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Abstract

The dendritic cells (DCs) play a fundamental role (messengers between
innate and adaptive immunities) in the development of immune responses. They
can be activated by the danger signals (DAMPs: Damage-associated molecular pat-
tern molecules; or PAMPs: Pathogen-associated molecular pattern molecules) that
modulate the expression of specific receptors on their surface, cytokines producing
(pro-inflammatory agents) and release exosomes in an extracellular space. The ma-
jority of VIP (Vasoactive Intestinal Peptide) that is usually found in the digestive
tract plays an anti-inflammatory role by reducing DCs activation by PAMPs. This
article presents the results of a research whose objective was to study the effect of
VIP on the modulation of DC responses after an-activation by lipopolysaccharide
called LPS (PAMPs) and by Monosodium Urate Crystals MSU. (DAMPs) in the
presence or absence of VIP various cytokines dosage done using HEK- Blue™ line
indicator and ELISA method, show that LPS and MSU crystals induce the release of
pro-inflammatory cytokines by DCs in presence of VIP. These observations showed
that PAMPs and DAMPs could participate in DC activation during an infection as in
the case of infection by HIV-1, and the presence of VIP could play an inhibitor effect
on this activation and indirectly on the infection.
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Introduction

To maintain their integrity, tissues are made of immune
cells including dendritic cells (DCs) which use a variety of re-
ceptors called Pattern Recognition Receptor (PRRs) that enable
pathogen recognition. Activation of these receptors accelerates
the innate immune response recognizing conserved structural
patterns present on micro-organism envelope, PAMPs (Patho-
gen-Associated Molecular Patterns). These PAMPs can be bac-
terial components such as LPS (Lipopolysaccharide: compo-
nent of the wall of gram-negative bacteria), or even of the CpG
(unmethylated Cytosine-Guanine nucleotide repeats) which are

repetitions of non-methylated nucleotides abundantly found in
DNA (deoxyribonucleic acid) of bacteria and viruses. However,
innate immunity can also be triggered by endogenous molecules
called DAMPs (Danger-Associated Molecular Patterns) or dan-
ger signals. These DAMPs are molecules released by cells that
have undergone stress or damage!'! and can activate the immune
response or PAMPs!?. The DAMPs that catch our attention is
MSU crystals (Monosodium Urate) because they were identi-
fied as the main endogenous danger signal released by damaged
cellsPl. These crystals will enable APCs and release pro-inflam-
matory cytokines such as interleukin 1. The cytokine plays
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a main role in activating the immune system because it partici-
pates in the recruitment of inflammatory cells and is involved in
cellular proliferation, the differentiation and in the apoptosis of
inflammatory cells**7, However, to maintain homeostasis, tis-
sues produce molecules that can limit damage. The neuropeptide
Vasoactive Intestinal Peptide (VIP) are widely distributed mol-
ecules in the body and have a wide biological activity spectrum.
Among their outstanding features, there is their role as modu-
lators of cell proliferation and differentiation, especially in the
immune system®), They are produced by the innervation of lym-
phoid tissues but also by some cells, particularly Th2 lympho-
cytes. The receptors for neuropeptides are expressed by different
cell types of the immune system (DC, LB and LT) which regulate
proliferation, differentiation and migration!. It was demonstrat-
ed in the literature that the DCs express VIP receptors and that
VIP inhibits the expression of co-activator molecules, CD80/
CD86 in mature DCs and reduce their ability to activate T lym-
phocytes!'?. Also, it has been observed that neuropeptides can
directly affect the maturation and migration of DCs toward sec-
ondary lymphoid organs to prevent an immune response because
they inhibit the migration of mature DCs in a dose-dependent
manner in response to the chemokine CCL5 (Chemokine (c-c
motif) Ligand 5) and CCL19 (Chemokine (c-c motif) Ligand
19)!", In the case of HIV-1 infection, the VIP would block the
HIV-1 fusion with target cells!'>!* and reduce viral replication in
the infected macrophages!'¥. This study shows that PAMPs and
DAMPS trigger DCs to release active pro-inflammatory cyto-
kines and that VIP decreases their effects.

