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Abstract

Sjogren’s syndrome (SS) is a chronic autoimmune disorder of
exocrine glands characterized as an autoimmune exocri-
nopathy and more specifically as an autoimmune epithelitis.
An impaired balance of neuroimmune interactions mediat-
ed by vasoactive intestinal peptide (VIP) in the target organ
at early stages of disease is explored by means of the non-
obese diabetic (NOD) mouse model of SS. We have previ-
ously described a reduced salivary secretion and signaling
upon VIP stimulation. The effect reflected a differential reg-
ulation of the neural isoform of nitric oxide synthase by cal-
cium calmodulin kinase Il and occurred prior to the appear-
ance of detectable levels of cytokines in NOD glands. VIP
acting on NOD macrophages treated with lipopolysaccha-
ride promoted anti-inflammatory effects by inhibiting nitric
oxide synthase induction as well as IL.-12 and TNF-a produc-
tion, while stimulating IL-10. Here we present evidence on
the ability of apoptotic acinar cells from submandibular
glands of NOD mice to stimulate nitric oxide in both perito-
neal and glandular macrophage pools to a similar extent as
lipopolysaccharide + IFN-v. VIP was not effective to prevent
nitrite accumulation and modestly increased IL-10 levels in
macrophages coincubated with acinar cells. An enhanced

nitrite response of NOD glandular macrophages in basal and
stimulated conditions compared to peritoneal cells is also

shown. Copyright © 2007 S. Karger AG, Basel

Introduction

Sjogren’s Syndrome: Nervous and Immune

Mechanisms Involved

Sjogren’s syndrome (SS) is a chronic autoimmune dis-
order of exocrine glands characterized by a progressive
dryness of the mouth and eyes [1, 2]. SS affects mostly
women in a 9:1 relationship, it has an estimated preva-
lence of 0.5-1% based on the American-European Con-
sensus Group classification criteria (2002) and it is the
second most prevalent autoimmune rheumatic disease
after rheumatoid arthritis [3]. However, it continues to be
seriously underdiagnosed and most SS patients complain
of sicca symptoms for many years before they come to an
accurate diagnosis, strongly conditioning patients’ out-
come. While etiopathogenic mechanisms remain un-
clear, conclusive evidence of an aberrant activation of
glandular epithelial cells in the induction and perpetua-
tion of the inflammatory response has characterized SS
as an autoimmune exocrinopathy and more specifically
as an autoimmune epithelitis [4]. The mild infiltration of
exocrine glands cannot fully account for the severeness
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of sicca symptoms. Thus, glandular epithelium might not
only be a victim of the autoimmune response, but could
provide the glandular milieu with several mediators
probably involved in the pathogenesis of SS [4].

Based on the nervous and autoimmune components
that characterize SS, the hypothesis of an impaired bal-
ance of neuroimmune interactions in the target organ at
the onset of the disease seems attractive. These events
would be among the earliest events to take place in the
course of the disease and several studies on experimental
models of SS can be analyzed in line with this approach.

Nonobese Diabetic Mouse as a Suitable Model of SS

The availability of various mouse models of SS offers
the possibility of studying early neuroimmune interac-
tions in major salivary glands previous to or during the
development of the disease. Nonobese diabetic (NOD)
mice have the advantage over other SS models of develop-
ing a deep loss of secretory function [5]. Interestingly, as
it was reported for SS patients, evidence supporting a
nonimmune origin for the secretory dysfunction in this
model has been provided; congenic immunodeficient
NOD mice lack the ability to produce functional Band T
lymphocytes and, nonetheless, they showed a loss of
secretory function associated with an increased pro-
grammed cell death [6]. As in patients, a mild or absent
infiltration of glands correlated poorly with the deep loss
of saliva secretion [7]. It has been proposed that the initial
trigger of autoimmune exocrinopathy in NOD mice may
reside in a defect in salivary gland homeostasis [8]. In
keeping with this, defects in metalloproteinase expres-
sion [9] and autonomic receptor activation [10] were re-
ported in NOD glands and we described a loss of nitric
oxide synthase (NOS) activity as well as a reduced sali-
vary secretion and signaling upon vasoactive intestinal
peptide (VIP) stimulation [7, 11]. A differential regulation
of the neural isoform of NOS by CaMK II [11] occurred
prior to the appearance of detectable levels of cytokines
or infiltrating cells in NOD glands [7].

