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Abstract: The selective delivery of antigens to professional antigen-presenting cells represents
a promising approach to improve vaccine efficacy. Addition of a glycoamphiphile to a lipopeptide,
whose interest for vaccination is now well-established, greatly favors its solubilization in agqueous
solutions through the formation of mixed vesicles. Flow cytometry experiments indicate that
this formulation does not diminish the uptake of the lipopeptide by the dendritic cells (DCs).
These preliminary results suggest a possible straightforward, noncovalent targeting of cocktail-
lipopeptide vaccines to the DCs via carbohydrate receptor-mediated endocytosis.
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A cocktail of five lipopeptides is currently under investigation
Lipopeptide vaccines have proven their efficacy in eliciting in @ phase Il clinical trial as a therapeutic vaccine against

neutralizing antibodies, T-helper, and even cytotoxic T- HIV.' Despite the great interest of such compounds in the

lymphocyte responses against various pathogens or canters. medical field, their further development suffers from their
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lack of solubility. Indeed, due to the presence of the lipophilic liposomes, generally decorated with mannosylated or anti-
moiety, such constructs are generally sparsely soluble inreceptor antibody addressés?? The targeting of lipopep-
water and prone to aggregation, making vaccine dosetides has been envisaged only recently following a covalent
formulation difficult’213In this context, we report a novel strategy, i.e., by using lipid polylysine core peptide bearing
strategy aiming to improve the solubility of lipopeptides in sugar residues?® Here we report that palmitoylated-lysinyl
aqueous media by adding carbohydrate amphiphiles to favortrees decorated with mannose, galactose, or quinic acid
the formation of mixed vesicles. In addition, a careful choice residues efficiently solubilize a rhodaminated lipopeptide
of the carbohydrates and design of the amphiphiles might through noncovalent association. Toxicity and internalization
deeply influence the delivery of the lipopeptides to the of the vesicles thus formed were assessed by preliminary
immunocompetent cells, in particular to the DCs. Indeed, flow cytometry experiments performed on DCs.

the specific targeting of one among the numerous C-lectin

receptors expressed by DCs is of great significance sinceExperimental Section

each of them not only serves as antigen receptor but also  saperal Procedures.Analytical RP-HPLC separations
regulates the migration of the DCs and their interaction with oo performed upon a Beckman Gold System using a C4
lymphocytes'* Interest in targeting receptors like the man- (4.6 x 250 mm) column at a flow rate of 1 mL i

nose receptor was firs_t demonstra_ted by T_an etal.in Qﬁtro._ (monitoring and analysis), with detection at 215 nm, at 50
It has now been confirmed by using peptides embedded in
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°C. Gradient A/B: 100/0% to 0/100% over 30 min. Semi-

steps were performed using a TFA (12.5 mL)/thioanisole

preparative RP-HPLC separations were performed on a(766 uL)/phenol (765 mg)/EDT (384uL)/TIS (153 ul)
Waters prep 4000 RP-HPLC preparative system, using amixture far 2 h at room temperature and in the dark.

Hypersil hyperprep C-18 (300 A, 10 260 mm) column at
a flow rate of 5 mL min?, with detection at 215 nm at 50
°C. Gradient A/C: 100/0% to 70/30% over 5 min, then to
40/60% over 30 min. Solvent system A: 0.05% TFA in
water. Solvent system B: 0.05% TFA in 40% gEN—60%
water. Solvent system C: 0.05% TFA in 40%rOH-60%
water. MALDI-TOF-MS spectra were recorded on a Voyager-
DE-STR spectrometer. UV light optical microscopy was
performed on Axioplan2 Zeiss using a Zeiss No. 15 filter,
with 20 x 1.25 zooming.