Materials and Methods

Reagents and antibodies

Different reagents were used in particular, the lympho-
cyte separation medium (LSM), Hank’s Buffered Salt Solution
(HBSS), Phosphate Buffered Saline (PBS), RPMI 1640 medi-
um (Roswell Park Memorial Institute) and Dulbecco’s Mod-
ified Eagle’s Medium (DMEM), Fetal Bovine Serum (FBS),
penicillin, streptomycin and primocine (preventing the contam-
ination of culture medium by inhibiting growth of Gram-pos-
itive and Gram-negative bacteria), glutamine (nutrients for
cellular growth), LPS, GM-CSF (Granulocyte Macrophage Col-
ony-Stimulating Factor), IL-4 interleukin, accutase, MSU and
VIP. The FBS was decomplemented and ultra-centrifuged to re-
move exosomes that may be present.

The LSM, HBSS, PBS, culture media RPMI 1640 and
DMEM, the FBS, penicillin, streptomycin and glutamine were
purchased from Wisent Inc. (St-Bruno, QC, CAN). The primo-
cine and LPS were purchased from /nvivoGen (San Diego, CA,
USA). GM-CSF was purchased from GenScript (Piscataway,
NJ, USA) while IL-4 comes from R & D Systems (Minneapolis,
MN, USA). Accutase is available at Innovative Cell Technolo-
gy Inc. (San Diego, CA, USA). MSU crystals were graciously
provided by Dr. Paul Naccache, University Laval (Québec, QC,
CAN). VIP was purchased from the Neuropeptide (Strasbourg,
Alsace, FRA). The secondary antibodies were from Jackson Im-
muno Research Laboratories Inc. (Baltimore, PA, USA).

Peripheral blood mononuclear cells (PBMCs)

PBMCs were isolated from healthy human blood by
density gradient using LSM. The ring of mononuclear cells
obtained was collected and washed three times with HBSS IX
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(Hanks’ Balanced Salt Solution). Then PBMCs were then cul-
tured at a concentration of 5 x 10° cells/ml in RPMI 1640 sup-
plemented with 10% FBS and in the presence of antibiotics like
penicillin (100 U/ml), streptomycin (100 U/ml), primocine (100
pg/ml) and amino acids like glutamine (2 mM). Among these
PBMC:s that were cultured, a portion of PBMC were treated or
not with the VIP (10°M) for 2 days at 37°C. Another portion
of PBMC were stimulated with MSU crystals (0.15 mg/ml), in
presence or absence of VIP (10°M) for 2 days at 37°C. Finally,
a portion of PBMC was kept for differentiation into DCs.

To obtain DCs, a positive selection of CD14+ mono-
cytes have been performed from PBMCs obtained by the meth-
od described previously. The selection was made using magnet-
ic microbeads to which anti-CD14 antibody is attached (Stem
cells, Vancouver, Canada). Once isolated, CD14+ monocytes
were cultured in 6-well plates, at a rate of 3 x 10° cells/well in
3 ml of RPMI 1640. IL4 (200 U/ml) and GM-CSF (1000 U/ml)
on days 0, 2 and 4 to ensure their differentiation into immature
DCs. After 5 days of differentiation, some immature DCs were
grown at the rate of 500,000 cells/wells in a volume of 500 pl in
duplicate in a 24-well plate with or without MSU crystals (0.15
mg/ml) for 48hrs at 37°C in the presence or absence of VIP (10
M). Then the other portion of DC’s were cultured at the rate of
500,000 cells/wells in a volume of 500 pl in duplicate in a 24-
well plate with or without LPS/IFNy (1 pg/ml/1000 U/ml final)
during 48hrs at 37°C in the presence or absence of VIP (10¢
M). Treatment of iDCs (i.e., monocytes treated with GM-CSF
and IL-4) with LPS and IFN-y is a well-known method used to
induce full maturation of DCs!'>!¢],

Methods

Evaluation of active form of pro-inflammatory cytokines

To measure TNFa or IL1 cytokines present in the su-
pernatants recovered, an Enzyme-Linked Immunosorbent Assay
(ELISA) (eBioscience, San Diego, CA, USA) and an indicator
line HEK-Blue™ TNFo/IL1B (eBioscience, San Diego, CA,
USA) have been used. This indicator cell lines were transfected
by a SEAP (Secreted Embryonic Alkaline Phosphatase) report-
er gene which is under the control an NF-kB promoter. SEAP
secretion, specific for the activation of NF-kB path by TNFa or
IL1P was measured by spectrophotometer through the use of Re-
agent Quanti-Blue™ (reagent which becomes blue/purple in the
presence of SEAP)!'7,

ELISA

The ELISA test used (“Human TNF-alpha ELISA
Ready-SET-GO!”) by eBioscience is an enzyme-linked immu-
nosorbent assay for the quantitative detection of human TNFa.
It has been conducted according to the instructions of manufac-
turer.

