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Abstract

Carboxymethyldextrans–benzylamide (CMDB) are dextran derivatives that are statistically substituted with
carboxymethyl and benzylamide groups. These molecules display a variety of biological effects, one of which is their
inhibitory activity against mammary tumor cell growth, both in vitro and in vivo. We and others have previously
shown that the effects of CMDB on cell growth are related to their ability to interact with the growth factor FGF-2.
The binding modifies the conformation of FGF-2, leading to the suppression of its mitogenic activity. Here, the
method previously reported to fragment natural polysaccharide fucans has been applied to CMDB (80,000 g/mol).
f-CMDB (fragmented CMDB) of molecular weights from 6000 to 20,000 g/mol were found to be more potent
inhibitors of MCF7 mammary tumor cell growth than high-molecular-weight CMDB. Confocal microscopy
experiments using CMDB and f-CMDB labeled with the fluorophore DTAF (5-([4,6-dichlorotriazine-2-yl]amino)
fluorescein) indicate that only low-molecular-weight f-CMDB penetrate into the nucleus of MCF7 cells. It is thus
assumed that the better inhibitory properties demonstrated by f-CMDB, compared with CMDB, are related to their
better ability to penetrate the nucleus and interact with nuclear targets, including topoisomerase II. The DNA
relaxation properties of the latter are inhibited in vitro by both CMDB and f-CMDB. These findings could help us
to develop models of low-molecular-weight oligosaccharide derivatives exhibiting better antiproliferative and
antitumor properties. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Carboxymethyldextrans–benzylamide (CM-
DB) are statistically carboxymethylated and
benzylaminated dextrans (Scheme 1) that dis-

Abbre6iations: CMDB, carboxymethyldextrans–benzyl-
amide; CMDBS, carboxymethyldextrans–benzylamide sul-
fonate/sulfate; FGF-2, basic fibroblast growth factor; DTAF,
5-([4,6-dichlorotriazine-2-yl]amino) fluorescein.
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Scheme 1. Schematic chemical structures of (a) CMDB (carboxymethyldextrans–benzylamide) derivatives and (b) DTAF
(5-([4,6-dichlorotriazine-2-yl]amino) fluorescein)-CMDB.

play some interesting biological activities,
such as the inhibition of mammary tumor cell
proliferation in vitro and in vivo in animal
models [1–4]. It has previously been shown
that the sulfonated versions of CMDB,
namely CMDBS, possess several heparin
properties1 such as anticoagulant activity [5–
7], cell-growth modulation [7,8] and FGF-2

protection [9,10]. Depending on the cell type,
the polymer concentration, and the degree of
substitution (ds) by carboxymethyl (CM), ben-
zylamide (B) and sulfonate (S) groups,
CMDBS modulate cell growth either nega-
tively [11,12] or positively [8,13].

CMDB lack the anticoagulant activity of
CMDBS but are more potent inhibitors of
cancer cell growth than CMDBS [1,2]. Previ-
ous studies carried out on CMDB concluded1 For a review see Ref. [5].
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that the growth factor FGF-2 is an important
target for CMDB [3]. These CMDB probably
behave as a class of low-affinity receptors for
FGF-2, similarly to heparin and heparin-re-
lated compounds [14,15], which help FGF-2
to bind to its high-affinity receptors [16,17].
CMDB have also been shown to interfere with
the FGF-2 autocrine loop that controls hu-
man breast epithelial HBL100 cell prolifera-
tion [3] and to displace FGF-2 from its
receptor, but they do not affect the binding of
insulin-like growth factor (IGF-1) and epider-
mal growth factor (EGF) to their receptors. In
fact, CMDB, but also their fragments f-
CMDB (fragmented CMDB), modify the sec-
ondary structure of FGF-2 upon their binding
to this growth factor [18]. No significant dif-
ference has been found between CMDB and
f-CMDB for their binding to FGF-2 concern-
ing the dissociation constant and the stoi-
chiometry, although these compounds do not
exert the same effects on cell-growth
inhibition.