Preparation of the Carbohydrate and Glycomimetic

Following precipitation in a cold heptane/diethyl ether (1/1)
mixture (200 mL), the residue was dissolved in water, freeze-
dried, and purified by RP-HPLC. The collected fractions
were freeze-dried to afforél as a pink powder (34 mg, 6%
overall yield). MALDI-TOF: [M + H]* calcd 2634.4; found
2635.7. RP-HPLC purity (215 nm): 90%.

Lipidation by Chemical Ligation. CompoundL (4.1 mg,
8.5umol) was dissolved in 8BuOH/water (70:30) mixture
(6.79 mL) using an ultrasonic bath. A 3.5 mL (4«nol)
portion of this solution was added dropwise to hydrazi-
nopeptided (11.5 mg, 3.7«umol). The resulting solution was

Clusters. Relevant data concerning both syntheses and stirred fa 4 h at 30°C. Following completion of the reaction,
characterization of the monosaccharide precursors and themonitored by RP-HPLC, the reaction mixture was diluted

clusters have been previously reportéd.
Synthesis of Rhodaminated Lipopeptide 10. Solid-Phase

with AcOH/water (5/95) and freeze-dried to furnish lipopep-
tide 8. MALDI-TOF: [M + H]* calcd 2986.7; found 2986.1.

Synthesis.The synthesis was performed at a 0.20 mmol scale RP-HPLC purity (215 nm): 89%.

on a Fmoc-Lys(Mtt)-PEG-PS resin (0.16 mmol/g) using
standard Fmot/Bu chemistry on Perseptive Pioneer peptide

Preparation of the Lipopeptide/Glycoamphiphile Mix-
ture. Typical procedure for Rho-TT-Pam/(Quipam 1/16

synthesizers. The amino acids (7 equiv) were activated usingratio: Rhodaminated lipopeptid® (1 mg, 294 nmol) was

TBTU/HOBU/DIEA (7/7/14 equiv) in DMF, double coupling.

dissolved in 7QuL of an 80% acetic acid/water mixture using

Each coupling step was followed by a capping treatment with an ultrasonic bath and further diluted with water to furnish

Ac,O/DIEA/DMF (3/0.3/96.7). Side chain protections were
as follows: Asn(Trt), GIn(Trt), Glu(Q-Bu), Lys(Boc) or
Lys(Mtt), Ser(-Bu), Thrt-Bu), Tyr(t-Bu). Fmoc amino acids

a 294uM solution of 8 in 5% acetic acid/water. A 582M
solution of (Qui)-Pam in 5% acetic acid/water was prepared
following the same protocol. Then 5L of the former

were purchased from Senn Chemicals, 5-(and 6)-carboxy-solution (15 nmol) was added to 414 of the latter one.

tetramethylrhodamine from Molecular Probes, ahyN -
tri(tert-butyloxycarbonyl)hydrazino]acetic acid from Nova-
biochem.

The Mtt protecting group of the lysine side chain was
removed by treatment with a solution of 1% TFA in &H
Cl, (7 times). Monitoring of the deprotection was realized
as described in the literatufe[N,N'-Tri(tert-butyloxycar-
bonyl)hydrazino]acetic acid (156 mg, 0.40 mmol) was then
introduced onto the peptidyl resin swollen in DMF using
TBTU (128 mg, 0.40 mmol)/HOBt (53 mg, 0.40 mmol)/
DIEA (203 uL, 1.20 mmol). Following peptide elongation
and N-terminal acylation, the Mtt group on tk@mino group

The resulting solution was rapidly freeze-dried to give a
white powder. Water (15QL) was added dropwise on the
powder, and the resulting solution was kept for 30 s in an
ultrasonic bath and for a further 10 min at 3Z to give a
clear 100uM solution of Rho-TT-Pam ready for solubili-
zation assays. For biological assays, the 100 stock
solution was diluted 5 times with either PBS (pH #.24)

or 0.9% aqueous NacCl.