Statistical analysis

Statistical analysis was performed by ANOVA (one-
way ANOVA) followed tests of Tukey multiple comparisons.
These analyze were performed using the software Prism 5
(Graph Pad Software, San Diego, CA, USA). P values less than
0.05 were considered significant. * =p <0.05; ** =p <0.01; ***
=p<0,001.

Cell Immunol Serum Biol | volume 2: issue 2


http://www.ommegaonline.com

VIP decrease Dendritic Cells Activation by “PAMPS” and “DAMPS
Results

VIP effect on the activation of DCs with the measurement
of the production of TNFa or IL1f cytokines by DCs in the
response of LPS and IFNy

It is known that the production of TNFo/IL1f cytokines
is increased in DCs stimulated with LPS and IFNy!'#2% but de-
creased by LPS in the presence of VIP®2!?2, However, it is not
known if VIP may regulate the release of these cytokines by DCs
stimulated with LPS and IFNy. We are therefore studying the
effect of VIP on the production of pro-inflammatory cytokines
TNFa and IL1B. To do so, DCs were stimulated for 48 hours
with LPS and IFNy, then the supernatants were recovered and
cultured with a line of HEK-Blue™ TNFo/IL1p cells for detec-
tion of the presence of TNFa or IL1J active cytokines.

The results presented in (figure 1) show that the VIP
modulates the secretion of TNFa or IL1f by activated DCs with
LPS or IFNy. In the absence of stimulation, no effect of VIP
has been observed on the cytokines secretion. These results were
confirmed by using ELISA for TNFa. The results presented on
(figure 2) indicate a decrease of secretion of this cytokine by
DCs stimulated by LPS or IFNy in the presence of VIP.

Figure 1: VIP effect on the production of TNFa or IL1f cytokines
by DCs after a stimulation with LPS and IFNy. The immature DCs
(500.000 cells/500 pl) have been incubated in the presence or absence
of VIP (10% M final), and/or LPS/ IFNy (1 pg/ml / 1000 U/ml final)
during 48h at 37°C. Then, the supernatants have been collected and
cultured with HEK-Blue™ TNFo/IL1 cells (/nvivogen) in order to
evaluate the active TNFa or IL1P quantities. 2*=p < 0,01 ; 3* =p <
0,001.(3 donors).
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Figure 2: VIP effect on the production of TNFa by DCs after a stim-
ulation with LPS and IFNy. The immature DCs (500.000 cells/500 pl)
have been incubated in the presence or absence of VIP (10° M final)
and/or LPS (1 pg/ml final) and IFNy (1000 U/ml final) during 48h at
37°C. Then the supernatants have been collected and an ELISA test
has been performed in order to evaluate the quantity of TNFa. 3*=p <
0,001. (2 donors).

VIP effect on the production of TNFa or IL1f cytokines by
PBMC and DCs in the presence of MSU crystals

In 2006, Martinon and co-workers have shown that the
stimulation of macrophages by MSU crystals causes an increase
in the production of IL1B pro-inflammatory interleukinst®. Our
results show that activated PBMC with MSU crystals, synthe-
size a larger amount of TNFa or IL1f pro-inflammatory cyto-
kines activated versus non-activated PBMC:s. It is noted that this
increase on the cytokines synthesis is decreased when PBMC
stimulated by MSU crystals are pretreated by VIP. However,
VIP alone has no effect when PBMCs are not activated (figure
3).

Figure 3: VIP effect on the production of TNFa or IL1f cytokines by
PBMC after a stimulation with MSU crystals. PBMCs (5 x 10° cell/
ml) have been incubated in the presence or absence of VIP (10° M
final) and/or MSU crystals (0.15 mg/ml final) during 48h at 37°C. Then
the supernatants have been collected and cultured with HEK-Blue™
TNFo/IL1B cells (Invivogen) in order to evaluate the quantity of acti-
vate TNFa or IL1p. 3* = p < 0,001. (5 donors)

