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HMR3647 is a semisynthetic representative of a new group of drugs, the ketolides, derived from erythro-
mycin A. Since macrolides have been shown to accumulate in human polymorphonuclear cells (PMNs), we have
investigated the ability of the molecule HMR3647 to enter human PMNs as well as other cell types, such as
peripheral blood mononuclear cells and cell lines of hematopoietic and nonhematopoietic origin. In these
experiments, HMR3647 was compared to erythromycin A, azithromycin, clarithromycin, and roxithromycin.
Our results show that HMR3647 is specifically trapped in PMNs, where it is concentrated up to 300 times. In
addition, it is poorly released by these cells, 80% of the compound remaining cell associated after 2 h in fresh
medium. By contrast, it is poorly internalized and quickly released by the other cell types studied. This differs
from the results obtained with the macrolide molecules, which behaved similarly in the different cells studied.
In addition, subcellular fractionation of PMNs allowed us to identify the intracellular compartment where
HMR3647 was trapped. In PMNs, more than 75% of the molecule was recovered in the azurophil granule
fraction. Similarly, in NB4 cells differentiated into PMN-like cells, almost 60% of the molecules accumulated
in the azurophil granule fraction. In addition, when HMR3647 was added to disrupted PMNs, 63% accumu-
lated in the azurophil granules. Therefore, this study shows that the ketolide HMR3647 specifically accumu-
lates in PMN azurophil granules, thus favoring its delivery to bacteria phagocytosed in these cells.

HMR3647 is a member of a new group of drugs called
ketolides, in which the L-cladinose moiety of erythromycin A is
replaced by a 3-keto group (1). HMR3647 displays a broad
spectrum of activity against common respiratory and intracel-
lular pathogens and gram-positive coccus isolates resistant to
erythromycin A (2, 18). Macrolides have been shown to enter
and concentrate within human polymorphonuclear cells
(PMNs) (for a review, see references 13 and 22). Depending
on the molecule, the degree of accumulation varies; azithro-
mycin is the molecule that is most concentrated by neutrophils
(3, 19, 26).

PMNs constitute the first line of host defense, since they
migrate from the circulation to fight infectious microorganisms
in tissues. In addition to their capacity to engulf infectious
particles and produce toxic oxygen derivatives, they exert a
bactericidal action through the release of their granule content
into phagosomes and into the extracellular medium (4). PMNs
contain different granule populations; the azurophil granules,
which are specialized lysosomes, and the specific and gelati-
nase granules. Differential mobilization of these granules has
been reported. For instance, particulate stimuli trigger the
fusion of the three granule populations while soluble stimuli,
which bind to plasma membrane receptors, do not induce the
mobilization of azurophil granules but trigger the exocytosis of
specific and gelatinase granules (5). Retention of antibiotics
within the PMNs would favor cellular delivery of these drugs to
the site of infection in vivo. In addition, accumulation in a
granule population which is preferentially routed to phago-

somes would facilitate their delivery upon contact with bacteria
and therefore their efficiency.

It is largely agreed that macrolides accumulate in the gran-
ules of PMNs. However, the precise subcellular localization of
these antibiotics has rarely been reported. Studies with cell
sonication in the presence of detergent and sucrose have
shown that various amounts of these drugs can be found in
neutrophil granules or in macrophage lysosomes (35 to 45%
for erythromycylamin, erythromycin, or roxithromycin and
80% for dirithromycin [7, 16]). In addition, HMR3004, another
member of the ketolide family, has been shown to be massively
incorporated by PMNs and concentrated in the granular frac-
tion (23).

In the present work we have investigated whether the new
ketolide HMR3647 was able to enter PMNs and other cell
types. The uptake of HMR3647 was compared to that of eryth-
romycin A, azithromycin, clarithromycin, and roxithromycin,
whose behavior in PMNs has been extensively studied. In ad-
dition, the precise localization of HMR3647 was investigated
by subcellular fractionation of PMNs by differential centrifu-
gation procedures and Percoll gradient separation.

