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Sjoégren’s syndrome (SS) is a complex autoimmune disorder characterized by mononuclear
infiltration of the exocrine glands. There is an increased interest to use immunomodulatory
protein therapy to target inflammatory components thought to be important in SS. However,
systemic immunomodulatory treatment has several limitations and unwanted side effects.
One alternative approach is developing localized expression via gene therapy in the
salivary glands. Genes encoding cytokines or cDNAs encoding soluble forms of a key
cytokine receptor can be infroduced directly into the salivary glands, and are likely to alter
immune responses locally, but not systemically. While the etiology of SS is unclear, several
gene targets are being examined in preclinical studies. The focus of this review is to
summarize the approach to developing therapeutic molecules for salivary gland gene

transfer that may impact the treatment of SS.

Sjogren’s syndrome (SS) is a systemic autoimmune
disorder of unknown etiology, characterized by
mononuclear cell infiltration in exocrine glands,
principally the lacrimal and salivary glands. Other
organ systems are frequently involved and 5% of
SS patients develop lymphoma. The inflamma-
tion of exocrine glands is most prominent, result-
ing in dry eyes (keratoconjunctivitis sicca) and
mouth (xerostomia) [1]. SS may occur alone,
termed primary SS, or in association with another
defined autoimmune disease, termed secondary
SS. Primary SS is one of the most common
autoimmune diseases. Between half a million and
2 million individuals are affected by this disease in
the USA, with women being nine-times more
likely to be affected than men. In general, there
are two age-peaks seen in primary SS patients, the
first between 20-30 years and the second around
50-60 years.

The exact pathogenesis of SS is unknown, but
is clearly multifactorial. The presence of multiple
autoantibodies and chronic inflammation in the
target organ indicate an autoimmune response
against the exocrine glands. This so-called
autoimmune exocrinopathy is supported by sev-
eral findings at the histological level. Salivary and
lacrimal glands in SS are characterized by large
persistent mononuclear foci, consisting of both
T lymphocytes (~80%) and B lymphocytes
(~20%). The presence of CD4* T lymphocytes
is twofold that of CD8* T lymphocytes. Variable
degrees of acinar cell atrophy and progressing
fibrosis can also be observed 121.

While there is effective palliative therapy for
lacrimal manifestations, no effective treatment
exists for the salivary gland dysfunction. The
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salivary gland dysfunction and associated diffi-
culty in eating and swallowing are the major
complaints of patients. Current palliative
treatment for salivary gland dysfunction
includes artificial saliva, frequent dental proph-
ylaxis and/or stimulation by muscarinic ago-
nists, such as pilocarpine and cevimeline, and
and other

modulatory agents [1. However, systemic

the use of steroids immuno-
immunosuppressive and immunomodulatory
therapies, including classical immunosuppres-
sants and tumor necrosis factor (TNF)-a
inhibitors, are largely ineffective.

Inhibitors of TNF-a., such as infliximab, were
studied in the treatment of SS (see below) [3.4].
However, in a double-blind, randomized pilot
study of the TNF inhibitor etanercept versus
in 28 patients, no
observed [5]. Conclusions from this study suggest

placebo efficacy was
there may have been insufficient levels of the
drug in the target tissues, either because the
medication was unable to get to the target tissue
or because higher doses of the drug are needed in
order to demonstrate a therapeutic effect. Addi-
tionally, long-term exposure (1 year) may be
required for the therapeutic effects to appear.

To overcome these limitations of drug deliv-
ery, gene therapy offers the possibility to engi-
neer cells to express therapeutic proteins locally
at high levels that would not lead to major side
effects associated with high systemic levels. The
salivary glands would be the ideal target organ
for SS. In this review, we will discuss the poten-
tial use of salivary gland gene therapy in SS and
potential therapeutic molecules that can be
delivered via gene therapy.
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Gene therapy

Gene therapy refers to an experimental proce-
dure to deliver genes encoding proteins or inhib-
itory RNA to a specific target cell. This nucleic
acid can act to restore normal cellular activity or
to augment a cell’s function. An advantage of
gene therapy over conventional therapies is that
expression of the therapeutic molecule can be
targeted and expressed locally in a few defined
cells, or expression can be directed systemically.
For some therapeutic proteins, localized expres-
sion would more closely mimic their physiologi-
cal pattern of expression, thus limiting side
effects associated with high systemic levels.

Gene transfer is accomplished by using either
viruses modified to encode the new gene or syn-
thetic DNA—polymer complexes that enable effi-
cient entry of the DNA into the cell (s]. Optimal
vector selection depends on the tissue target and
the proposed therapeutic strategy. This may
require only short-term expression to overcome
an acute condition or require long-term and pos-
sibly physiologically regulated expression for a
chronic condition.

