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Abstract

Low-molecular-weight heparins (LMWH) appear to prolong
survival of patients with cancer. Such a beneficial effect is
thought to be associated with interruption of molecular
mechanisms involving the heparan sulfate (HS) chains of cell
surface and extracellular matrix proteoglycans (HSPGs),
growth factors and their receptors, heparanase, and selec-
tins. The beneficial effects of heparin species could also be
associated with their ability to release tissue factor pathway
inhibitor from endothelium. The utility of heparinand LMWH
as anticancer drugs is limited due to their anticoagulant
properties. Non-anticoagulant heparins can be obtained ei-
ther by removing chains containing the antithrombin-bind-
ing sequence, or by inactivating critical functional groups or
units of this sequence. The non-anticoagulant heparins most
extensively studied are regioselectively desulfated heparins
and ‘glycol-split” heparins. Some modified heparins of both
types are potentinhibitors of heparanase. A number of them
also attenuate metastasis in experimental models. With can-
cer cells overexpressing selectins, heparin-mediated inhibi-
tion of tumor cells-platelets aggregation and tumor cell in-
teraction with the vascular endothelium appears to be the
prevalent mechanism of attenuation of early stages of me-

tastasis. The structural requirements for inhibition of growth
factors, heparanase, and selectins by heparin derivatives are
somewhat different for the different activities. An N-acety-
lated, glycol-split heparin provides an example of applica-
tion of a non-anticoagulant heparin that inhibits cancer in
animal models without unwanted side effects. Delivery of
this compound to mice bearing established myeloma tu-
mors dramatically blocked tumor growth and progression.
Copyright © 2009 S. Karger AG, Basel

Introduction

Low-molecular-weight species of heparin appear to
prolong survival of patients with cancer. In recently pub-
lished randomized controlled trials, different types of
low-molecular-weight heparin (LMWH) increased the
survival of patients with advanced cancer [1]. Animal
studies using non-anticoagulant species of heparin indi-
cate that it is possible to separate the antimetastatic and
anticoagulant activities of heparin [2]. The use of heparin
as an antitumor agent is limited due to its potent antico-
agulant activity. Because LMWHs also retain some anti-
coagulant activity, non-anticoagulant heparins are pref-
erable for potential clinical use because they could be ad-
ministered at high doses, thereby fully exploiting the
antimetastatic component of heparin, and because they
could be applied to cancer patients with bleeding compli-
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cations. The mechanism by which heparins and non-
anticoagulant heparins inhibit metastasis is not fully
understood. However, evidence suggests that heparin
species inhibit mitogenic signaling mainly through in-
hibition of growth factors and their receptors [3], and/or
by inhibition of the enzyme heparanase [4]. Another pos-
sibility is that heparin inhibits metastasis by blocking
platelet-tumor cell interactions, thereby inhibiting aggre-
gates of tumor cells lodging in the microvasculature.
Heparin and non-anticoagulant heparins also inhibit se-
lectin-mediated cell-cell interactions thus preventing ex-
travasation of blood-borne cells [5]. The present overview
covers some structural and functional aspects associated
with the anticancer activities of heparin species, with
special emphasis on non-anticoagulant heparins.

Structure and Functional Domains of Heparin

Heparin is a sulfated polysaccharide belonging to the
family of glycosaminoglycans. The structure of heparin
has been extensively investigated especially to unravel
features associated with its potent anticoagulant activity.
The emerging interest in non-anticoagulant properties of
heparin and their prospective therapeutic applications
has extended these studies with the aim of understanding
the molecular basis and possible interplay of different ac-
tivities. The anticoagulant properties of heparin have
long been thought to be exclusively associated with the
prevalent, ‘regular’ sequences of this polysaccharide. The
unexpected discovery that these properties are largely de-
pendent on small, antithrombin (AT)-binding domains
that are present in no more than one third of the chains
constituting heparins currently used in therapy hasled to
reappraisal of the role of minor sequences in determining
specificities of biological interactions of heparin [6].

Heparin is constituted by alternating disaccharide se-
quences of a uronic acid and an amino sugar, the uronic
acid residues being L-iduronic acid (IdoA) and D-gluc-
uronic acid (GlcA), and the amino sugar exclusively D-
glucosamine (GIcN). IdoA prevalently bears sulfate sub-
stituents at position 2; GlcN is prevalently N-sulfated (N-
acetylated in minor sequences) and 6-O-sulfated.

The main structural regions of heparin and the struc-
ture of its most represented disaccharide sequences are
shown in figure 1, where 1 (2-O-sulfated iduronic acid -
N,6-disulfated glucosamine) are major components of
the N-sulfated (NS) region, which is prevalent (>70%) in
heparin, and 3 (glucuronic acid - N-acetylated glucos-
amine) and 2 are components of the less abundant N-

196 Pathophysiol Haemost Thromb

2007-08;36:195-203

acetylated (NA) and mixed (NA/NS) regions, respective-
ly. The minor but important sequence is the pentasaccha-
ride 4, which is the AT-binding sequence (AT-bs). Though
being contained in not more than one third of the chains,
the AT-bs accounts for most of the anticoagulant activity
of clinically used heparins. Sulfate groups essential for
high affinity to AT are circled in formula 4; the central
GIcA residue is also essential for high-affinity binding to
AT [7, 8].