MATERIALS AND METHODS

Antibiotics. Azithromycin, clarithromycin, and erythromycin were purchased
from their respective manufacturers. Roxithromycin and HMR3647 (11,12-
dideoxy-3-de(2,6-dideoxy-3-C-methyl-3-O-methyl-alpha-L-ribohexopyranosyl)
oxy)-6-O-methyl-3-oxo-12,11-(oxycarbonyl((4-(4-(3-pyridinyl)-1H-imidazol-1-yl)
butyl)imino))-erythromycin) were from Hoechst Marion Roussel, Romainville,
France. They were dissolved at 200 mg/ml in H2O with 0.1% CH3COOH (vol/
vol), immediately diluted in phosphate-buffered saline to 20 mg/ml, and then
aliquoted and stored at 280°C. The radiolabelled drugs [3H]HMR3647 (35.97
Ci/mmol), [3H]azithromycin (23.48 Ci/mmol), [3H]clarithromycin (22.20 Ci/
mmol), [3H]erythromycin (20.01 Ci/mmol), and [3H]roxithromycin (21.89 Ci/
mmol) were prepared by Hoechst Marion Roussel. Tritiated antibiotics were
mixed with the unlabelled drugs to be used at 1 mCi/ml and at the desired
concentration (0.1 to 10 mg/ml).
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Cells. THP1, Jurkat, K562, NB4, and Colo205 cell lines were cultivated in
RMPI 1640 supplemented medium (glutamine, pyruvate, and HEPES) contain-
ing 10% fetal calf serum. Human PMNs and peripheral blood mononuclear cells
(PBMC) were obtained by Ficoll-Paque centrifugation from the venous blood of
healthy volunteers. The PMNs were further purified by 2% dextran sedimenta-
tion and osmotic lysis of residual erythrocytes.

Determination of cellular volumes was performed with a Coulter Counter ZM
equipped with a Channelyzer. The mean cell volume was 0.361 3 1026 ml for
PMNs. For PBMC suspensions, the mean cell volume was calculated according
to the percentage of lymphocytes (cell volume, 0.195 3 1026 ml) and monocytes
(cell volume, 0.39 3 1026 ml) in the cell suspension. The cell volumes measured
for cell lines were 1.2 3 1026 ml for THP1, 0.765 3 1026 ml for Jurkat, 1.72 3
1026 ml for K562, 1.04 3 1026 ml for NB4, and 1.44 3 1026 ml for Colo205 cells.

In some experiments, NB4 cells were differentiated into neutrophils (25). The
cells were maintained in culture in the presence of 1 mM all-trans retinoic acid for
5 days. The differentiation of nonadherent cells was assessed in each experiment
by testing their ability to generate O2

2 in response to phorbol myristate acetate
before their use (17).

Antibiotic uptake. Cells were washed and resuspended in RPMI 1640 medium
supplemented with glutamine, pyruvate, and HEPES, without serum. The cells
(2 3 106; final concentration, 5 3 106/ml) were incubated in triplicate at 37°C for
various periods (10 to 180 min) with the radiolabelled drugs at concentrations
ranging from 0.1 to 10 mg/ml. The cells were then centrifuged at 12,000 3 g for
3 min at 4°C, and the cell pellet was solubilized in ice-cold hypotonic buffer (20
mM Tris base, 10% Triton X-100, 1 mM EDTA, and 10 mg of trypsin inhibitor/
ml). The supernatant and cell-associated radioactivity were quantified by liquid
scintillation counting. Radioactive counts were recorded as disintegrations per
minute in a calibrated counter. Cell-associated antibiotic concentrations were
expressed as (i) the intracellular amount of antibiotic (nanograms of drug per 106

cells), (ii) the intracellular concentration of antibiotic (micromoles of drug per
cellular volume of 106 cells), or (iii) the ratio of the intracellular concentration
to the extracellular concentration (C/E) of antibiotic. The viability of the cells
during the experiment was assessed by measuring lactate dehydrogenase release
in the supernatant after incubation.

Antibiotic release. Cells were incubated for 2 h with 10 mg of the radiolabelled
drugs/ml as described above. They were then centrifuged, washed in ice-cold
medium, and resuspended at 5 3 106/ml in medium without antibiotic. After
various periods of incubation (0 to 120 min) at 37°C, they were centrifuged and
treated as described above for liquid scintillation counting. Data analysis was
performed as described for the uptake experiments.