VIP is a neuro- and immunopeptide that promotes se-
cretion, contributes to vasodilation in exocrine glands
[12] and promotes anti-inflammatory effects in normal
mouse-activated macrophages by inhibiting NOS induc-
tion while stimulating IL-10 [13, 14]. It also controlled
inflammation in models of rheumatoid arthritis, Crohn’s
disease and diabetes [13, 15].

On the basis that defects in signaling circuits respon-
sive to VIP in NOD salivary glands and peritoneal mac-
rophages reported previously [7, 16] could underlie an
impairment of homeostatic control within the glands, we
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investigated whether NOD apoptotic acinar cells could
activate local (glandular) and systemic (peritoneal) mac-
rophage pools and the anti-inflammatory action of VIP.

We present evidence on the ability of apoptotic acinar
cells from submandibular glands of NOD mice to stimu-
late nitrites in both systemic and local macrophage pools
to a similar extent as lipopolysaccharide (LPS) + IFN-v.
VIP was not effective to prevent nitrite accumulation and
modestly increased IL-10 levels in macrophages co-incu-
bated with apoptotic acinar cells. We also show an en-
hanced nitrite response of NOD glandular macrophages
in basal and LPS-stimulated conditions compared to
peritoneal cells.

Materials and Methods

Animals

Eight- or sixteen-week-old NOD (prediabetic) and BALB/c fe-
male mice bred in the Central Animal Care Facility at the Univer-
sity of Buenos Aires were used and studies conducted according
to standard protocols of the institution [7, 16].

Macrophage and Acini Isolation

Peritoneal exudate cells were obtained as reported [16] and
seeded in 24-well plates at 1 X 10° cells per well. Macrophages
(>95%) were stimulated with 10 pg/ml LPS alone or with 100 U/
ml IFN-v in the presence or absence of VIP [16]. Acinar cells were
isolated from submandibular glands of NOD mice aged 8 and 16
weeks by enzymatic digestion as reported [17] and glandular mac-
rophages were separated by adherence [16]. After 3 washes, mac-
rophages (>90%) were coincubated with acinar suspensions
(3 pg/pl protein) for 90 min, then acini were decanted and mac-
rophages washed another 3 times and fresh medium was added
for 24 h. When used, VIP was included from the beginning and
readded with the fresh medium.

Detection of DNA Fragmentation

Acinar cells were collected in culture medium, pelleted and
homogenized as previously reported [18]. Digestion was allowed
to proceed, proteinase K was added and then, after precipitation
electrophoresis was carried out on 2% agarose gel, bands were ob-
served under UV transilluminator and digitalized [18].

Fluorescent Nuclear Staining of Apoptotic Cells

Cells fixed with 4% (v/v) paraformaldehyde were exposed to
0.05 g/l Hoechst 33258 dye in PBS, washed and mounted as de-
scribed [18]. Fluorescent nuclei with apoptotic characteristics
were detected by microscopy under UV illumination at 365 nm.
The images (x40) were photographed by a Nikon Coolpix 5000
and digitalized. For differential cell counting at least 500 cells
were analyzed [18].

RT-PCR and Western Blotting for Bax

Total RNA isolation and reverse transcription were performed
using Ready-to-Go (Amersham) [11, 18]. PCR amplification cy-
cles (94°C for 20 s, primer annealing at 62°C for 30 s, extension
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Fig. 1. Apoptotic process in 16-week-old
NOD mice submandibular glands acini.
To determine apoptosis, 8- and 16-week-
old NOD and BALB/c mice acinar cells
were isolated from submandibular glands.
Bax expression was determined by West-
ern blotting and DNA fragmentation by
ladder and Hoechst dye as described in b
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Materials and Methods. Results are means
+ SE of at least 3 experiments. * p < 0.05
vs. BALB/c.

Acini 16 weeks 8 weeks

at 72°C for 40 s) and 30 cycles (94°C for 45 s, 60°C for 30 s, and
72°C for 45 s) with initial incubation at 94°C for 5 min and final
incubation at 72°C for 10 min for Bax 2 and for the standard
GAPDH were performed.

The proteins were resolved in 10% SDS-PAGE, electroblotted
and incubated [11, 18] with anti-Bax antibody overnight, revealed
with anti-mouse peroxidase conjugate and detected by ECL (Am-
ersham) using a Fujifilm Dark Box II.