Long-term expression in gene therapy theoreti-
cally requires the vector to be able to integrate in
the cells’ genome, for example, using retrovirus- or
lentivirus-based vectors [7]. A concern with this
mechanism of persistence is that the integrated
gene could disrupt a normal gene function,
resulting in mutation or disease. This outcome has
been observed in recent clinical trials with some
retroviral-based vectors [8]. Alternatively, if the tar-
get cell is post-mitotic or slowly dividing, a vector
system that remains episomal and transcriptionally
active may prove to be efficacious.

Gene therapy for SS has focussed on salivary
glands as a target tissue because loss of salivary
gland function is a central aspect of SS. Delivery
of the vector via the lumen of the gland is possi-
ble, via retrograde cannulation of the duct,
which is routinely performed in the clinic for
contrast radiography, and would be very advan-
tageous. This route of delivery would result in
both local expression of the therapeutic molecule
and keep the vector at high concentration, which
would enhance gene transfer. Salivary glands are
a natural secretory tissue able to complete most
forms of post-translational modification and
importantly secrete large amounts of protein
either into the saliva or depending on sorting sig-
nal sequences in the gene, the bloodstream [9,10].
Salivary epithelial cells also are a slowly dividing
population, thereby making it possible to use
episomal vectors for gene transfer.

While a number of viral and nonviral vectors
have been tested in salivary glands, the two vec-
tor systems with the highest overall gene transfer
activity are recombinant adenoviruses (rAd) and
recombinant adeno-associated viruses
(rAAV) (11). Important features of recombinant
adenoviral vectors include the ability to deliver
DNA to a variety of cell types within the gland,
and the ability to package very large genes or
multiple genes in a single particle. However, the
duration of gene expression from most adenovi-
ral vectors is short, and can be accompanied by a
significant immune response at high doses
(>10!! particles). rAAVs have a smaller packag-
ing capacity, limiting the vector delivery to just
a single therapeutic gene rather than multple
genes, and lower level of transgene expression
compared with adenovirus vectors. However,
AAV vectors are able to direct long-term expres-
sion with minimal immune response and there
are currently several different types of AAV vec-
tors that have different cell tropisms in animal
models [12]. Therefore, with the AAV vectors, it
might be possible to deliver one gene to ductal
cells to alleviate xerostomia by creating a de novo
saliva flow or target the expression of another
gene to acinar cell to prevent apoptosis and
preserve existing secretory activity.

Animal models for Sjégren’s syndrome

SS is a disease of unknown etiology. Therefore,
the development of animal models that mimic the
disease in patients is critical not only for under-
standing the biology of SS, but for validating the
safety and efficacy of experimental therapeutic
approaches such as gene therapy. Currently, sev-
eral animal models are reported to display a
number of features observed in SS patients
(Table 1). However, none of these models exactly
replicates the human condition. Many models
lack a decrease in salivary flow, an important clin-
ical feature, and others have coexisting diseases,
such as diabetes, not routinely observed in SS.
Table 1 is an overview of the SS animal models.
The non-obese diabetic (NOD) mice are the only
mice with almost all the SS features. NOD mice
develop age-dependent histopathological changes
in the salivary glands, which are similar to those
seen in SS patients. The subset of lymphocyte
infiltrations in salivary glands are predominantly
CD4* T cells over CD8* T cells and B cells. Fur-
thermore, autoantibodies against 52-kDa ribonu-
cleoprotein SS-A/Ro, muscarinic receptor (MR)
and 120-kDa o-fodrin have been detected in
serum from NOD mice, although autoantibodies

Future Rheumatol. (2006) 1(4)



Developing a gene therapy for Sjidvgren’s syndrome - REVIEW

Table 1. Overview of features observed in Sjogren’s patients compared with animal models.

Human Id3 -/- NOD SS-B NFS/sld
immune

Xerostomia Yes Yes Yes Yes

Keratoconjuctivitis ~ Yes Yes Yes

sicca

Autoantibodies Yes Yes Yes Yes

(anti-SSA/SSB/

MR, ANA)

Histology: Yes Yes Yes

CD4+* > CD8* >

B cells

Age-dependent Yes Yes Yes

onset

Female > male Yes Yes Yes

Genetically Yes

defined

phenotype

1Ql/Jic MRL/lpr NZB/W Aly/Aly
Yes
Yes Yes
Yes
Yes Yes Yes
Yes Yes

ANA: Antinuclear antibody; anti-MR: Anti-muscarinic receptor; NOD: Non-obese diabetic.