Subcellular fractionation of PMNs and NB4 cells by differential centrifuga-
tion. Fractionation of PMNs was performed as previously described (15). Briefly,
the PMNs were resuspended at 108/ml in relaxation buffer (100 mM KCl, 3 mM
NaCl, 10 mM PIPES (piperazine-N,N9-bis(2-ethanesulfonic acid), 3.5 mM
MgCl2, pH 7.2) and cavitated in a nitrogen bomb for 4 min at 2,588 kPa (375
lb/in2). With this method, 10% of the cells remained intact. Debris, nuclei, and
remaining cells were sedimented for 10 min at 250 g. The granules were sedi-
mented from the postnuclear supernatant at 15,000 3 g for 10 min at 4°C. The
cytosol was separated from the postgranular membranes by centrifugation at
100,000 3 g for 45 min at 4°C. The radioactivity associated with the different
fractions was quantified by liquid scintillation counting.

Fractionation of NB4 cells was performed as previously described (25). Briefly,
the cells were cavitated in a nitrogen bomb and the nuclei, cell debris, and intact
cells were centrifuged at 300 3 g for 10 min. A fraction enriched in azurophil

granules was obtained by centrifugation of the postnuclear supernatant at
1,000 3 g for 10 min followed by separation of the granule-free membranes and
the cytosol at 100,000 3 g for 45 min.

Marker proteins (b2 microglobulin for the plasma membrane, myeloperoxi-
dase for azurophil granules, and lactoferrin for specific granules) were measured
by enzyme-linked immunosorbent assay (15) in subcellular fractions to check the
quality of the fractionation. Fractions obtained from both cell types were sepa-
rated with an efficiency comparable to that previously described (15, 25).

Subcellular fractionation of PMNs on a discontinuous Percoll gradient.
PMNs were disrupted, and nuclei and debris were removed as described above.
The postnuclear supernatant was centrifuged on a discontinuous isotonic Percoll
gradient at 48,000 3 g for 20 min as previously described (15). Four fractions,
corresponding to the cytosol, the nongranular membranes, the specific granules,
and the azurophil granules, were recovered, and the Percoll was removed by
centrifugation at 250,000 3 g for 90 min. All steps were performed at 4°C. The
radioactivity associated with the different fractions was quantified by liquid scin-
tillation counting. The extent of cross-contamination between the granule frac-
tions was evaluated by measuring myeloperoxidase and lactoferrin (15).

RESULTS

Incorporation of HMR3647 into PMNs and release from the
cells. Human PMNs were incubated with radiolabelled
HMR3647 to measure the drug uptake into the cells. The
radioactivity associated with the cell pellets and supernatants
and the mean cell volume were used to calculate the C/E ratio
of the drug. The uptake of azithromycin, clarithromycin, eryth-
romycin, and roxithromycin was assessed in parallel with triti-
ated compounds.

Figure 1A shows the results obtained for the drugs in a
representative experiment. Two groups of drugs could be
clearly distinguished based on their ability to be incorporated
into PMNs. In the first group, HMR3647 and azithromycin
were massively concentrated in PMNs. Their uptake was slow
and continuous over 2 h, reaching a C/E ratio of around 300 by
2 h. Upon further incubation of the cells (up to 3 h), incorpo-
ration of HMR3647 reached a plateau whereas azithromycin
uptake continued to increase. Clarithromycin, roxithromycin,
and erythromycin were in a second group of drugs exhibiting
different behavior. For these three macrolides, the uptake into
PMNs was moderate (maximum C/E, around 50) and reached
a plateau within 10 min (60 min for erythromycin). Further
incubation of the cells for up to 3 h did not enhance the uptake
of the drugs.