IL-10 and Nitrites Determination

IL-10 was determined in macrophage supernatants with cap-
ture ELISA as previously described [7]. Nitrite concentration was
determined in the same macrophage supernatants using the
Griess method [16].

Statistical Analysis

Statistical significance was determined by the two-tailed t test
for independent populations. The Student-Newman-Keuls test
after analysis of variance was used for multiple comparisons. Dif-
ferences were considered significant at p < 0.05.

Results and Discussion

Enhanced Apoptosis of NOD Acinar Cells
To determine whether apoptosis of acinar cells paral-
leled the loss of salivary function and signaling in re-
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sponse to VIP in NOD mice [7], we isolated acinar cells
from submandibular glands at 2 ages (8 and 16 weeks).
Figure 1 shows that acini from submandibular glands
of 16-week-old mice expressed Bax, were positive for
Hoechst dye and presented a DNA ladder compatible
with an apoptotic process. In contrast, acini coming
from 8-week-old mice did not show signs of apoptosis
(tig. 1d), no different from acinar cells isolated from nor-
mal BALB/c mice. These results add new evidence to pre-
vious reports on apoptosis mediated through Fas in NOD
salivary glands [6]. The signs of apoptosis were detected
in acinar cells isolated from NOD mice at 16 weeks of age
when they had already developed a significant saliva flow
reduction (more than 40% of reduction in pilocarpine-
stimulated saliva flow compared to BALB/c mice) [7]. In
contrast, NOD mice at 8 weeks of age showed normal
salivary function [7] and there was no detectable apopto-
sis in acinar cells, suggesting that apoptotic processes, if
present, might be incipient and not detectable by the
methods used. Of note, we have described apoptotic im-
ages in histological slices of submandibular glands from
10-week-old NOD mice prior to the autoimmune re-
sponse [7]. Similarly, inappropriate apoptosis in sali-
vary glands was observed in NOD-scid mice [6], and cas-
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Fig. 2. NOD peritoneal and glandular macrophages presented increased nitrite production when co-incubated
with 16-week-old NOD apoptotic acini. NOD peritoneal (a) or glandular (b) macrophages were co-incubated
with 8- or 16-week-old acini, LPS or LPS + IFN-v. Supernatants were collected for nitrite determination as de-
scribed in Materials and Methods. LPS only stimulated glandular macrophages nitrite production. Results are

means * SE of at least 3 experiments. *

pase — among other genes - appeared differentially
expressed in submandibular glands of C57BL6/NOD-
AeclAec2 mice, an SS-susceptible strain [19], supporting
the notion that early defects in the glands might predis-
pose them to the autoimmune response.

Nitrite Production by NOD Macrophages

Co-Incubated with Apoptotic Acinar Cells

We have recently reported that peritoneal macro-
phages from 16-week-old NOD mice display a differential
profile compared to normal cells upon stimulation with
LPS + IFN-v [16]. Due to the fact that LPS is an exogenous
inflammatory stimulus, and based on previous evidence
on the ability of glandular epithelial cells from SS patients
to perpetuate the inflammatory response [4], we investi-
gated the response of peritoneal macrophages coincubat-
ed with acini undergoing apoptosis or not. Figure 2a
shows that NOD peritoneal macrophages increased ni-
trite production when coincubated with apoptotic acini
from 16-week-old mice, but not with 8-week-old mice
acini. The effect was comparable to that of LPS + IFN-v,
a strong inducer of inducible NOS (iNOS) in these cells.
As shown earlier [16], figure 2a also shows that LPS alone
did not stimulate nitrite production, suggesting that the
NOD systemic pool of macrophages requires IFN-vy to
potentiate the LPS stimulus, as observed for BALB/c nor-
mal macrophages [13, 16].

We wondered whether the local pool of glandular
macrophages was also responsive to these stimuli and if
there was any difference between the local and systemic
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p < 0.05; ** p < 0.001 vs. basal in each group.

Table 1. Nitrite production in normal macrophages

Nitrites, pM/106 cells

peritoneal glandular
Basal 1.2£0.1 1.5%0.3
LPS 14%*0.1 1.2*0.1
LPS + IFN-y 11.3+0.7% 12.6x0.1%

Isolated peritoneal and glandular macrophages from BALB/c
mice were treated with LPS or LPS + IFN-vy and supernatants col-
lected for nitrite determination as described in Materials and
Methods. Results are means * SE of at least 3 experiments.