to 60-kDa SS-A/Ro or SS-B/La are not detected.
Importantly, the development of sialadenitis in
NOD mice is accompanied by loss of salivary
gland function. However, these mice also develop
insulin-dependent diabetes mellitus (IDDM), a
condition that is not routinely observed in
patients. Furthermore, the SS phenotype in this
mouse line is highly unstable and genetically
poorly defined, which renders it difficult to work
with or compare results when the mice are
obtained from different suppliers [13]. Recently, a
NOD strain (C57BL/6.NODc3.NODclt) was
developed that displays autoimmune exocrino-
pathy, including salivary gland dysfunction and
lymphocyte infiltrations as seen in SS, without
exhibiting autoimmune diabetes [14]. Despite their
limitations, NOD mice are useful in evaluating
localized gene transfer strategies for SS.

Experience to date

Despite the lack of success with systemic admin-
istration of immunomodulatory proteins such as
etanercept or infliximab in clinical trials, the use
of gene transfer to salivary glands in mice has
demonstrated that local expression of immuno-
modulatory proteins can preserve salivary flow
and decrease gland infiltrates [15,16]. The first
report of successful rAAV-immunomodulatory
salivary gland gene delivery in NOD mice
resulted from the retroductal delivery of human
interleukin (IL)-10. In that study, we demon-
strated 77 vitro and in vivo expression of biologi-
human IL-10 and clinical

cally active
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benefits [15]. Recently, a second successful appli-
cation of salivary gland gene transfer in NOD
mice was reported. Vasoactive intestinal peptide
(VIP), which is an immunomodulatory hor-
mone, was delivered to salivary glands using an
AAV-vector. This local delivery of VIP resulted
in disease-modifying and immunosuppressive
effects in submandibular salivary glands of NOD
mice [16]. These two reports show that salivary
gland gene transfer can provide local beneficial
effects. The difficulty using this strategy in SS
patients is the multifactorial, and currently
unclear, pathogenesis of the disease. Choosing
the right transgene or transgenes is not easy.

What genes o use?

In attempting to develop a gene therapy for sali-
vary glands in SS, a critical question is what ther-
apeutic molecule should be delivered? The
previously mentioned studies in NOD mice
demonstrate that local expression of immuno-
modulatory proteins can be effective in the treat-
ment of SS. Owing to the multifactorial nature
of SS, in addition to immunomodulatory pro-
teins, other candidate genes could act to prevent
disease progression, blunt the immune response,
or restore salivary flow (Tables 2 & 3).

Immunological therapy
One of the early inflammatory events in auto-
immune exocrinopathy is the recruitment of

lymphocytes into the exocrine glands. Intercellu-
lar adhesion molecule ICAM)-1, vascular cell
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Table 2. Protein therapeutics in clinical trials of

autoimmune diseases.

Target Agent Tested disease

ICAM-1 Antisense inhibitor Crohn, UC

VCAM-1 Probucol derivate RA

TNF-a mAb TNF-a RA,SS
TNF-a receptor/IgG1 RA,SS

IFN-y mADb [FN-y RA

IFN-receptor rIFN-ou SS

IL-1 IL-1RA RA

Blys mAb Blys SLE
Blys-receptor/IgG SLE

CD20 mAb CD20 SS

Blys: B-lymphocyte stimulator; ICAM: Intercellular adhesion molecule; IFN: Interferon;
Ig: Immunoglobulin; IL1-(RA): Interleukin 1-(receptor antagonist); mAb: Monoclonal
antibody; RA: Rheumatoid arthritis; (r)IFN: (Recombinant) interferon; SLE: Systemic
lupus erythematosus; SS: Sjégren's syndrome;

TNF: Tumor necrosis factor; UC: Ulcerative colitis;

VCAM: Vascular cell adhesion molecule.

adhesion molecule (VCAM)-1 and integrins play
a crucial role in this tissue-specific homing [17).
Agents that could address this pathway include
antisense inhibitors of ICAM-1 and a probucol
derivative inhibitor of VCAM-1, which are
designed to inhibit lymphocyte adhesion and
penetration of endothelial cell surfaces [18].
Immune cells use cyto- and chemokines as
signals for directing and generating immune
responses. In 1994, Fox and colleagues pro-
posed a model for the pathogenesis of SS, in
which TNF-a and interferon (IFN)-y have
important roles as regulatory proteins that

Table 3. Candidate transgenes for gene therapy in

Sjogren’s syndrome.