The efflux of the drugs from the cells was also monitored in
the same experiment. After incubation of the cells with the
radiolabelled compounds for 2 h, the cells were quickly washed

FIG. 1. Incorporation and release of HMR3647 and macrolide comparators into PMNs. Human PMNs were incubated with radiolabelled HMR3647 (open
squares), azithromycin (solid triangles), clarithromycin (solid diamonds), erythromycin (solid circles), and roxithromycin (open triangles) at 10-mg/ml final concentra-
tion. (A) Drug uptake was monitored at different time points and is expressed as a C/E ratio. (B) Drug release from the cells was monitored after 2 h of incubation
with the radiolabelled compounds and is expressed as the percentage of drug found in the supernatant (% efflux). The results correspond to the mean of three
independent experimental points obtained with cells from the same blood donor. Standard errors of the mean were always below 10%.
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and resuspended in medium devoid of antibiotics. The release
of radiolabelled drugs in the medium was monitored at differ-
ent time points. As shown in Fig. 1B, HMR3647 and azithro-
mycin remained trapped in the cells. Indeed, only 20% of the
drugs were recovered in the supernatants after 30 min. Further
incubation of the cells for up to 2 h did not increase the drug
efflux, and 80% of the drugs remained cell associated. On the
contrary, erythromycin, clarithromycin, and roxithromycin
showed a massive and rapid release from the cells. Around
80% of roxithromycin and clarithromycin were exported into
the medium after 20 min. The efflux of erythromycin was some-
what slower, but 70% of the drug was recovered in the super-
natant after 1 h.

Incorporation of HMR3647 into PBMC and efflux. Similar
experiments with drug uptake and efflux were performed with
PBMC. After incubation of PBMC with the radiolabelled
drugs, incorporation into the cells was monitored for all five
antibiotic compounds. The results obtained for PBMC were
similar to those obtained with PMNs for all drugs except
HMR3647 (Fig. 2). Incorporation of erythromycin, clarithro-
mycin, and roxithromycin into PBMC was moderate (maxi-
mum C/E ratio, around 50), as in PMNs (Fig. 2A). In addition,
azithromycin was strongly concentrated in PBMC, although

the C/E ratio obtained after 3 h was a little lower in PBMC
than in PMNs (300 versus 500). On the contrary, HMR3647
uptake was low and reached a plateau at a C/E of around 50 by
10 min with no further increase.

The same trend was observed when drug release was mon-
itored. As shown in Fig. 2B, erythromycin, clarithromycin, and
roxithromycin were rapidly released from PBMC whereas
azithromycin remained strongly cell associated. These results
were similar to those obtained with PMNs. By contrast,
HMR3647 incorporated into PBMC was quickly released into
the medium: as shown in Fig. 2B, more than 70% of the drug
was released into the supernatant after 1 h with only 25% of
the drug remaining cell associated. These results were in con-
trast to those obtained with PMNs, where the compound
HMR3647 remained cell associated (Fig. 1B).

Variability among donors. In order to determine the vari-
ability of the results obtained with HMR3647, the experiments
were repeated with different blood donors. Figure 3 shows the
results of independent experiments performed with PMNs or
PBMC obtained from different individuals.

Figure 3A shows the different results obtained for uptake of
the drug. Although some variability was observed in the max-
imum uptake observed with PMNs, the incorporation of

FIG. 2. Incorporation and release of HMR3647 and macrolide comparators into PBMC. Human PBMC were incubated with radiolabelled HMR3647 (open
squares), azithromycin (solid triangles), clarithromycin (solid diamonds), erythromycin (solid circles), and roxithromycin (open triangles) at 10-mg/ml final concentra-
tion. (A) Drug uptake was monitored as described in the legend to Fig. 1. The results correspond to the mean of three independent experimental points obtained with
cells from the same blood donor. Standard errors of the mean were always below 10%.

FIG. 3. Incorporation and release of HMR3647 in PMNs and PBMC from different individuals. Human PMNs (open symbols) and PBMC (solid symbols) were
obtained from different blood donors. HMR3647 uptake (A) and release (B) were monitored as described in the legend to Fig. 1. Each datum point corresponds to
the mean of three independent experimental points obtained with cells from the same blood donor. Standard errors of the mean were always below 10%.
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HMR3647 had a trend similar to that shown in Fig. 1A. In
addition, the uptakes observed in PBMC were similar in all
three individuals tested. Figure 3B shows the efflux observed
for the drug. As described in Fig. 1B and 2B, the efflux of the
drug was quick and massive in all PBMC tested whereas the
efflux was slow and minimal in the different PMNs studied.