Culture of Human Dendritic Cells from Peripheral
Blood. DCs were generated from blood samples provided
by the EFS (Etablissement Frais du Sang Nord-Pas-de
Calais, Lille, France) after CD14 positive selection (Miltenyi

of Lys® was deprotected as described above. The 5-(and 6)-Biotech) as previously describ&d.

carboxytetramethylrhodamine (112 mg, 0.24 mmol) was then

manually coupled (twice) onto tkeamino group with TBTU
(77 mg, 0.24 mmol)/HOBt (32 mg, 0.24 mmol)/DIEA (122
uL, 0.72 mmol) activation in DMF. The completion of the
reaction was monitored using a Kaiser t#sEinally the
peptidyl-resin was washed with DMF, GEl,, and EtO and

Lipopeptide and Mixed Micelle Uptake. After 5 days
of differentiation, immature dendritic cells or CD14 negative
cells were harvested and washed in PBS. They were first
preincubated for 10 min on ice or at 3T, depending on
the labeling conditions, then pulsed for 20 min at the same
temperature either with the lipopeptide alone or with the

dried under reduced pressure. Cleavage and deprOteCtiO'@lycoamphiphiIe/Iipopeptidic mixture, washed three times

(24) Grandjean, C.; Santraine, V.; Fardel, N.; Polidori, A.; Pucci, B.;
Gras-Masse, H.; Bonnet, D. Efficient preparation of carbohydrate-
and related polyol-amphiphiles by hydrazone ligatibetrahedron
Lett 2004 45, 3451-2303.

(25) Bourel, L.; Carion, O.; Gras-Masse, H.; Melnyk, O. The depro-
tection of Lys(Mtt) revisitedJ. Pept. Sci200Q 6, 264—270.

(26) Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P. I. Color
test for detection of free terminal amino groups in the solid-phase
synthesis of peptide#\nal. Biochem197Q 34, 595-598.
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with cold PBS, and then fixed for 20 min in paraformalde-
hyde solution (1%). The cell-associated fluorescence was
further analyzed with the flow cytometer Epics XL-MCL

(27) Grandjean, C.; Angyalosi, G.; Loing, E.; Adriaenssens, E.; Melnyk,
0.; PancteV.; Auriault, C.; Gras-Masse, H. Novel hyperbranched
glycomimetics recognized by the human mannose receptor: quinic
or shikimic acid derivatives as mannose bioisosteG¥emBio-
Chem2001, 2, 747-757.
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system (Coulter Corporation). Results are expressed in RTHN,_~_ -, NHR'
arbitrary units, called mean fluorescence intensity (MFI). L
Cell Toxicity AssessmentTo assess cell viability Trypan Mo
_blue staining was_L_Jsed. Briefly, after the usual incut_)ation, H%%HNH\/\/H
in the same conditions as for flow-cytometry analysis, the " it o v 9 /\)?\
samples were stained with a freshly prepared Trypan blue R1HN\E)I\N \E)J\NH NH;
solution, and then dead cells (stained in blue) were counted 1 > "o S
using an optical microscope. Viability for each sample is H/
expressed as the percentage of living cells. Toxicity of the RTHN 0w _NH
compounds was calculated as follows: T ,
N-R
H
toxicity = (baseline viability— sample viability)x R'= H%w sRZ=NHp 2
100/baseline viability ) on L, R? = N=C-CO-(CH2)sNHCO(CHp) 14CH3 5
H
Experiments were performed three times independently. r="%0 X RZ=NH, 3
Baseline viability varied from 82% to 92% (at &) and " R? = N=C-CO-(CH2);NHCO(CH3) 14CH3 6
from 65% to 95% (at 37C), respectively. : o Io
R'=1o ;Ri:NHQ 4
Results and Discussion oGy 1 7 NeoO CRaHEOCHaICH. 7