*p < 0.05 vs. basal in each group.

macrophage pools. Figure 2b shows that glandular mac-
rophages presented an activation profile similar to that of
peritoneal cells. However, LPS alone did stimulate ni-
trites in this macrophage pool and basal levels of nitrites
were higher in glandular vs. peritoneal macrophages (p <
0.05, Student’s t test). The facts that LPS alone (without
IFN-vy) was enough stimulus to increase nitrite levels
only in NOD glandular macrophages and that basal levels
were already increased suggest that iNOS of the glandu-
lar pool is induced and/or more sensitive to inflamma-
tory stimuli. The effect of LPS alone was not seen in con-
trol BALB/c macrophages from either source (table 1),
supporting that it is not attributable to glandular macro-
phage isolation protocol. Acinar cells were as potent as
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Fig. 3. VIP was unable to inhibit nitrites-increased production in NOD macrophages co-incubated with
16-week-old NOD apoptotic acini. NOD peritoneal (a) or glandular (b) macrophages were co-incubated with
16-week-old acini, LPS or LPS + IFN-v in the absence or presence of VIP (1077 M). Supernatants were collected
for nitrite determination as described in Materials and Methods. Results are means * SE of at least 3 experi-
ments. * p < 0.05; ** p < 0.001 vs. LPS + IFN-v in each group.

Table 2. IL-10 production by NOD peritoneal macrophages

IL-10, pg/10° cells

Basal 121+12
+ 8 weeks acini 170+ 16
+ 16 weeks acini 272%24
+ 16 weeks acini + VIP 469 £ 38*
+ LPS + IFN-y 25642
+ LPS + IFN-y + VIP 4,241 £ 362%*

Isolated peritoneal macrophages from NOD mice were coin-
cubated with acini of 8 and 16 weeks or treated with LPS and LPS
+ IFN-vy in the absence and presence of VIP (1077 M) and super-
natants were collected for IL-10 determination as described in
Materials and Methods. Results are means * SE of at least 3 ex-
periments.

*p <0.05 ** p <0.001 vs. basal.

LPS + IFN-v stimulus in both glandular and peritoneal
macrophages of NOD mice, probably by reaching the
maximum of NOS induction. Figure 2b and table 1 also
show that NOD glandular macrophages produce higher
nitrites than normal BALB/c cells in basal and LPS-stim-
ulated conditions (p <0.05), similarly to a previous report
[16].

Silent clearing of apoptotic cells by macrophages is
necessary and involves a downregulation of inflamma-
tory mediator production [20]. In contrast, defective
phagocytosis of apoptotic 3 cells induced an immune re-
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action, increasing the susceptibility to develop diabetes
in the NOD model [21, 22]. Also, pro-inflammatory cy-
tokine production was not reduced in macrophages from
prediabetic NOD mice upon encountering apoptotic thy-
mic cells [23]. The results shown here confirm and extend
those observations, as local apoptotic signals provided by
acinar epithelium seemed to potently stimulate macro-
phages. Acinar cells did not accumulate detectable nitrite
levels in 90 min of incubation, ruling out a contribution
from this source in the coincubation experiments.

IL-10 Production in Response to Apoptotic Acinar

Cells

We have previously shown that LPS + IFN-vy did not
increase IL-10 production in NOD peritoneal macro-
phages compared to normal BALB/c cells [16]. Notewor-
thy, as shown in table 2, apoptotic acini were not able to
increase IL-10 levels in NOD peritoneal macrophages ei-
ther. The release or not of the anti-inflammatory cyto-
kine IL-10 following the binding of apoptotic cells to
macrophages strongly depends on the participating cells
[24] and can probably influence the course to chronic in-
flammatory and autoimmune diseases. The high nitrite
response of NOD macrophages to both LPS + IFN-y and
apoptotic acinar cells and the lack of response with an
increase in IL-10 production shown here might reflect a
defective regulation upon inflammatory stimuli. NOD
glandular macrophages did not show detectable levels of
IL-10 in these conditions, probably reflecting the need for
further concentration of the cells for this kind of study.
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Effect of VIP on NOD Macrophage Response

We have previously shown that VIP prevented nitrite,
TNF-o and IL-12 production induced by LPS + IFN-vy in
the peritoneal pool of NOD macrophages [16]. VIP was
shown to prevent iNOS induction in normal mouse mac-
rophages by inhibiting NF-«B [14] and also through IL-
10 in NOD peritoneal macrophages [16]. Here we show
that VIP was unable to inhibit iNOS induction in both
pools of macrophages stimulated with acinar cells (fig. 3).
On the other hand, VIP only slightly increased IL-10 in
peritoneal macrophages coincubated with apoptotic aci-
nar cells (table 2). This modest effect of VIP contrasted
with the huge increase in IL-10 levels obtained when
macrophages were stimulated with LPS + IFN-vy (table 2).
Taken together, these results indicate that VIP does not
regulate NOD macrophage response to an apoptotic
stimulus as it does with LPS stimulation in both system-
ic and local pools.