Incorporation of HMR3647 into human cell lines. To estab-
lish whether HMR3647 preferentially accumulates in PMNs,
we analyzed the uptake of HMR3647 in several cell lines of
human origin. The cell lines used were a T-lymphocytic cell
line (Jurkat), a monocytic cell line (THP1), an erythroid lin-
eage progenitor cell type (K562), a promyelocytic cell line
(NB4), and a colon carcinoma cell line (Colo205).

As shown in Fig. 4, HMR3647 uptake was similar in all of
the cell lines studied. A rapid accumulation was observed
within 5 to 10 min, reaching a plateau at a C/E ratio around 15
to 25. Further incubation of the cells with the radiolabelled
compound did not show any increase in drug uptake. On the
contrary, the plateau slowly decreased with time (up to 3 h).
Incorporation of HMR3647 into the cell lines was even less
than that observed in PBMC with this compound. The C/E
ratio was similar in all cell types examined, independent of
their tissue origin. In particular, cell lines of nonhematopoietic
origin, such as Colo205, did not differ from hematopoietic cell
lines. In addition, NB4 cells, which are arrested at the promy-
elocytic stage of the myeloid differentiation towards polymor-
phonuclear cells (14), did not accumulate HMR3647 either.
Taken together, these results confirm that HMR3647 prefer-
entially accumulates in polymorphonuclear cells.

Effect of different extracellular concentrations of HMR3647
on PMN drug incorporation. Since plasmatic concentrations of
HMR3647 measured in vivo were shown to be lower than 10
mg/ml (24), it was of interest to examine the accumulation of
this compound in PMNs at different extracellular concentra-
tions. Human PMNs were therefore incubated with HMR3647
at concentrations ranging from 0.1 to 10 mg/ml. Two different
time points were analyzed: 5 min and 2 h. These time points
corresponded to the initial fast uptake and to the plateau
observed in initial experiments, respectively (Fig. 1A). The
results are expressed as intracellular drug quantities (nano-
grams/106 cells), calculated from the counts and the isotopic
dilution of the compound.

As shown in Fig. 5, intracellular quantities of HMR3647

increased linearly with the extracellular concentration of the
compound. After 5 min of incubation, the intracellular amount
of HMR3647 was strictly proportional to the extracellular con-
centration of the drug. Therefore, the C/E ratio was constant
and equal to 50. After 2 h of incubation, the amount of intra-
cellular drugs was also found to be proportional to the extra-
cellular concentration, with a small decrease at the highest
extracellular concentration (10 mg/ml). Thus, the C/E ratio
decreased somewhat with increasing HMR3647 extracellular
concentrations, ranging from 613 at 0.1 mg/ml to 457 at 10
mg/ml. The results obtained for 10 mg/ml at 5 min and 2 h are
in accordance with the results shown in Fig. 1A.

From these experiments, we conclude that the intracellular-
to-extracellular ratio of HMR3647 in PMNs after 5 min of
incubation is not related to the extracellular concentration of
the drug. The massive accumulation of HMR3647 observed in
PMNs can therefore occur even at 10- or 100-times-lower
concentrations of the drug in the extracellular medium. Fi-
nally, the results depicted in Fig. 5 show that the accumulation
of the drug does not reach saturation over the concentrations
tested. Indeed, intracellular quantities of the compound reach
as much as 0.4 pg per cell at these concentrations.

HMR3647 accumulates in azurophil granules of human
PMNs. In light of the massive uptake of HMR3647 by PMNs,
its subcellular localization was examined. After 120 min of in-
cubation with the radiolabelled drug (10-mg/ml final concentra-
tion), the neutrophils were disrupted. The radioactivity incor-
porated into the nuclear fraction, which also contains cell debris
and unbroken cells, was counted and found to be 25.9% of the
total. The postnuclear supernatant was further fractionated, and
the radioactivity present in the cytosol (5.4%), in the plasma
membrane fraction (0.4%), and in the granular fraction (58.1%)
was determined. Most of the drug was found in the granule
fraction, while the cell membranes and cytosol contained only
a small percentage of the incorporated radioactivity.

