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Abstract: OBJECTIVES: Nicotinamide phosphoribosyltransferase (NAMPT)/pre-B-cell colony-enhancing
factor/visfatin exerts multiple functions and has been implicated in the pathogenesis of rheumatoid arthri-
tis. To gain insight into its role in arthritis and given that NAMPT is identified as a novel mediator of
innate immunity, we addressed the function of monocyte-derived NAMPT in experimental arthritis by
selective gene knockdown in inflammatory monocytes. METHODS: siRNA uptake and NAMPT expres-
sion were determined in Ly6C(high) and Ly6C(low) monocyte subsets following intravenous injection
of siRNA against NAMPT (siNAMPT) or non-targeting siRNA (siCT) formulated with the DMAPAP
cationic liposome into mice. Mice with established collagen-induced arthritis (CIA) were treated weekly
after disease onset with siNAMPT or siCT and clinical features were assessed. T-helper cell frequen-
cies, cytokine production and percentage of IL-6-producing Ly6C(high) monocytes were analysed. Using
a co-culture system consisting of purified CD14 monocytes and autologous CD4 T cells, NAMPT and
cytokine production, and the percentage of IL-17-producing CD4 T cells, were determined following
transfection of CD14 monocytes with siCT or siNAMPT. RESULTS: On intravenous injection, siRNA
was preferentially engulfed by Ly6C(high) monocytes, and siRNA-mediated silencing of NAMPT ex-
pression in Ly6C(high) monocytes inhibited CIA progression. This effect was associated with reduced
IL-6 production by Ly6C(high) monocytes, reduced proportion of Th17 cells and autoantibody titers, and
decreased activation and infiltration of monocytes/macrophages and neutrophils in arthritic joints. More-
over, NAMPT-RNAi-silenced CD14 monocytes were found to reduce the percentage of IL-17-producing
CD4 T cells in vitro. CONCLUSIONS: Our results show that the expression of NAMPT in Ly6C(high)
monocytes promotes many downstream effects involved in inflammatory arthritis and demonstrate the
utility of targeting disease-causing genes, such as NAMPT, in Ly6C(high) monocytes for therapeutic
intervention in arthritis.
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MATERIALS AND METHODS 

siRNAs 

The synthetic PBEF siRNA (mouse) was purchased from CureVac (Tübingen, Germany). The 

sense sequence for the siRNA was as follows: 5’-

CCUGAGACAUCUGAUAGUAUCGAGA-3’. Human PBEF siRNA was purchased from 

Santa Cruz Biotechnologies (sc-45843). The irrelevant non-targeting control siRNA (si-CT) 

duplex and the Cy3-labeled siRNA (siGLO red transfection indicator, D-001630-02) were 

chemically synthesized by Dharmacon (ABgene, UK). 

 

Preparation of lipoplexes 

Cationic lipid 2-{3-[Bis-(3-amino-propyl)-amino]-propylamino}-N- ditetradecyl carbamoyl 

methyl-acetamide or DMAPAP (synthesized as previously described
27

) and DOPE (1,2-

dioleoyl-sn-glycero-3-phosphoethanolamine, Avanti Polar Lipids) were mixed in equimolar 

amounts to obtain a homogenous suspension of liposomes as previously described.
28

 siRNAs 

and pcDNA3 or sodium alginate (Sigma) were mixed in 150 mM NaCl before adding to 

cationic liposomes. Lipoplexes were prepared by mixing an equal volume of the siRNA 

solution to the cationic liposome suspension also in 150 mM NaCl. For injection into mice, 10 

µg of siRNA and 10 µg of pcDNA3 were mixed with 60 nmoles of cationic lipid. For 

lipofection of human CD14
+
 monocytes, 0.16 µg of siRNA and 0.096 µg of sodium alginate 

were mixed with 1.92 nmoles of cationic lipid.  

 

Induction of arthritis and treatment 



Specific pathogen-free DBA/1 mice (Harlan France) were bred in our facility and used at the 

age of 9 weeks. CIA was induced as previously described,
29

 using bovine type II collagen 

from MD Biosciences (Zurich, Switzerland), acetic acid from Sigma-Aldrich, and Freund’s 

adjuvants from Pierce (Bezons, France). CIA mice were randomized and injected 

intravenously through the tail vein with either 0.5 mg/kg of anti-NAMPT siRNA, irrelevant 

non-targeting control siRNA or Cy3-siRNA formulated as lipoplexes. Paw thickness was 

measured at indicated time points with a Mitutoyo micrometer (Sigma-Aldrich) and the 

severity of arthritis graded as previously described.
30

 Approval for these studies was obtained 

from the Ethics Committee on Animal Research of the Languedoc-Roussillon region (CE-LR-

0505).   