Synthesis of Glycoamphiphiles and Rhodaminated
Lipopeptide. The preparation of glycoamphiphiles was Figure 1. Palmitoylated o-oxo-aldehyde 1, tetravalent clus-
envisaged following a hydrazone chemoselective ligdtion ters 2—4, and their corresponding ligated amphiphiles 5—7.
between polar heads and lipophilic tails. This strategy allows
the separate handling of the hydrophobic and hydrophilic @mphiphiles would self-assemble in micelles in aqueous
moieties until their assembly, performed at the very last step Solutions. This property indeed depends on both the surface
of the synthesis in high yield and purity: thus, tetravalent area of the polar headgroup and the length of the lipidic
quinoylated, mannosylated, and galactosylated hydrazino-ta”-32’33 For instance, monosaccharide surfactants hke
L-lysinyl trees2—4, respectively, have been synthesized and alkylglucosylacrylamides, displaying a small polar head, are
further coupled to a slight excess of palmitoylateadxo- not soluble in water when the alkyl chain length is longer
aldehydel?® in 80/20 2-methyl-2-propan-2-ol/water for 5 h  than 14 carbon¥!
at 30 °C to almost quantitatively give the corresponding  Critical micelle concentrations of amphiphilés-7 are
amphiphiless—7 referred to as (Qui)Pam, (ManyPam, and  Very low, in the 5x 107°to 10> M range, as determined
(Gal)-Pam, respectively (Figure 3. by surface tension measurements and in good agreement with
Both mannosylated and quinoylatedysinyl trees have values obtained for nonionic amphiphiles bearing a hexadecyl
been shown to be effective ligands of the DC MR, quinic hydrocarbon chaift!
acid acting as a mannose bioisost®&® whereas a galac- To evaluate the effect of these palmitoylated glycoclusters
tosylated cluster, though not optimized, might target a On the lipopeptide solubilization, we planned to prepare a
different receptor, like the DC-asialoglycoprotein receptor, model lipopeptide: the promiscuous T-helper tetanus toxoid
which has been evidenced recerily. sequence, TeF% 846 was selected owing to its propensity to
Considering the length of the palmitoy! tail, we elected to aggregate, even in the absence of a lipidic modificatfon,

use tetravalent carbohydrate clusters to ensure that theand its well-established use to study immune responses.
Again, the lipidation step was envisaged following a hydra-

zone chemoselective ligation performed on the peptide

(28) Klinguer, C.; Melnyk, O.; Loing, E.; Gras-Masse, H. Synthesis
of hydrazinopeptides using solid-phase N-amination. Application

to chemical ligationTetrahedron Lett1996 37, 7259-7262. (32) Abel, E.; De Wall, S. L.; Edwards, W. B.; Lalitha, S.; Covey, D.
(29) Bonnet, D.; Bourel, L.; Gras-Masse, H.; Melnyk, O. A novel F.; Gokel, G. W. Formation of stable vesicles fron or

lipophilic glyoxylic acid derivative for the lipidation of peptides 3-alkylindoles: possible evidence for tryptophan as a membrane

using salt-free hydrazone ligatiofietrahedron Lett200Q 41, anchor in proteins]. Org. Chem200Q 65, 5901-5909.

10003-10007. (33) Hato, M.; Minamikawa, H.; Tamada, K.; Baba, T.; Tanabe, Y.
(30) Angyalosi, G.; Grandjean, C.; Lamirand, M.; Auriault, C.; Gras- Self-assembly of synthetic glycolipid/water systeidr. Colloid

Masse, H.; Melnyk, O. Synthesis and mannose receptor-mediated Interface Sci1999 80, 233-270.
uptake of clustered glycomimetics by human dendritic cells: effect (34) Retailleau, L.; Laplace, A.; Fensterbank, H.; Larpent, C. Synthesis,

of charge.Bioorg. Med. Chem. LetR002 12, 2723-2727. structural analysis, and properties OFalkylglucosyl(meth)-
(31) Valladeau, J.; Duvert-Frances, V.; Pin, J.-J.; Kleijmeer, M. J.; Ait- acrylamides: new reactive sugar surfactait©rg. Chem199§

Yahia, S.; Ravel, O.; Vincent, C.; Vega, F., Jr.; Helms, A.; 63, 608-617.