The present work was undertaken partly in
an attempt to elucidate the origin of the
above-reported difference. We studied the ef-
fects of CMDB with different molecular
weights on cell growth in parallel to their
capacity for cell penetration. f-CMDB were
obtained from CMDB using a method devel-
oped for the degradation of natural polysac-
charides by Nardella et al. [19]. The inhibitory
effect of the compounds was measured on the
MCF7 mammary tumor cell growth and was
found to be higher for f-CMDB than for
CMDB. Yet, CMDB and f-CMDB exhibit the
same in vitro inhibitory effect against topoiso-
merase II, one potential nuclear target for
antitumoral drugs. The difference in the activ-
ity of CMDB and f-CMDB on cell growth is
thus discussed in terms of differential cell pen-
etration and accessibility to the nuclear target
topoisomerase II. Cell penetration was as-
sessed by confocal microscopy analysis with
DTAF-labeled CMDB and f-CMDB
derivatives.

2. Experimental

Materials.—Common chemicals for synthe-
sis and fragmentation were purchased in ana-

lytical grade from Carlo Erba, Fluka, E.
Merck and Sigma, and were used without
further purification. Standard Heparin H410
was obtained from the Institut Choay-Sanofi
(France).

Synthesis
Synthesis of CMDB. CMDB were prepared

from T40 dextran and characterized as previ-
ously described [6,7,20]. The final CMDB
products were obtained with a ds in CM and
B groups of 0.67 and 0.33, respectively.

Preparation of DTAF-labeled CMDB. In or-
der to label CMDB with the DTAF
fluorochrome (5-([4,6-dichlorotriazine-2-yl]-
amino) fluorescein, Sigma), some amino
groups were introduced after the carboxy-
methylation step (before the benzylamida-
tion), using bromopropylamine (ds 0.025).
This allows the fixation of the DTAF
fluorophore to the propylamine moiety as pre-
viously described [21,18].

Fragmentation of CMDB and labeled
CMDB. Polymers were fragmented into low-
molecular-weight products according to
Nardella et al. [19]. f-CMDB denotes frag-
mented labeled and unlabeled CMDB. Briefly,
fractions were obtained from high-molecular-
weight CMDB (80,000 g/mol) by using radical
process degradation. This degradation pro-
ceeds through the formation of free radicals
from the hydrogen peroxide–cupric redox sys-
tem at pH 7.4 [22]. Full-size CMDB (0.03
mmol, 2 g) were dissolved in 200 mL of water.
The degradation was conducted by pouring
copper acetate monohydrate (20 mL, 0.4
mmol, 60 mg) into this solution. Degradation
began once hydrogen peroxide was added
with a peristaltic pump (Mettler) at a selected
flow rate of 5 mL/h. The temperature was
controlled in the reactor and the pH main-
tained at 7.5 by the automatic addition of 2 M
NaOH. Reactions were conducted either at (1)
50 °C with 0.9% H2O2 or at (2) 35 °C with
0.09% H2O2, varying the reaction time from
20 to 180 min. Low-molecular-weight f-
CMDB ranging from 6000 to 10,000 g/mol
were obtained according to reaction (1) and
for fragments ranging from 10,000 to 50,000
g/mol, CMDB were treated according to reac-
tion (2). Samplings were made at 20 min (8000
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g/mol), 60 min (6000 g/mol) and 180 min
(4000 g/mol) using reaction (1) and at 20 min
(23,000–50,000 g/mol), 40 min (15,000 g/mol),
60 min (10,000 g/mol) and 180 min (7000
g/mol) using reaction (2). Reactions were
stopped by adding Chelex 100 chelating resin
(Biorad) to the slightly acidic medium, thus
allowing better elimination of cupric ions. The
solution was neutralized with NaOH 0.1 M
and desalinated on a Sephadex G15 column
(5.2×52 cm, Pharmacia). Samples were col-
lected under double detection UV spectrome-
try at 254 nm and refractometry. Fractions
were then concentrated and recovered by
lyophilization. The same protocol was used to
obtain the labeled f-CMDB. The DTAF-la-
beled CMDB were depolymerized to produce
labeled f-CMDB using reaction (1) (6000 g/
mol). Controls indicated no loss of fluores-
cence efficiency.