 

Antibodies and FACS analyses 

For blood, cells were directly stained on fresh blood, after red blood cells lysis with Facs 

Lysing Buffer (BD Biosciences). Cell suspension for spleen was prepared according to 

standard procedures. For T cells analyses, splenocytes were stimulated during 3 days with 

anti-CD3/CD28 Dynabeads (Invitrogen). For cell isolation from arthritic joint tissue, hind and 

front paws were cut open and digested with 1 mg/mL of Collagenase D (Roche) for 1 hour at 

37°C. Cells were then filtered and used for FACS analyses. For cell surface staining, 

conjugated-antibodies were used as follows: from BD Biosciences, CD11b/APC-Cy7 

(M1/70), CD11c/PerCP-Cy5.5, (HL3), purified CD16/CD32 (2.4G2), CD43/FITC (S7), 

CD62L/PE (MEL-14), Ly-6C/PE-Cy7 (AL-21), Ly6G/V450 (1A8), CD80/PE (16-10A1), 

CD3/V450 (17A2) CD4/V450/APC (RM4-5), CD8/PE-Cy7 (53-6.7); from Ebiosciences, 

CD115/APC (AFS98), F4-80/PE (BM8); and from Miltenyi Biotec MHCII/APC 

(M5:114.15.2). Cell numbers were calculated as total cells multiplied by percent cells within 



the respective gated cell populations. For human PBMCs, CD3/FITC (clone HIT3a;), 

CD56/PE (clone B159), HLA-DR/PerCP-Cy5.5 (clone L243;), CD14/PE-Cy7 (clone M5E2), 

CD16/APC-H7 (clone 3G8), CD19/V450 (clone HIB19), and CD4/V450 (clone RPA-T4) 

(BD Biosciences). For intracellular stainings, cells (1 x 10
6
 cells/well in 96-well plate) were 

stimulated for 3h with PMA (50ng/ml, Sigma) and ionomycin (250ng/ml, Sigma). Brefeldin 

A (10µg/ml, Sigma) was added during the stimulation. The Cytofix/Cytoperm kit (BD 

Pharmingen) was used according to the protocols provided by the manufacturer. Then, IL-

6/PE (clone MP5-20F3; BD Biosciences), TNF-α/APC (clone MP6-XT22; BD Biosciences), 

IFN-γ/AF488 (clone XMG1.2; BD Biosciences), IL-17A/PE (clone TC11-18H10; BD 

Biosciences) and purified NAMPT (Santa Cruz) followed by secondary Alexa 488-conjugated 

anti-goat Ab were used for murine cells. For regulatory T cells identification, unstimulated 

splenocytes were stained using FoxP3 kit (eBiosciences) according to manufacturer’s 

instructions. Intracellular staining for human cells was performed using IL-17A/AF488 (clone 

N49-653). Data were acquired on a BD FACS CANTO II (BD Biosciences) and analyzed 

using either FACS DIVA or FlowJo software. 

 

Cytokines 

At the time of euthanasia, serum samples were obtained from cardiac puncture of anesthetized 

animals. Isolated splenocytes were seeded on 24-well plates (2.4x10
6
/well) and cultured for 

24 hours in the presence of anti-CD3 mAb (2µg/ml, BD Pharmingen) and anti-CD28 mAb 

(4µg/ml, BD Pharmingen). Supernatants were stored at -20°C until subsequent quantification 

of mouse IL-6, TNF-α, IFN-γ, IL-17A and IL-10 cytokines levels using specific ELISAs 

(R&D systems).  

 



Anti-type II collagen assays 

Antibody units for bCII were determined using a standard curve reference generated from 

pooled sera of arthritic mice and assigned an arbitrary level of antigen-specific antibodies as 

previously described [46]. 

 

Human cell isolation and ex vivo RNAi assays 

Human blood samples were collected from healthy donors, and PBMCs were prepared on a 

Ficoll-Hypaque density gradient (Amersham). PBMCs were transfected with Cy3-siRNA or 

siCT (25nM) in RPMI 1640 supplemented with 10% heat-inactivated fetal calf serum, 2mM 

glutamine and 50 µg/mL penicillin/streptomycin and lipofection efficiency was assessed by 

flow cytometry 24h later. CD14
+
 Monocytes (purity >97%) were negatively selected from 

PBMCs by magnetic separation (Dynabeads Untouched Human Monocytes, Invitrogen) 

according to the manufacter’s instructions. Monocytes were lipofected with siCT or 

siNAMPT (10nM) in complete RPMI medium during 48h and stimulated with 100 ng/mL 

LPS for the last 6h. Cells were collected for flow cytometry analysis or RNA extraction. For 

coculture experiments, lipofected (siCT or siNAMPT) and stimulated (100 ng/ml LPS) 

CD14
+
 monocytes were washed prior to the addition of isolated autologous CD4

+
 T cells 

(Dynabeads Untouched Human CD4 T cells, Invitrogen).. Monocytes and CD4
+
 T cells were 

co-cultured at a 1:2 ratio. After 5 days, cells were stimulated for 3h with PMA (50ng/ml, 

Sigma) and ionomycin (1µg/ml, Sigma) in the presence of Brefeldin A (10µg/ml, Sigma) for 

subsequent FACS analyses. 

 

Quantitative reverse transcription polymerase chain reaction qPCR 



Total RNA from human CD14+ monocytes was isolated using the RNeasy mini kit 

(QIAGEN) according to the manufacter’s protocol. Total RNA (1µg) was reverse transcribed 

using Multiscribe reverse transcriptase (Applied Biosystems). Taqman primers specific to 

hNAMPT, hTNF-α, hIL-6 and hGAPDH, and Taqman Universal were used. Analyses were 

performed using Rotor-gene Q software (QIAGEN). The relative content of cDNA was 

normalized by subtracting the threshold cycle (Ct) of the endogenous GAPDH reference gene 

to the target gene (ΔCt= Ct of target gene- Ct of GAPDH). Values were expressed as the 

relative mRNA level of specific gene expression obtained using the following formula: 2
-(ΔCt)

. 

 

Statistics 

Results are presented as means (± SD) for each sample. P-values were determined using the 

non-parametric Mann-Whitney test according to the distribution of the data. Results were 

analyzed with Prism (GraphPad). 

 