Gorman, D.; Zurawski, S. M.; Zurawski, G.; Ford, J.; Saeland, (35) Grandjean, C.; Santraine, V.; Fruchart, J.-S.; Melnyk, O.; Gras-

S. Immature human dendritic cells express asialoglycoprotein Masse, H. Combined thioether/hydrazone chemoselective ligation

receptor isoforms for efficient receptor-mediated endocytdsis. reactions for the synthesis of glycocluster-antigen peptide con-

Immunol.2001, 167, 5767-5774. jugates.Bioconjugate Chenm2002 13, 887—892.
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Scheme 1. Synthesis of the Lipopeptide 102
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labeled with rhodamine. This fluorescent probe would be
useful to assess its internalization by the DCs in the presence
or absence of glycoamphiphiles.

Thus, peptide9 was synthesized on a PEG-PS resin
preloaded with a Fmoc-Lys(Mtt) peptidyl residue using
the Fmoctert-butyl chemistry (Scheme %§. Figure 2. UV light optical micrographs (a, ¢, e, g, i) and

A hydrazino function was next introduced using,'- particle size distribution histograms (b, d, f, h, j) at 100 uM
tri(tert-butyloxycarbonyl)hydrazino]acetic aciéiafter selec-  concentration in water: (a, b) Rho-TT-Pam alone; (c, d)
tive TFA removal of the 4-methyltrityl protective grotip Rho-TT-Pam/(Qui)s-Pam, 1/1 molar ratio; (e, f) Rho-TT-Pam/
to give peptidyl resir8. Following peptide elongation and  (Qui)s-Pam, 1/4 molar ratio; (g, h) Rho-TT-Pam/(Qui)s-Pam,
N-terminal acylation, the 4-methyltrityl protective group on 1/8 molar ratio; (i, j) Rho-TT-Pam/(Qui)s-Pam, 1/16 molar
the e-amino group of Lydwas removed as described above ratio.
and the peptidyl resin further labeled with 5-(and 6)-
carboxytetramethylrhodamine. Rhodaminated-pe@idas
obtained in 6% overall yield following cleavage from the
resin, RP-HPLC purification, and freeze-drying. Finally, this

% of total area
5]
T

[
k=l
T

<1 1-5 5-10 10-25 =25
Particle size / um

(=}

software. The area of each particle on the glass slide was
compared to the total area of the particles. The measurement
was performed from a 108M concentration of Rho-TT-

. i leanl g ) Imitovlated Pam in water with an increasing amount of amphiphiles, the
intermediate was cleanly converted to its palmitoylated ,,cqntration of the latter remaining below their cmc. Rho-

analoguelOreferred to as Rho-TT-Pam, upon coupling with TT-Pam was found barely soluble in water at a 0@

oxo-aldehydel. o _ concentration forming large aggregates (Figure 2a). The size
Solubility Assays. The particle size of each formulation ¢ e than 85% of the particles was found to be superior
was determined by optical microscopy using Metamorph to 25 um in diameter (Figure 2b). As expected, average
_ _ _ ——  particle sizes diminished in the presence of an increasing
9-fluorenylmethoxycarbonyl amino acidat. J. Pept. Protein Res. up to 1/16 molar ratios (Figure 2¢). At 1/1 or 1/4 Rho-
1990 35, 161-214. TT-Pam/(Qui)-Pam molar ratios, particles appeared as

(37) Bonnet, D.; Grandjean, C.; Rousselot-Pailley, P.; Joly, P.; Bourel- .
Bonnet, L.; Santraine, V.: Gras-Masse, H.. Melnyk, O. Solid- Neterogeneous populations and some large aggregates were

phase functionalization of peptides byahydrazinoacetyl group.  Still observed by miscroscopy (Figure 2c,e). As seen in Figure
J. Org. Chem2003 68, 7033-7040. 2f, every size range was present, none of them being
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predominant. Apparent solubility was achieved at a 1/8 Rho- a)
TT-Pam/(Qui)-Pam molar ratio but was slightly improved %
at a 1/16 molar ratio. At these molar ratios, particles having

a size superior to 2am represented only 2% of the total
surface or were totally absent, respectively. In a parallel _
manner, particles having a size inferior tauth contributed ~ 20 |
to 52% and 70% of the total surface, respectively.