Concluding Remarks

VIP has the ability to ‘dialogue’ in both the immune
and nervous systems, thus taking center stage in the NOD
model of Sjogren’s exocrinopathy. We have profited from
the NOD mouse model of SS in an attempt to disclose
neuroimmune mechanisms mediated by VIP in salivary

glands. In this context, we analyzed VIP nervous and im-
mune profiles and described a reduced secretory and sig-
naling response to VIP in salivary glands and a defect in
macrophage regulatory pathways in response to LPS and
to NOD apoptotic acinar cells. VIP reduced nitrites in
NOD macrophages treated by LPS + IFN-v, but was inef-
fective to modulate macrophage activation by acinar cells
independently of the local or systemic localization of the
cells. It is tempting to speculate that the modulation of
local inflammatory stimuli acting on macrophages with-
in the glands might be in part under the homeostatic sur-
veillance of VIP. If so, the aberrant activation of macro-
phages by apoptotic signals that circumvents VIP control
by maintaining high levels of nitrites and low levels of IL-
10 shown here would disrupt gland homeostasis and pro-
mote further inflammatory/apoptotic damage. Whether
VIP has a role as an anti-inflammatory mediator in vivo
for NOD exocrinopathy remains unknown, though it re-
versed salivary dysfunction when given by means of a
gene-transfer system [25] and had an anti-inflammatory
preventive effect in diabetic NOD mice [15].

Acknowledgments

This work was supported by grants PICT 13647 and 10901
(ANPCyT), PIP 5638 (CONICET), and UBACyT X110 from the
University of Buenos Aires.

References

1 Strand V, Talal N: Advances in the diagnosis »7 RosignoliF, Roca V, Meiss R, Leceta ], Goma- >11 Rosignoli F, Roca V, Meiss R, Pregi N, Pérez
and concept of Sjogren’s syndrome (autoim- riz RP, Pérez Leir6s C: Defective signalling in Leiros C: Inhibition of calcium-calmodulin
mune exocrinopathy). Bull Rheum Dis 1980; salivary glands precedes the autoimmune re- kinase restores nitric oxide production and
92:212-226. sponse in the non-obese diabetic mouse signaling in submandibular glands of a

P2 Fox RI, Michelson P: Approaches to the model of sialadenitis. Clin Exp Immunol mouse model of salivary dysfunction. Br J
treatment of Sjégren’s syndrome. ] Rheuma- 2005;142:411-418. Pharmacol 2004;143:1058-1065.
tol 2000;27:15-21. » 3 Robinson CP, Yamamoto H, Peck AB, Hum- ®12 Ekstrém J, Mansson B, Tobin G: Vasoactive

»3 Mavragani CP, Moutsopoulos NM, Moutso- phreys-Beher MG: Genetically programmed intestinal peptide evokes secretion of fluid
poulos HM: The management of Sjogren’s development of salivary gland abnormalities and protein from rat salivary glands and the
syndrome. Nat Clin Pract Rheumatol 2006; in the NOD-scid mouse: a potential trigger development of supersensitivity. Acta Physi-
2:252-261. for sialoadenitis of NOD mice. Clin Immu- ol Scand 1983;119:169-175.

»4 Manoussakis MN, Moutsopoulos HM: nol Immunopathol 1996;79:50-59. » 13 Gomariz RP, Juarranz Y, Abad C, Arranz A,
Sjogren’s syndrome: autoimmune epitheli- P9 Yamachika S, Nanni JM, Nguyen KH, Gar- Leceta J, Martinez C: VIP-PACAP system in
tis. Baillieres Best Pract Res Clin Rheumatol ces L, Lowry JM, Robinson CP, Brayer ], Ox- immunity: new insights for multitarget ther-
2000;14:72-95. ford GE, da Silveira A, Kerr M, Peck AB, apy. Ann NY Acad Sci 2006;1070:51-74.

