g could maintain the up-regulation of MHC class II
molecules on these NK cells and other APCs in the micro-
environment and thus amplify the local autoimmune and
inflammatory processes [24–26,28]. Other cytokines and
chemokines, not studied or assayed, may also play an impor-
tant role in the various stages of immune disregulation and
inflammation observed in PV.

In a recent study, role of NK cells were studied in PV
patients. These investigators observed that CD56+ CD3–

NK cells were increased in patients with active PV [39].
Using gene expression analysis they demonstrated increased
expression of IL-10 and decreased expression of IL-12Rb2,
perforin and granzyme B and increased expression of IL-5
[39]. The authors conclude that NK cells contribute to
Th2-based immune responses through IL-12Rb2 signalling
impairment and up-regulation of IL-5 and Il-10. While this
study does not address the above issue, it helps to validate
further a complex multi-dimensional and vital role for NK
cells in the pathogenesis of PV.

The importance of the observations in this study, are
many-fold and multi-faceted. These experiments may dem-
onstrate the importance of the various cells and their prod-
ucts in the microenvironment of the disease tissue, and in
the process of blister formation. Pemphigus is known to be
chronic and characterized by relapses and remissions. While
current therapies may target and influence acantholysis and
blister formation, they produce temporary remissions, as the
underlying processes that lead to the generation of patho-
genic B cells are not reversed. In the future, identifying cells,
molecular and multi-step molecular processes that precede
the production and induction of pathogenic autoantibody
would help in designing therapeutics that prevent or abort
these processes. Thus a long-term sustained remission
should be the goal of the treatment of pemphigus.
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