Taken together, these results clearly indicated the positive
effect of the amphiphiles on the solubilization of Rho-TT-
Pam. In addition, the size of the particles obtained with a
1/16 Rho-TT-Pam/(Qui)Pam molar ratio was found in
accordance with the size of particles taken up by DCs. y,
Indeed, recent studies have shown that the DCs could
internalize particles within vesicles formed by cell surface
ruffles that are up to xm in diamete@®3°

DC Uptake AssaysA 20 uM concentration for Rho-TT-
Pam, used alone or mixed with a glycoamphiphile, was
selected to assess its uptake by DCs. In the latter case%
glycoamphiphile was added to obtain the 16/1 glycoam-
phiphile/lipopeptide molar ratio which was found optimal.
Internalization of substances or microorganisms by DCs
generally proceeds via endocytosis or receptor-mediated
endo- and macropinocytosisUptake of lipopeptides has
been shown to take place via both mechani$m&For the
latter case, the receptor, which was involved in the uptake, °C in PBS or NaCl 0.9%. (a) Cell-associated fluorescence,

binds to the “pld_mmety of the “pOpeptlde_' ) ~due to the uptake of Rho-TT-Pam at 37 °C, was quantified

However, passive uptake via membrane insertion, via flip- py MF| (arbitrary units of fluorescence). (b) Index of endocy-

flop internalization, or through membrane breach might not tgsis represented as the 37 °C/4 °C ratios of the MFIs

be ruled out and has been experienced using nonendocytiGneasured for each independent experiment. FO: background

cells such as Kupfer’s celfS. (NMK). F1: Rho-TT-Pam. F2: Rho-TT-Pam/(Gal),-Pam. F3:
Rho-TT-Pam/(Man),-Pam. F4: Rho-TT-Pam/(Qui)s-Pam.

15 |
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Figure 3. Rho-TT-Pam uptake by immature DCs. Cells were
incubated with the different formulations for 20 min at 37 or 4

(38) Harding, C. V.; Song, R. Phagocytic processing of exogenous . . . . .
particulate antigens by macrophages for presentation by class | In a first series of eight independent experiments, the

MHC molecules.J. Immunol.1994 153 4925-4933. uptake of Rho-TT-Pam in the presence or absence of

(39) Tsunoda, |.; Sette, A.; Fujinami, R. S.; Oseroff, C.; Ruppert, J.; glycoamphiphile was examined by flow cytometry. As shown
Dahlberg, C.; Southwood, S.; Arrhenius, T.; Kuang, L. Q.; Kubo, in Figure 3a, the uptake of Rho-TT-Pam is slightly enhanced
R. T.; Chesnut, R. W.; Ishioka, G. Y. Lipopeptide particles as when formulated with (Ga})Pam or (Qui}Pam and equiva-
the immunologically active component of CTL inducing vaccines. |ent when using (Man)Pam in PBS (pH 7.27.4) at 37°C.
Vaccinel99917, 675-685. : e

(40) Sallusto, F.; Cella, M.; Danieli, C.; Lanzavecchia, A. Dendritic To aggess the influence Of.the buffer comp95|t|on L.jpon .the
cells use macropinocytosis and the mannose receptor to concen-somb'l'tyv three other eXperlmentS were carried out |.n saline
trate macromolecules in the major histocompatibility complex NaCl 0.9%. A better solubility of Rho-TT-Pam in the
class Il compartment: downregulation by cytokines and bacterial Presence of a 16/1 molar ratio of amphiphiles was observed

products.J. Exp. Med1995 182, 389-400. by microscopy in NaCl than in PBS. However, no significant