The chromatographic molecular weights
were determined by high-performance steric
exclusion chromatography using a Licrospher
Si 300 diol column (Merck-Clevenot) and a
Hema Sec Bio 40 column (Altech) connected
in series to a 510 model pump (E. Merck) and
to a Rheodyne injection valve with a 100 mL
loop. Columns were calibrated with standard
polysaccharides, pullulans of various molecu-
lar weights (Polymer laboratories, Interchim,
Fluka), dextran, sucrose and glucose (Sigma).
Samples were eluted in a NaCl solution 0.15
M, Na2HPO4 0.05 M pH 7.3 under refracto-
metric monitoring (Jobin–Yvon, France).
Each peak molecular weight was determined
using the GPC Chromstar software (Brüker,
Merck-Clevenot).

Biological e6aluation
Cell culture. MCF7 breast epithelial cell

lines were routinely grown in Dulbecco’s
modified Eagle’s (DMEM) (Gibco, NY) com-
plemented with 10% fetal calf serum (FCS)
(Gibco, NY), 2 mM L-glutamic acid, 1 mM
sodium pyruvate and 50 IU–50 mg/mL peni-
cillin–streptomycin mixture (Gibco). The cell-
growth study was conducted as previously
described for the HBL100 cell line [2]. Briefly,
cells were plated at a density of 2×104/well in
Falcon 24-well tissue culture plates (Polylabo,
France) for 24 h in 10% FCS–DMEM to
allow cell adhesion. Cells were then washed

with DMEM and incubated for 3 days with
the CMDB (15 mM) in 2% FCS–DMEM,
0.1% BSA medium. Cells were then washed
with PBS, dissociated with 0.025% trypsin–
EDTA (Gibco, France) and counted using a
Coulter-counter (Coultronics, France).

Cell preparation. Cells were plated on cover-
slips at a density of 2×104/well in Falcon
6-well tissue culture plates (Polylabo, France)
for 24 h in 10% FCS–DMEM. Coverslips
were washed with DMEM and incubated for
15 min or 1 h with labeled CMDB and f-
CMDB at 10, 1 or 0.1 mg/mL at room tem-
perature. Coverslips were then rinsed three
times with PBS, blocked with 0.2% BSA–PBS
and fixed for 15 min in 4% paraformaldehyde.
After rinsing with 0.2% BSA–PBS and water,
coverslips were dried, inverted and mounted
in 80% glycerol, 20% PBS and 0.1 M N-
propylgallate (Sigma).

Fluorescence confocal microscopy. Digitized
images of 2 mm confocal optical sections of
preparations were acquired in horizontal sec-
tions (z-scan) using a Biorad MRC 600 laser
scanning microscope. A multiple line argon
laser beam (25 mW) was used with the COS-

MOS software package (Biorad) mounted on a
Nikon plan apochromat immersion objective
(×60) with a high numerical aperture. La-
beled CMDB were excited under a 488 nm
laser line and optical sections collected with
an LP emission filter at 515 nm. Serial z-sec-
tions at precise positions in the nucleus were
obtained by averaging and collecting a con-
stant number of accumulations and steps of
0.5–1 mm were carried out between each focal
plane in a horizontal section. Sections there-
fore correspond to intranuclear fluorescence.
No fluorescence was observed with free
DTAF.

Enzyme assay.—Yeast DNA topoisomerase
was obtained from overexpression in Saccha-
romyces cere6isiae as previously described [23].
The enzyme DNA substrate supercoiled
pBR322 plasmid was purchased from Sigma
and was used without further purification. The
relaxation of the supercoiled plasmid DNA
was conducted as reported earlier [24]. Briefly,
reactions were performed in standard buffer
(10 mM Tris–HCl, pH 7.4, 150 mM KCl, 5
mM MgCl2) containing 0.5 mM ATP and 150
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Table 1
Protocols used for degradation of dextran derivatives into low-molecular-weight fragments a

Temperature (°C) [H2O2] (%) ds CMCompound Mc (g/mol) ds BTime (min)

50 93500 0.65180 0.35
4000 180 50 9 0.66 0.34

1806000 50 9 0.69 0.31
35 0.9180 0.617000 0.39

12010,000 35 0.9 0.65 0.35
9015,000 35 0.9 0.65 0.35

35 0.990 0.6525,000 0.35
3550,000 0.920 0.59 0.32

a This table details the composition of the CMDB tested in this study and summarizes the results of the degradation conditions;
ds with CM and B is calculated from elemental analysis of nitrogen and from titration of the carboxylic groups. Mc,
chromatographic molecular weight (SD is 9500 g/mol).