Product Goal

IFN-a. Antagonize IFN-y; anti-inflammatory
SIFNR Antagonize IFN-y

STNFR Antagonize TNF-a

IL-10 Anti-inflammatory

SICAM-1 Reduce lymphocyte adhesion
SVCAM-1 Reduce lymphocyte adhesion
sCTLA-4, sCD40 Inhibit lymphocyte costimulation
anti-Blys Decrease auto-reactive B-cells
sCD20 B-cell depletion

AQP-1 Restore fluid secretion

AQP-5 Restore fluid secretion

AQP: Aquaporin; Blys: B-lymphocyte stimulation; IFN: Interferon; IL: Interleukin;
sCTLA: Soluble cytotoxic lymphocyte antigen, sSICAM: Soluble intercellular adhesion
molecule; sIFNR: Soluble interferon-y receptor; sSTNFR: Soluble tumor necrosis factor
receptor; sVCAM: Soluble vascular cell adhesion molecule.
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induce  autoimmune  sialadenitis.  These
cytokines are still considered to be prime targets
in clinical trials of autoimmune disorders.

TNF-a plays a distinct role in immune system
homeostasis and function. In many inflamma-
tory and autoimmune diseases, increased TNF-a.
production is a pathological trigger, and agents
have been developed to inhibit its overproduc-
tion. For example, infliximab is a chimeric mon-
oclonal antibody that binds both soluble and
transmembrane TNF-a, and etanercept, a fusion
molecule of TNF-a receptor p75 (TNFR2) and
imunoglobulin (Ig)G1, which binds soluble
TNF-o; both have been beneficial in the treat-
ment of other autoimmune diseases. Side effects
of systemic anti-TNF-a antibody therapy
include lymphoma and infections [19]. Salivary
gland gene transfer with these inhibitors might
be an excellent alternative to overcome, at least
in theory, the side effects and negative results of
systemic anti-TNF-o therapy in SS patients. Sal-
ivary gland gene transfer with these inhibitors
may also enable long-term localized expression.
A gene therapy clinical trial involving local
expression of soluble TNFR2-IgG fusion pro-
tein (e.g., etanercept) in the affected joints of RA
patients has recently begun. If this study is bene-
ficial, it would reinforce the use of a localized
gene-transfer approach for the treatment of SS.

IFN-y is another key immunoregulator, and its
altered expression can cause pathological condi-
tions [20,21]. Clinically, inhibition of IFN-y is possi-
ble with inhibitory IFN-y antibodies, and studies
in autoimmune disorders, for example, RA, dem-
onstrate efficacy after intramuscular injection
without serious side effects [21]. To date, anti-
IFN-y antibodies have not been tested in SS. Intra-
muscular injection of plasmids encoding a recom-
binant IFN-y receptor-IgG fusion protein have
been effective in treating both Type 1 diabetes and
systemic lupus erythmous (SLE) in mouse models,
and no significant side effects are reported [22.

Type I interferons link innate and adaptive
immunity. Recently, increased expression of
IFN-o-regulated genes was described in the sal-
ivary gland of SS patients, raising the possibility
of IFN-a blockade as a potential therapy [23].
However, clinical trials of IFN-a in SS patients
(150 international units [IU] of IFN-a three-
times per day by oral lozenges) resulted in a sig-
nificant increase in unstimulated salivary flow,
without causing significant side effects [24.25].
However, the authors did not observe any
difference in stimulated flow or change in
oral dryness.

Future Rheumatol. (2006) 1(4)
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The communication between immune cells
offers another point of intervention in the treat-
ment of SS. The regulation of the adaptive
immune response against foreign antigens is ini-
tiated by the activation of T lymphocytes, which
promote B cells, monocytes and dendritic cells.
One strategy to decrease the function of T lym-
phocytes is to block activated or cytotoxic
T cells. In localized gene therapy, expression of
soluble cytotoxic lymphocyte antigen (CTLA)-4,
which binds B7 (an important costimulatory
molecule) and subsequently inhibits costimula-
tion of T and B lymphocytes, may be useful.
Another potential therapeutic molecule is solu-
ble CD40, which can disrupt the CD40-CD40
ligand (CD40-CD154) interaction and also
inhibit T and B lymphocytes costimulation [26].

Several studies have documented a pivotal role
of B cells in the pathogenesis of autoimmune
disease, specifically, production of autoantibod-
ies. B-lymphocyte stimulator (BLys) is responsi-
ble for the differentiation,
survival of B cells and has been detected in the
serum of patients with SS, rheumatoid arthritis
(RA) and SLE (27). In SLE patients, clinical trials
have been initiated to investigate the effect of
anti-BLyS monoclonal antibodies and BLys
receptor—IgG fusion protein. Results from a
Phase I study in SLE have demonstrated that the
antagonist is biologically active and safe [28]. No

maturation and

clinical trials using BLyS antagonists in SS
patients have been initiated. Another target is
B-cell surface antigen CD20, which can be
inhibited by its antibody, resulting in B-cell
depletion. Clinical trials have been performed
that infused anti-CD20 antibodies into patients
with either early primary SS or primary SS with
mucosa-associated lymphoid tissue (MALT)-
type lymphoma. Results have been beneficial for
MALT lymphoma, but for patients with early
primary SS, human antichimeric antibody
formation was reported [29.30].