(41) Andrieu, M.; Loing, E.; Desoutter, J.-F.; Connan, F.; Choppin, difference in the uptake was observed (Figure 3a).
J.; Gras-Masse, H.; Hanau, D.; Dautry-Varsat, A; Guillet, J.-G.;  Each experiment was also performed atGto further
Hosmalin, A. Endocytosis of an HIV-derived lipopeptide into 404 terize the nature of the uptake. As represented in Figure
human dendritic cells followed by class I-restricted CBB( 3b. the index of endocvtosis. estimated by the uptake ratio
T lymphocyte activationEur. J. Immunol.200Q 30, 3256 ¢ ytosis, estir y p
3265. at 37°C compared to that at 4C, is superior to 1 for all

(42) Zhu, X.; Ramos, T. V.; Gras-Masse, H.; Kaplan, B. E.; BenMo- formulations, showing a significant endocytosis. This index
hamed, L. Lipopeptide epitopes extended by Ngrpalmitoyl- is not enhanced when mixed vesicles are used instead of the
lysine moiety increase uptake and maturation of dendritic cells |ipopeptide alone. However, one should consider that en-
through a Toll-like receptor-2 pathway and trigger a Thl-  docytosis of lipopeptides was previously shown to proceed
dependent protective immunitiur. J. Immunol2004 34, 1-14. efficiently and rapidly*.

(43) Thiam, K.; Loing, E.; Verwaede, C.; Auriault, C.; Gras-Masse, :

This high degree of endocytosis was strongly supported
by the comparison of Rho-TT-Pam uptake in immature
versus mature DCs. It is well-known that, in immature DCs
(after 5 days of culture), receptor-dependent pinocytosis but

H. IFN-y-derived lipopeptides: influence of lipid modification
on the conformation and the ability to induce MHC class Il
expression on murine and human cellsMed. Chem1999 42,
3732-3736.
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Figure 4. Comparison of the Rho-TT-Pam uptake by im-
mature or mature DCs. The different formulations were
incubated for 20 min at 37 °C in PBS with DCs after 5 days
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Figure 5. Toxicity of the mixed vesicles on DCs. Cells were
incubated with the different formulations for 20 min at 37 °C
or 4 °C in PBS, and dead cells were counted on an optical
microscope after Trypan blue staining. Percent of toxicity is
calculated as (baseline viability — sample viability) x 100/

baseline viability. The results shown are representative of at
least three independent experiments. Baseline viability varied
from 82% to 92% (at 4 °C) and from 65% to 95% (at 37 °C).
Left to right within each group of four bars: Rho-TT-Pam
(medium gray), Rho-TT-Pam/(Gal)s-Pam (white), Rho-TT-
Pam/(Man),-Pam (dark gray), Rho-TT-Pam/(Qui)s-Pam (black).

of culture or 7 days of culture or with mature DCs. Cell-
associated fluorescence, due to the uptake of Rho-TT-Pam
at 37 °C, was quantified by mean fluorescence intensity (MFI)
(arbitrary units of fluorescence). Left to right within each group
of five bars: background (light gray), Rho-TT-Pam (medium
gray), Rho-TT-Pam/(Gal),-Pam (white), Rho-TT-Pam/(Man),-
Pam (dark gray), Rho-TT-Pam/(Qui)s,-Pam (black). . o .
the immune response by facilitating cross-presentétion
also nonspecific endocytosis are maximal and start to declineby simply providing inflammatory signals.
during maturatiort® Therefore, we tested uptake of DCs after .
5 days of culture (immature DCs) and after 7 days of culture Conclgsmn. )
and DCs that were treated for 48 h with 10 ng/mL of LPS, In this preliminary study, we demonstrated that glycoam-
to induce maturation. As expected, upon maturation (in the Phiphiles might be useful to solubilize a lipopeptide prone

presence or absence of LPS), endocytosis of mixed vesicled© aggregatiqn and that the re;ulting mixgd micelles were
was strongly diminished (Figure 4). taken up mainly via endocytosis by DCs in vitro. Further