ng of pBR322 DNA. Reaction was initiated at
30 °C for 10 min by addition of topoisomerase
II and terminated by addition of 1% SDS,
0.05% bromophenol blue and 10% sucrose,
final concentrations. Samples were submitted
to electrophoresis in 1% agarose gels at 2
V/cm for 18 h in Tris–borate–EDTA buffer
at pH 8. Photographic negatives of ethidium
bromide-stained agarose gels were scanned
with a Joyce-Loebl Chromoscan 3 densitome-
ter and the peak areas of supercoiled DNA
determined.

3. Results

The starting CMDB molecules (80,000 g/
mol) were obtained with an average ds in CM
and B groups of 0.67 and 0.33, respectively
(Scheme 1(a)). In order to label CMDB with
the DTAF fluorophore, some primary amino
groups were introduced during the car-
boxymethylation process with a final ds of
0.03 (Scheme 1(b)). CMDB and their frag-
ments possess the same overall composition in
CM and B groups and have molecular weights
ranging from 3500 to 50,000 g/mol. Sample
compositions are presented in Table 1, to-
gether with the results of the various degrada-
tion experiments. Results show that CMDB
fragments of desired molecular weights can be
obtained by combining heating, reaction dura-
tion and amount of H2O2. Note for instance
that a temperature of 50 °C and hydrogen
peroxide at 9% favor the production of low-
molecular-weight CMDB. Labeled f-CMDB

(6000 g/mol) were obtained without loss of
fluorescence efficiency from fragmentation of
DTAF-labeled CMDB.

At the end, we disposed of high- and low-
molecular-weight labeled or not labeled
CMDB (CMDB and DTAF-CMDB, f-
CMDB and DTAF-f-CMDB), allowing a
mass effect study of CMDB regarding both
cell-growth inhibition and cell internalization.

Fragmented f-CMDB are more potent in-
hibitors of cell growth than full-size CMDB.—
In previous work, we and others have shown
that modified dextrans inhibited the growth of
various breast epithelial cell lines [2,25]. The
effect varied according to the cell line exam-
ined, the CMDB concentration and the degree
of CMDB substitution by CM and B groups.
Now, we report on the CMDB size effects.
Fig. 1 shows the effects of CMDB and of their
fragments f-CMDB on the growth of breast
cancer MCF7. Globally, f-CMDB exert a

Fig. 1. Histogram reflecting the activities of CMDB with
various molecular weights on MCF7 cell proliferation.
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Fig. 2. Confocal microscopic analysis of the fluorescent stain-
ing of MCF7 cells with: (a) DTAF-CMDB and (b,c) DTAF-
f-CMDB. MCF7 cells were incubated for 30 min at 37 °C
with 0.1 mg/mL of: (a) high (CMDB, 80,000 g/mol) and (b,c)
low ( f-CMDB, 6000 g/mol) molecular weights. Controls per-
formed with DTAF alone are not shown.

Detection of low-molecular-weight CMDB in
the nucleus by confocal microscopy.—Results
of a previous work have suggested that the
biological effects of CMDB could be modu-
lated by their ability to enter the nucleus [18].
Here, the propensity of f-CMDB (6000 g/mol)
and that of their parent CMDB (80,000 g/
mol) to penetrate into the cell was assessed by
confocal microscopy using the DTAF-labeled
derivatives. Such labeling is well adapted to
confocal microscopy analysis. The method
provides a topological evaluation of CMDB
and f-CMDB distribution in the cell, and in
order to obtain precise staining several expo-
sure times (from 30 min to 2 h) and several
labeled CMDB concentrations (0.1 to 10 mg/
ml) were assayed. The signal/noise fluores-
cence allowing the best staining was obtained
with a compound concentration of 0.1 mg/mL
with 30 min fixation time. Fig. 2(a) shows that
weak cytoplasmic fluorescence occurred in the
breast cancer MCF7 cells incubated with the
high-molecular-weight CMDB. Staining was
concentrated in the extracellular matrix, at the
cell surface, and in the cytoplasmic area
around the nuclear perimeter. No fluorescence
was detected in the nucleus, indicating that the
nucleolus was not stained. In contrast, abun-
dant low-molecular-weight labeled f-CMDB
were found around the nucleus and probably
also in the nucleolus, as illustrated in Fig. 2(b)
and with a greater magnification in Fig. 2(c).
In fact, the pattern provided by 2 mm confocal
laser sections through the cell revealed that
fluorescence was present within the nucleus
and highly concentrated around the nuclear
envelop. In comparison, cells used as controls
incubated with free DTAF did not exhibit a
similar pattern of fluorescence (data not
shown), indicating that free DTAF does not
penetrate into the nucleus.

