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Intravenous immunoglobulin-mediated regula-
tion of Notch ligands on human dendritic cells

To the Editor:
Massoud et al1 demonstrated that intravenous immunoglobulin

(IVIg) attenuates airway inflammation through induction of
FoxP31 regulatory T (Treg) cells.1 They found that IVIg-primed
dendritic cells (DCs) in ovalbumin-exposed mice exhibited
decreased Jagged-1 and increased Delta-4 expression. Thus, the
authors conclude that reduced TH2 responses and induction of
Treg cells by IVIg might involve modulation of Notch ligands
on CD11c1 lung DCs.

As IVIg is also beneficial in patients involving predominant
TH1 responses, we explored whether data from mouse DCs under
TH2 pathologies could be translated to human DCs activated
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under TH1-promoting conditions. We studied the expression of
not only Jagged-1 and Delta-4 but also all Notch ligands.
Monocyte-derived DCs were stimulated with TLR4-agonist
LPS for 24 hours. The effect of equimolar concentrations
(0.15 mmol/L) of IVIg or irrelevant protein control human serum
albumin2 on the expression of all the Notch ligands was analyzed
(see this article’s Online Repository at www.jacionline.org).

We found that as compared with immature DCs, LPS stimu-
lation lead to significant downregulation of Jagged-1 and IVIg did
not modify the expression of Jagged-1 in LPS-stimulated DCs
(Fig 1). Furthermore, LPS alone or with IVIg did not alter the
expression of Delta-4 that was on par with unstimulated DCs.
Similar results were also obtained with respect to Jagged-2a, Jag-
ged-2b, Delta-1, and Delta-3. Although IVIg partially increased
the expression of Jagged-2a, this increase was not significant
l time RT-PCR analysis of various isoforms of Notch

PS-stimulated DCs, or DCs stimulated with LPS in

rum albumin.
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and not specific as human serum albumin also imparted the same
effect. Together our data indicated that IVIg does not modulate
the expression of Notch ligands on activated DCs and hence mod-
ulation of TH responses (and expansion of Treg cells) in humans
following IVIg therapy could be independent of Notch ligands.

The disparities in the results obtained byMassoud et al and ours
could be attributed to various factors. First, mouse and human
Notch ligands show distinct differences in their ability to promote
T-cell responses.3 While the stimulation of murine CD41 T cells
with Jagged-1 lead to TH2 responses,4 stimulation of human
CD41 T cells by Jagged-1 promoted Treg cells.5 Thus, data of
downregulated Jagged-1 expression on murine DCs by Massoud
et al reflected downregulated TH2 responses by IVIg in OVA-
induced airway hyperresponsiveness model. As IVIg did not
modify Jagged-1 expression on human DCs, our data suggest
that Treg cell expansion by IVIg in human does not implicate
Jagged-1. These results thus point toward distinct mechanisms
of Treg-cell induction by IVIg in mouse and human depending
on the type of pathologies in which IVIg is used.

Furthermore, DCs show enormous diversity and various sub-
sets of DCs have been identified on the basis of tissue distribution,
expression of innate receptors, response to stimuli, and functions.
Thus, induction of TH1 responses by CD82 splenic DCs by LPS
was dependent on Delta-4 while those from CD81 DCs were de-
pendent on IL-12.6 In human monocyte-derived DCs, LPS (from
Escherichia coli) stimulation lead to large quantities of bioactive
IL-12 (data not shown) and hence TH1 polarization by these
TLR4-stimulated DCs might be independent of Delta-4. There-
fore, the role of Notch ligands in IVIg-mediated regulation of
T-cell responses is also governed by the subset of DCs implicated
in the process.
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METHODS
Generation of human monocyte–derived DCs

PBMCs were isolated from buffy coats of healthy blood donors obtained

from Hôpital Hôtel Dieu, Etablissement Français du Sang, Paris, France.

Ethical approval had been obtained for the use of such materials. CD141
circulating monocytes were isolated from PBMCs by using CD14 magnetic

beads (Miltenyi Biotec, Paris, France). The purity was more than 98%.

Monocytes were cultured for 6 days in the presence of cytokines GM-CSF

(1000 IU/106 cells) and IL-4 (500 IU/106 cells) (both fromMiltenyi Biotec) to

obtain DCs and were used for subsequent experiments.

Culture of DCs
DCs (0.53 106/mL) were cultured with cytokines alone or cytokines plus

LPS (100 ng/0.5 3 106/mL, from Escherichia coli, Sigma-Aldrich, Lyon,

France) for 48 hours. In additional conditions, following 1-hour stimulation

of DCs with LPS, either IVIg (Sandoglobulin, CSL Behring AG, Bern, Swit-

zerland) or human serum albumin (Laboratoire Française de Biotechnologies,

Les Ulis, France) was added to cells at equimolar concentrations (0.15mmol/L)

and cultures were maintained for a total of 48 hours. IVIg was dialyzed before

use and was tested negative for endotoxins.

Quantitative real-time RT-PCR
Total cellular RNAwas isolated by using the RNA isolation kit (Invitrogen,

Life Technologies, Saint Aubin, France) according to the manufacturers’

instructions. A total of 0.5 mg of total RNAwas reverse transcribed to obtain
the cDNA by using the miScript Reverse Transcription Kit (Qiagen,

Courtaboeuf Cedex, France) following the instructions from themanufacturer.

Quantitative real-time RT-PCR was performed by using SYBRGreen PCR

mixture (KAPA Biosystems, Woburn, Mass) for quantification of the Notch

ligands’ expression at the level of mRNA.

The following PCR conditions were used:

Stage 1: 958C initial denaturation

Stage 2: (958C-30 seconds, 608C-30 seconds, 728C-40 seconds) for 40

cycles

Stage 3: 728C-5 minutes final extension and data collection

Primer sequences used in the study were as follows:

Human Delta-1 forward: 59TCCTGATGACCTCGCAACAGA 39
Human Delta-1 reverse: 59ACACACGAAGCGGTAGGAGT 39
Human Delta-3 forward: 59CACTCCCGGATGCACTCAAC 39
Human Delta-3 reverse: 59CCCGAGCGTAGATGGAAGGA 39
Human Delta-4 forward: 59TGGGTCAGAACTGGTTATTGGA 39
Human Delta-4 reverse: 59GTCATTGCGCTTCTTGCACAG 39
Human Jagged-1 forward: 59TCGGGTCAGTTCGAGTTGGA 39
Human Jagged-1 reverse: 59AGGCACACTTTGAAGTATGTGTC 39
Human Jagged-2a forward: 59AGCTGGACGCCAATGAGTG 39
Human Jagged-2a reverse: 59GTCGTTGACGTTGATATGGCA 39
Human Jagged-2b forward: 59TGGGCGGCAACTCCTTCTA 39
Human Jagged-2b reverse: 59GCCTCCACGATGAGGGTAAAG 39
Human Glyceraldehyde-3 phosphate dehydrogenase forward:

59ATGGGGAAGGTGAAGGTCG 39
Human Glyceraldehyde-3 phosphate dehydrogenase reverse:

59GGGGTCATTGATGGCAACAATA 39
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