At this stage, we were unable to confirm by flow experiments are required to fully characterize the exact nature

cytofluorimetry whether or not the MR partially mediates ©f the vesicles formed and to qualitatively define the
the uptake of (QuiyPam and (Man)Pam. In particular, endocytic pathways involved in the mternallzqtlon. .
competitive inhibition assa§éusing mannan, a bacterial ~However, most importantly the next step will consist of
polysaccharide that binds to the MR, were not conclusive d&termining the immune response obtained and of studying
(data not shown). Presumably, confocal microscopy experi- @ POssible adjuvant effect when glycoamphiphile-lipopeptide
ments would be helpful to qualitatively characterize the Mixed vesicles are being used compared to the same

different mechanisms simultaneously involved in the up- Popeptide cocktail used alone or formulated with a non-
take DC membrane-receptor ligand polyol amphiphile.

Finally, DC viability was affected when DCs were Abbreviations Used
incubated with the different formulations of the lipopeptide.
In each case, viability diminished but the toxic effect was
less pronounced when Rho-TT-Pam alone was used rathe
than mixed vesicles (Figure 5).

The difference might be ascribed to the amount of product
used but also to the surface active properties of the
amphiphiles. According to that, toxicity was more important
at 4 °C than at 37°C: endocytosis being blocked at low

DC, dendritic cell; MR, mannose receptor; RP-HPLC,
everse-phase high performance liquid chromatography;
FA, trifluoroacetic acid;i-PrOH, propan-2-ol; MALDI-

TOF-MS, matrix-assisted laser desorption ionization mass
spectroscopy; PEG-PS, poly(ethylene glycol)-polystyrene;
Fmoc, 9-fluorenylmethoxycarbonyl; Mtt, methyiltrityl; TBTU,
2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetraflu-

T . .~ . oroborate; HOBt, 1-hydroxybenzotriazole; DIEA, diisopro-
temperature, passive insertion of the free amphiphiles into L - i
the cell membrane, which is deleterious, may be maximized, PY/amine: Trt, tityl;t-Bu, tert-butyl; Boc, tert-butyloxycar-

’ » may b ~~“"bonyl; EDT, ethanedithiol; TIS, triisopropylsilane; Rho,
However, one can expect to modulate the toxicity by varying
the nature of the lipophilic moieti?.Besides, residual toxicity
can be desirable as it may contribute to the appearance o

1(45) De Vries, J. E.; Vork, M. M.; Roemen, T. H.; Yong, Y. F,;
Cleutjens, J. P. M.; Van Der Vusse, G. J.; Bilsen, M. Saturated
but not mono-unsaturated fatty acids induce apoptotic cell death

(44) Chenevier, P.; Grandjean, C.; Loing, E.; Malingue, F.; Angyalosi, in neonatal rat ventricular myocytdspid Res.1997 38, 1384~
G.; Gras-Masse, H.; Roux, D.; Melnyk, O.; Bourel-Bonnet, L. 1394,

Grafting of synthetic mannose receptor-ligands onto onion vectors (46) Carbone, F. R.; Kurts, C.; Bennett, S. R. M.; Miller, J. F. A. P;
for human dendritic cells targetinGhem. Commur2002 2446— Heath, W. R. Cross-presentation: a general mechanism for CTL
2447, immunity and tolerancdmmunol. Todayl998 19, 368-373.
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5-(and 6)-carboxymethylrhodaminyl; Pam, palmitoyl; TT, Acknowledgment. We thank Nathalie Fardel and Linda
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cence intensity; cmc, critical micelle concentration; DMF,

dimethylformamide; Man, mannose; Gal, galactose; Qui,

quinic acid. MP050039G
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