CMDB inhibit the catalytic acti6ity of DNA
topoisomerase II.—The effects of the modified
dextrans CMDB on the catalytic activity of
topoisomerase II were measured through a
relaxation assay of supercoiled pBR322 plas-
mid. The electrophoresis gel presented in Fig.
3 shows that inhibition of topoisomerase II
starts at 100 nM CMDB. CMDB and short
fragments, f-CMDB, display similar effects on
the catalytic activity of topoisomerase II.

greater inhibitory effect on the growth of these
cancer cells than the parent CMDB (80,000
g/mol). Antiproliferative effects are at a maxi-
mum for fragments ranging from 6000 to
20,000 g/mol. The same is true for DTAF-la-
beled CMDB (data not shown).
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Fig. 3. Inhibition of the catalytic activity of purified yeast
topoisomerase II by CMDB as measured by relaxation assay.
Supercoiled pBR322 plasmid DNA was relaxed by topoiso-
merase II in the absence (lane 1) or presence of 500, 100, 10,
5 or 1 nM CMDB (lanes 2–6, respectively). S, supercoiled
DNA; R, relaxed DNA.

the simpler dextran and CMD remain inactive
even at high concentrations. The efficiency of
CMDB appears to be associated with their
content in both CM and B groups [2], these
groups being directly involved in the interac-
tions with important amino acid residues of
the growth factor FGF-2 [3,18].

We have used circular dichroism and
fluorescence anisotropy measurements to
show that the conformation of FGF-2 is sig-
nificantly altered upon its binding to CMDB
and to short CMDB fragments [18]. CMDB
and fragments form a stable 1:1 complex with
FGF-2, affinities being estimated at 20910
nM from fluorescence anisotropy analysis.
CMDB compete with the FGF-2 receptor for
binding to FGF-2 but they do not disturb the
binding of IGF-1 and EGF to their receptors.
Thus, our previous results have highlighted
the binding selectivity of CMDB and their
fragments towards FGF-2. However, while
CMDB bind rather selectively to FGF-2, hep-
arin competes with CMDB for their binding
to FGF-2, strongly suggesting that the CM
and B groups of CMDB contribute to the
interaction of CMDB with a heparin-binding
region of FGF-2. In all cases, it is the result-
ing change of conformation that is presumed
to disturb the binding of FGF-2 to its recep-
tor, and, consecutively, its mitogenic activity.

Present results show that low-molecular-
weight CMDB and f-CMDB are better in-
hibitors of MCF7 breast cancer cells than
high-molecular-weight CMDB. The best f-
CMDB exhibit molecular weights ranging
from 6000 to 20,000 g/mol (25–100 saccharide
units). In contrast, for heparin and sulfated
polysaccharide fucans, the higher the molecu-
lar weight the greater the antiproliferative ac-
tivity against smooth muscle cell growth
[29,30]. CMDBS, which are polyanionic com-
pounds very similar to heparin, are more po-
tent inhibitors of smooth muscle cell growth
compared with their unsulfonated version
CMDB [30], but they exert only limited effects
on MCF7 cell growth. All these data, which
incidentally highlight a cell-type dependency,
strongly suggest that sulfated and sulfonated
compounds — that is, heparin, fucans and
CMDBS — have the same targets. But it