Discussion

Under normal physiological conditions, immune sys-
tem activation is initiated by the recognition of endogenous
danger signals called DAMPs and PAMPs respectively® 24, The
DAMPs represent products released by damaged tissues while
PAMPs are molecular patterns conserved from pathogens. They
allow to initiate an innate immune response through recognition
and activation of the receptors of the PRRs family expressed in
many immune cells like neutrophils and phagocytes especial-
ly including DCs. These phagocytes are important in remov-
ing pathogens and cellular debris, but also in the development
of an adaptive immune response!*2¢l. It is observed that in the
presence of PAMPs or DAMPs, DCs undergo maturation and
migrate thereafter to secondary lymphoid organs where they ac-
tivate the T lymphocytes’?%,

Among the PAMPs, LPS could be found in the gastro-
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intestinal tract damaged during infection by HIV-1. Indeed, hun-
dreds of billions of bacteria of the intestinal flora normally line
the intestine under physiological conditions™. It is observed
that LPS is present in large quantities in the blood circulation of
patients infected by HIV-1. The presence of LPS in blood could
be due to microbial translocation following damage of the gas-
trointestinal tract and the intestinal epithelium®32, Thus, bacte-
ria may be found in the gastrointestinal tract and participate in
the depletion of LT-CD4+. This depletion caused as a result of
a chronic immune activation by LPS or other bacterial patterns.
In fact, it has been shown that there is a correlation between
increased LPS and chronic activation of innate and adaptive im-
mune systemP?. This depletion could also be promoted by an
alteration of VIP quantity and function which is usually found
in large quantities in the gastrointestinal tracts in a physiological
condition and which contributes to tolerance®®). However, sev-
eral studies have shown that VIP can act as immunoregulatory
on activation of DCs when they are stimulated with PAMPs. VIP
significantly reduced the capacity of these cells stimulated with
LPS to activate T lymphocytes!'”. We therefore sought to con-
firm these results but in the presence of IFNy, because it is a cy-
tokine released by activated T lymphocytes that help strengthen
the activation and survival of DCs*.

Our results show that LPS and IFNy activate an increase
in the production of TNFa or IL1p pro-inflammatory active cy-
tokines through the use of indicator HEK-Blue™. However, this
technique does not differentiate TNFa and IL1B cytokines but
the advantage of this technique is that it can measure the active
cytokines. Therefore, we used ELISA to quantify TNFa and we
have confirmed an increase of this cytokine’s production. How-
ever, the results confirmed observations of other studies indicat-
ing that the production of TNFa cytokines is increased in DCs
stimulated with LPS and IFNy!'*-2%, It should be necessary to
supplement these experiences with ELISA method which allows
determining the IL1p dosage. Finally, we note that this activation
may be diminished in the presence of VIP. Indeed, the impact of
observed VIP on the activation of the DCs is that this peptide
can block the production of TNFa cytokines. Also, when a tissue
is damaged, the necrosis cells can release endogenous danger
signals called DAMPS and activate the immune response!. We
therefore wanted to verify if VIP could also have an effect on the
activation of DCs when they are exposed to endogenous danger
signals. Our results show that the MSU crystals can trigger an
increase in the production of TNFa or IL1B pro-inflammatory
cytokines by human PBMC and TNFo by human DCs. How-
ever, the amount of TNFa produced by DCs is less than when
stimulated with LPS and IFNy. It would therefore be necessary
in subsequent experiments to see if MSU crystals can trigger
an increase in the production by humans of IL1p DCs. Also, it
would be appropriate to understand the difference between the
amounts TNFa produced in response to MSU crystals versus
those produced in response to LPS/IFNy. VIP could have a pro-
tective effect vis-a-vis the rapid depletion of LT-CD4+ during
a HIV-1 infection through: a reduction of the effects of PAMPs
and DAMPs, a decrease of DCs maturation, a decrease of the
migration of DCs to the secondary lymphoid organs where the
virus transmission to T CD4+ lymphocytes takes place, and a
decrease of DCs role in the antigen presentation.
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Conclusion

The DCs are important in removing pathogens and cel-
lular debris. Our results show that LPS, in the presence of IFNy
result in an activation of DCs, and that MSU crystals result in an
activation of PBMC. Indeed, these two types of signals increase
the production of TNFa or IL1B pro-inflammatory active cyto-
kines. We have shown that VIP neuropeptide allows regulating
the activation of DCs stimulated by LPS and IFNy, or the acti-
vation of PBMC stimulated by MSU crystals. Indeed, this pep-
tide reduces the production of TNFa or IL1p cytokines by DCs
stimulated by LPS and IFNy or by PBMC stimulated by MSU
crystals. This study will increase our knowledge of the role of
VIP molecules in the regulation of pro-inflammatory cytokines.
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