To identify the type of granule in which HMR3647 was
trapped, the postnuclear supernatant from the PMNs was frac-
tionated on a discontinuous Percoll gradient, which provides
an efficient separation of azurophil granules from specific and
gelatinase granules (25). Under these conditions, four fractions
were obtained: the cytosol, the plasma membrane-enriched
fraction, the specific and gelatinase granules, and the azurophil
granules. According to the results shown above, Percoll-sepa-
rated cytosolic and plasma membrane fractions contained only

FIG. 4. Incorporation of HMR3647 into human cell lines. Jurkat (solid
squares), K562 (solid triangles), THP-1 (open circles), NB4 (solid diamonds),
and Colo205 (open squares) cells were incubated with radiolabelled HMR3647
(10-mg/ml final concentration). Drug uptake by the cells was monitored at dif-
ferent time points and is expressed as the C/E ratio. The results correspond to
the means of three independent experimental points obtained with cells from the
same blood donor. Standard errors of the mean were always below 10%.

FIG. 5. Incorporation of HMR3647 in PMNs: effect of extracellular drug
concentration. Human PMNs were incubated for 5 min (solid squares) or 120
min (open squares) with radiolabelled HMR3647 at different concentrations
(0.1, 1, 2.5, 5, and 10 mg/ml). Drug incorporation into the cells is expressed as the
amount of drug (in nanograms) present in 106 cells. The results correspond to
the means of three independent experimental points obtained with cells from the
same blood donor. Standard errors of the mean were always below 10%.
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minor amounts of radioactive HMR3647 (Fig. 6). Further-
more, most of the drug (74 and 80% in two separate experi-
ments) was detected in the azurophil granule fraction, while
only 10% of the drug was in the specific-granule fraction. The
azurophil and specific-granule markers, myeloperoxidase and
lactoferrin, were measured in the fractions to check the sepa-
ration of these granules. While the azurophil granule fraction
was not contaminated by the specific-granule marker, lactofer-
rin, a contamination of specific granules by azurophil granules
was revealed by the presence of myeloperoxidase in this frac-
tion. About 25% of the myeloperoxidase cell content was
present in specific granules (Fig. 6), while it does not usually
exceed 10 to 15% after Percoll fractionation (15). This suggests
that the presence of radiolabelled antibiotic in the specific-
granule fraction could be, at least in part, due to the presence
of contaminating azurophil granules.

Next, we investigated whether the specific incorporation of
the drug in azurophil granules persisted when neutrophils were
disrupted prior to exposure to HMR3647. Postnuclear super-
natants were incubated with radiolabelled HMR3647 for 20
min at 37°C and then fractionated on Percoll gradient. Three
fractions were recovered: 63.4% of the radioactivity associated
with these fractions was found in the azurophil granules, 18.5%
was found in specific granules, and 18.1% was found in the
plasma membrane fraction. Again, we observed a contamina-
tion of specific granules by azurophil granules (30% of them
sedimented at the specific-granule density). These results show
that HMR3647 preferentially accumulates in the azurophil
granules whether cells are intact or disrupted.

The promyelocytic cell line NB4 contains azurophil granules
but not specific granules (10, 14). We have recently shown an
increase in the expression of b-glucuronidase, an enzyme of
the azurophil granule matrix, and Hck, an Src family tyrosine
kinase associated with the granule membrane, during the pro-
cess of NB4 cell differentiation into neutrophils (10, 25). This
suggests that, at the promyelocytic stage, azurophil granules
are not mature and acquire additional proteins during the
process of differentiation into neutrophil-like cells. Therefore,
we investigated whether differentiated NB4 cells would be able
to accumulate HMR3647 in their azurophil granules as ob-
served above with PMNs. Nondifferentiated and all-trans reti-
noic acid-differentiated NB4 cells were exposed to HMR3647
under the experimental conditions used for PMNs. First, we
observed a 3.7-fold increase in the C/E ratio in differentiated
NB4 cells compared to that in nondifferentiated cells (data not
shown). Second, in nondifferentiated cells, the bulk of radio-
activity was found in the cytosol and only 35% was in the
azurophil granule fraction. In contrast, in differentiated NB4
cells, almost 60% of the antibiotic was present in the azurophil
granule fraction and 40% was present in the cytosol. In both
cases, only traces of HMR3647 were detected in the granule-
free membrane fraction (Fig. 7). These results indicate that
HMR3647 accumulates in azurophil granules only in mature
granulocytes, such as differentiated NB4 cells or PMNs.FIG. 6. Accumulation of HMR3647 in PMN azurophil granules. Human