4. Discussion

One of the aims of this work was to com-
pare the antiproliferative properties of CMDB
and f-CMDB together with their cellular lo-
calization. Radical process degradation of
CMDB (80,000 g/mol) yielded low-molecular-
weight f-CMDB with good reproducibility
and in sufficient amounts. This method had
previously been applied to the degradation of
natural sulfated polysaccharides (fucans: [19],
heparin: [26], and dermatan sulfate: [27]).
Radical degradation proceeds at neutral pH
and is thus more convenient than the classic
acidic degradation which precipitates CMDB.
Radical degradation followed by gel chro-
matography separation has also been used
successfully for CMDBS (the sulfonated ver-
sion of CMDB), leading to a molecular-weight
distribution ranging from 5000 to 20,000 g/
mol. Other authors have observed a molecu-
lar-weight dependency of the anticomple-
mentary and anticoagulant activities of these
compounds [28].

The antiproliferative properties of the par-
ent CMDB had already been reported [1,2],
while nothing was known concerning f-
CMDB. High-molecular-weight CMDB have
been shown to inhibit the cell growth of breast
cancer mammary MCF7 by blocking the cells
at the G0/G1 transition phase. In comparison,
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appears likely that the unsulfonated dextran
derivatives CMDB have additional properties.

We have previously shown that CMDB and
f-CMDB fragments exhibit the same binding
affinity towards FGF-2 [18]. However, the size
of their inhibitory effects on cell growth was
different, suggesting that f-CMDB and
CMDB could either interact with different
domains of FGF-2 or that f-CMDB have, or
accede more easily to, additional targets in the
cell. To assess the latter point, we needed
CMDB labeled with a fluorochrome. Once
obtained, DTAF-labeled CMDB provided
DTAF-labeled f-CMDB through radical
degradation, labeled f-CMDB keeping the
same inhibitory properties as their unlabeled
counterparts.

Confocal microscopy allows us to assess the
topological distribution of labeled CMDB and
f-CMDB molecules in the cell. Abundant la-
beled CMDB fragments were observed around
the nuclear envelope and are also likely to be
found in the nucleus and the nucleolus. In
contrast, CMDB did not occupy the nucleus
but were seen rather as spots of staining in the
cytoplasm and in the cell perimeter. In con-
trast to f-CMDB, heparin fragments have
been detected only in the nuclear perimeter
[31,32]. Yet, this has suggested their implica-
tion in the activity of the nucleus, and more
particularly, in gene expression, similarly to
some heparan sulfates [33]. Moreover, it has
been previously suggested that some of the
biological effects of FGF-2 could be due to its
direct interaction with nuclear effectors [34–
38]. In fact, a recent work assumes the pres-
ence of functional high-affinity FGF receptors
in the nucleus to explain the nuclear biological
activities of FGF-2 [39]. Once in the nucleus,
the CMDB fragments could also interact with
nuclear FGF-2 and/or its receptors and the
interaction would be similar to that observed
at the cell surface [3,18]. Note, however, that
there are many other potential targets for
f-CMDB in the nucleus. For instance, f-
CMDB could bind directly to transcription
factors and regulate some biological activities
at the genetic level, as suggested for heparin
[33]. They can also bind to topoisomerase II,
which is an enzyme vital for cell life and
represents a privileged molecular target for

cytotoxic drugs. In vitro studies reveal that
CMDB and f-CMDB, similarly to heparin
and suramin [40], inhibit the catalytic activity
of topoisomerase II, likely through direct in-
teractions with basic domains of the enzyme
(here and unpublished results). Since in this
work it is demonstrated that f-CMDB are
more potent inhibitors of cell growth than
high-molecular-weight CMDB, we may con-
clude that the difference arises from a better
penetration of f-CMDB in the nucleus where
they can interact with new molecular targets.
The better penetration of f-CMDB in the
nucleus is attested to by a better staining of
the nucleolus, where topoisomerase II is
known to be present at high concentration
[41].

In conclusion, present results regarding the
differential effects of CMDB and f-CMDB on
cell growth suggest that f-CMDB can attain
and act on nuclear targets that remain inacces-
sible to larger CMDB. Obviously, additional
in vivo experiments are necessary to ascertain
the exact nature and number of these molecu-
lar targets. This information could be of great
interest for obtaining models useful for the
development of more efficient compounds
derived from CMDB.
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