»5 van Blokland SCA, Versnel MA: Pathogenesis Humphreys-Beher MG: Excessive synthesis »14 Delgado M, Munoz-Elias EJ, Gomariz RP,
of Sogren’s syndrome: characteristics of dif- of matrix metalloproteinases in exocrine tis- Ganea D: Vasoactive intestinal peptide and
ferent mouse models for autoimmune exocri- sues of NOD mouse models for Sjogren’s syn- pituitary adenylate cyclase-activating poly-
nopathy. Clin Immunol 2002;103:111-124. drome. ] Rheumatol 1998;25:2371-2380. peptide enhance IL-10 production by murine

»6 Kong L, Robinson CP, Peck AB, Vela-Roch »10 Hu Y, Purushotham KR, Wang PL, Dawson macrophages: in vitro and in vivo studies. J
N, Sakata KM, Dang H, Talal N, Humphreys- R, Humphreys-Beher MG: Down-regulation Immunol 1999;162:1707-1716.

Beher MG: Inappropriate apoptosis of sali- of B adrenergic receptors and signal trans- P15 Rosignoli F, Torroba M, Juarranz Y, Garcia-

vary and lacrimal gland epithelium of im-
munodeficient NOD-scid mice. Clin Exp
Rheumatol 1998;16:675-681.

duction response in salivary glands of NOD
mice. Am J Physiol 1994;266:G433-G443.

180

Neuroimmunomodulation 2007;14:175-181

Gomez M, Martinez C, Gomariz RP, Receta
J: VIP and tolerance induction in autoimmu-
nity. Ann NY Acad Sci 2006;1070:525-530.

Calafat/Larocca/Roca/Pérez Leirds



» 16

»17

> 13

Larocca L, Calafat M, Roca V, Franchi AM,
Pérez Leir6s C: VIP limits LPS-induced ni-
tric oxide production through IL-10 in NOD
mice macrophages. Int Immunopharmacol
2007;7:1343-1349.

Rosignoli F, Perez Leiros C: Activation of ni-
tric oxide synthase through muscarinic re-
ceptorsin rat parotid gland. Eur ] Pharmacol
2002;439:27-33.

Pregi N, Vittori D, Perez G, Perez Leiros C,
Nesse A: Effect of erythropoietin on stauro-
sporine-induced apoptosis and differentia-
tion of SH-SY5Y neuroblastoma cells. Bio-
chim Biophys Acta 2006;1763:238-246.

Neuroimmune Interactions in NOD Mice
Glands

»19

»20

»21

»22

Killedar SY, Eckenrode SE, McIndoe RA,
She JX, Nguyen CQ, Peck AB, Cha S: Early
pathogenic events associated with Sjogren’s
syndrome (SjS)-like disease of the NOD
mouse using microarray analysis. Lab Invest
2006;86:1243-1260.

Henson PM, Bratton DL, Fadok VA: The
phosphatidylserine receptor: a crucial mo-
lecular switch? Nat Rev Mol Cell Biol 2001;2:
627-633.

Brien BA, Huang Y, Geng X, Dutz JP, Fine-
good DT: Phagocytosis of apoptotic cells by
macrophages from NOD mice is reduced.
Diabetes 2002;51:2481-2488.
Homo-Delarche F: Neuroendocrine immu-
no-ontogeny of the pathogenesis of autoim-
mune diabetes in the non-obese diabetic
(NOD) mouse. ILAR ] 2004;45:237-255.

»23

»24

»25

Soffels K, Overbergh L, Giulietti A, Kasran
A, Bouillon R, Gysemans C, Mathieu C:
NOD macrophages produce high levels of in-
flammatory cytokines upon encounter of
apoptotic or necrotic cells. ] Autoimmun
2004;23:9-15.

Geske FJ, Monks J, Lehman L, Fadok VA:
The role of the macrophage in apoptosis:
hunter, gatherer, and regulator. Int ] Hematol
2002;76:16-26.

Lodde BM, Mineshiba F, WangJ, Cotrim AP,
Afione S, Tak PP, Baum BJ: Effect of human
vasoactive intestinal peptide gene transfer in
a murine model of Sjogren’s syndrome. Ann
Rheum Dis 2006;65:195-200.

Neuroimmunomodulation 2007;14:175-181

181