PMNs were incubated for 120 min with radiolabelled HMR3647 (10-mg/ml final
concentration) and then disrupted by nitrogen cavitation and fractionated on a
discontinuous Percoll gradient. The radioactivity incorporated into the mem-
brane fractions (Azur. Gr, azurophil granules; Spe. Gr, specific granules; Pl.
Memb, plasma membrane) and the cytosol was counted. Markers for azurophil
granules (myeloperoxidase) and specific granules (lactoferrin) were assayed in
each fraction by enzyme-linked immunosorbent assay. The data are expressed as
mean 6 standard error of the mean of four experiments.

FIG. 7. HMR3647 accumulates in azurophil granules only in NB4 cells dif-
ferentiated into PMN-like cells. NB4 cells were differentiated for 5 days in the
presence of all-trans retinoic acid. Differentiated (solid bars) and nondifferenti-
ated (crosshatched bars) cells were exposed to HMR3647 as described in the
legend to Fig. 6 and fractionated by differential centrifugation. The radioactivity
incorporated into the different fractions was counted, and the results are ex-
pressed as percentages of the radioactivity present in the postnuclear superna-
tant. The data are expressed as mean 6 standard error of the mean of two
experiments.
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DISCUSSION

The experiments presented here show that the compound
HMR3647 is specifically trapped in mature PMNs. Within
these cells, the compound has a defined tropism for azurophil
granules, in which it accumulates even when disrupted cells are
used for incubation. The compound does not enter the specific
and gelatinase granules, and only a small fraction (5%) re-
mains in the cytosol. This tropism of the compound for PMN
granules probably explains its specific cell distribution. Indeed,
in other cells, such as lymphocytes, monocytes, and the non-
hematopoietic Colo205 cells, HMR3647 is poorly internalized
and quickly released. When compared to azithromycin and to
macrolides such as erythromycin, clarithromycin, and roxithro-
mycin, HMR3647 has a distinct behavior. Indeed, molecules of
the macrolide class do not exhibit cell specificity, as they are
internalized with comparable efficiencies in different cell types
(9, 20). In our experiments, the results obtained with these
molecules were comparable to those already reported (8, 11, 21).

Although the general mechanism underlying macrolide up-
take by cells is poorly understood, one of the proposed hypoth-
eses is that macrolides are weak bases which accumulate in
acidic compartments (13, 22). Lysosomes and azurophil gran-
ules are acidic compartments with similar pH values of around
5 (12), but HMR3647 preferentially accumulates in cells con-
taining azurophil granules rather than in cells containing lyso-
somes. This indicates that the existence of an acidic compart-
ment could be necessary but is not sufficient. In addition, in our
experiments with undifferentiated NB4 cells, which contain
azurophil granules, the uptake of HMR3647 remains at a low
level and the drug stays in the cytosol with only a small fraction
entering the granules. Upon differentiation of these cells into
PMNs, we observe the accumulation of the drug in the cells
and preferential uptake into azurophil granules. This suggests
that proteins involved in the preferential accumulation of
HMR3647 are expressed during the cell differentiation pro-
cess. One can hypothesize that a plasma membrane carrier or
a protein associated with azurophil granules is involved in this
process. Further investigations with PMNs and differentiated
NB4 cells will be needed to identify such proteins as well as the
exact mechanism of drug entry into the granules.

The function of azurophil granules is to fuse with phago-
somes and deliver proteases and bactericidal proteins upon
contact with bacteria. HMR3647 can be exposed to pH values
as low as 4 and still retain its bactericidal activity (6). Specific
accumulation of the molecule into azurophil granules will favor
its delivery upon contact with a large spectrum of intracellular
bacteria, which, together with its large antibiotic spectrum, sug-
gests that it will demonstrate a potent antibiotic activity in vivo.
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