Nonimmunological therapy

Dysregulation of apoptosis may play a crucial
role in the pathogenesis of SS in two ways: the
resistance to apoptosis of infiltrating mono-
nuclear cells and an increase in apoptosis of the
exocrine gland epithelial cells. Apoptosis involves
a complex cascade that could be influenced at
many sites; for example, surface receptors, initia-
tors or intracellular targets [31-33]. Several mole-
cules might be useful to target apoptosis, such as
Bcl-2, FasL, and
granzyme B. Indeed, transplantation and cancer

Bax, caspase, perforin
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studies delivering viral vectors expressing anti-
apoptotic and proapoptotic molecules have been
beneficial [34,35]. Similarly, such molecules may
be useful for gene therapy targeting apoptotic
for Bcl-2,
expressed by residing lymphocytes in the salivary
glands of SS patients, by monoclonal antibodies
or soluble receptors.
Acetylcholine
neurotransmission to salivary and lacrimal

protecting  molecules; example,

mediates  parasympathetic
glands through a family of muscarinic receptor
subtypes. Many studies have demonstrated an
association between inhibition of neurotransmis-
sion through muscarinic receptor 3 (M;R) and
anti-M;R antibodies in SS patients. However,
in vivo anti-M;-R antibodies have not currently
been shown to directly affect salivary gland func-
tion [36,57). The importance of developing thera-
pies to block anti-M;-R antibodies requires a
better understanding of their role in this disease.

Aquaporins (AQPs) are membrane proteins
that function as water channels and enable trans-
cellular movement of water in response to
osmotic gradients. A deficiency or alteration in
these molecules could lead to sicca symptoms
within SS patients. In 2000, Beroukas and col-
leagues reported a down-regulation of AQP-1
expression in myoepithelial cells in SS patients,
using high-resolution confocal microscopy [38].
Although the role of aquaporins in SS pathology
is unclear, they may be potentially useful thera-
peutic molecules. For example, fretrograde duc-
tal administration of a recombinant adenovirus
encoding human AQP-1 within irradiated mini-
pig parotid glands led to significant recovery of
secretory function [39].

At present, it is difficult to determine the best
single-target gene and it is possible that multiple
genes must be administered for maximal effect.

Conclusion

At present, the primary treatment of auto-
immune disorders is immune modulation. The
production of pro-inflammatory cytokines by
epithelial cells, as well as lymphocytes, in SS is a
hallmark of this disease. However, the etiology
of SS is clearly multifactorial and suggests that
numerous targets for therapeutic intervention
are possible, as indicated herein. Using gene
therapy directed at the salivary gland would cre-
ate a local expression of the therapeutic mole-
cule that would more closely mimic their
natural expression and limit side effects associ-
ated with systemic expression. Furthermore, the
technology to delivery genes to the salivary
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proteins to defined cell types.
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Conclusion

e Sjogren’s syndrome (SS) is a multifactorial autoimmune disorder characterized by mononuclear cell

e SS occurs alone (primary) or in association with another autoimmune disorder (secondary).
e Current treatments are saliva substitutes, artificial tears and hydroxochloroquine.

e Current clinical trials indicate that immunomodulatory protein therapy can benefit patients with

¢ Protein therapies suffer from ineffective administration routes, which require frequent delivery and

¢ The process of delivering DNA-encoding therapeutic proteins to target cells or tissue.

e Targeted delivery can result in higher local protein concentrations,but low systemic levels.

¢ The salivary glands in SS patients are ideal depot organs for expression of therapeutic proteins.

e Recombinant adenovirus (rAd) and adeno-associated virus (rAAV) are effective vectors in the salivary gland.

¢ Potential target molecules for gene therapy fall into several categories effectors of inflammation,
apoptosis, parasymphathetic cell signaling and water channel proteins.

e Gene therapy has been tested in nonobese diabetic (NOD) mice.
e NOD mice are a widely used model for SS, but lack stability and develop diabetes.
¢ New models may overcome the limitations of the NOD model.

e Gene therapy is a new approach in SS treatment, which may benefit patients by delivering localized
expression of therapeutic molecules that limit systemic side effects.
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