Non-Anticoagulant Heparins

Non-anticoagulant heparins can be obtained either by
removing from unfractionated heparin (UH) its chains
containing sequence 4, which can be achieved by com-
plexation with AT applying affinity chromatography or
precipitation experiments. Alternatively, sequence 4 can
be ‘inactivated’ by modification of one or more groups or
residues that are essential for high affinity to AT. Thus,
N-desulfation, i.e., removal of sulfate substituents from
N-SO; groups, involves removal also of the essential
sulfamino group of the internal residue (*) of sequence 4
and implies a dramatic drop in anticoagulant activity. A
similar drop can be achieved upon 2-O-desulfation, i.e.,
removal of the sulfate group of IdoA2SO; residues. As il-
lustrated in formula 4, this group is only marginally es-
sential for high affinity for AT. However, under the basic
conditions used for 2-O-desulfation, the internal residue
(*), which is a marker of the active site for AT, loses its es-
sential 3-O-sulfate group. The anticoagulant activity of
heparin can be even more drastically decreased by mod-
ification of the GIcA residue of sequence 4, as achievable
by reduction of its carboxyl group, or by cleavage of the
bond between its two hydroxyl groups. This latter reac-
tion, most often quantitatively performed by periodate
oxidation of all non-sulfated uronic acid residues of hep-
arin, leads to the so-called ‘glycol-split’ (gs) heparins.
Glycol splitting does not involve the major sequences 1,
to which most of the non-AT-mediated activities of UH
and LMWH are ascribed. Periodate oxidization of hepa-
rin only at the level of the original non-sulfated uronic
acid units (mostly GlcA, but also IdoA) are designated
‘reduced oxyheparins’ (RO.H), since they are stabilized
by reduction (forming CH,OH groups) of the primary
oxidation product (a polydialdehyde). A wide class of gly-
col-split heparin species can also be obtained by con-
trolled 2-O-desulfation of heparins and periodate oxida-
tion/reduction of both the preexisting and the newly gen-
erated non-sulfated IdoA residues [9]. The statistical
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Fig. 1.1dealized representation of a heparin chain constituted of N-acetylated (NA), N-sulfated (NS), and mixed
NA/NS domains also containing an AT-binding domain (AT-bs). Formulas of major disaccharidic sequences
within NS, NA/NS and NA domains (1-3) and of the AT-bd (4) are shown. Symbols are as explained in Casu

and Lindahl [8].

structures of the non-anticoagulant heparins N-acetyl
heparin (6, NA-H), reduced oxyheparin (7, RO.H), and
N-acetylated reduced oxyheparin (8, NA-RO.H) are
shown in figure 2 together with that of the parent heparin
(5, H). Heparin fractions devoid of chains containing the
AT-bs still retain the anticoagulant properties associated
with non-AT-mediated mechanisms. Desulfation of hep-
arin involving removal of sulfate groups in sequences lo-
cated outside the AT-bs leads to impairment of thrombin
inhibition mediated by heparin cofactor II (HC2) and re-
lease of vascular tissue factor pathway inhibitor (TFPI).
It should be remembered that inhibition of factor Xa can
be efficiently achieved with sequences as short as penta-
saccharide provided it has the specific structure 4. For
inhibition of thrombin, the AT-bs should be prolonged by
about five additional disaccharide units (usually of the
‘regular’ type 1, with minor internal variants allowed).
Like most of the AT-mediated heparin activities, the an-
ticoagulant properties mediated by HC2 or induced by
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release of TFPI are molecular weight dependent and re-
quire a minimum chain length to express significant ac-
tivities [7, 8].

Interaction of Heparin and Non-Anticoagulant
Heparins with Proteins Involved in Tumor
Angiogenesis and Metastasis

Most of the anticancer mechanisms of heparin spe-
cies are exerted through competition with functions of
the heparan sulfate (HS) chains of HS proteoglycans
(HSPGs) [10, 11]. HSPGs are ubiquitous macromolecules
associated with the cell surface and the extracellular ma-
trix (ECM) of a wide range of tissues. HSPGs within the
ECM are either secreted by cells (e.g. perlecan) or initial-
ly expressed as cell surface HSPGs and then proteolyti-
cally shed from the cell surface (e.g. syndecans). HSPGs
play a critical role in regulating the metastatic behavior
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Fig. 2. Prevalent sequences of heparin (5), N-acetylated heparin (6), and the corresponding RO (reduced oxy-
heparin) derivatives RO.H (7) and NA-RO.H (8), where all non-sulfated uronic acid residues of H and NA-H
are glycol split; for simplicity, only GlcA and glycol-split (gs) GlcA residues are shown. Formula 9 represents a
heparin derivative where additional non-sulfated uronic acid residues (generated by selective 2-O-desulfation
of IdoA2S0; residues) were glycol split, to reach about 1:1 ratio of split to non-split residues. The value of n

varies from 1to 5in 5-8 andis=11in9 [9].

of tumor cells. HS proteoglycans may at times act as in-
hibitors of cell invasion and at other times as promoters
of cell invasion, with their function being determined by
their location (cell surface or ECM), the heparin-binding
molecules they associate with, the presence of modifying
enzymes (i.e., heparanase) and the precise structural
characteristics of the proteoglycan. Also, the tissue type
and pathological state of the tumor influence proteogly-
can function [12]. The basic HSPG structure consists of a
polypeptide core to which several linear HS chains are
covalently O-linked. HS binds to and assembles ECM
proteins thus playing important roles in ECM integrity,
barrier function, and cell-.ECM interactions. The HS
chains ensure that a wide variety of bioactive molecules
bind to the cell surface and ECM and thereby function in
the control of diverse normal and pathological processes.
HSPGs not only provide a storage depot for heparin-
binding molecules such as growth factors, but rather can
decisively regulate their accessibility, function and mode
of action [10, 11].
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The structure of HS is similar to that of heparin, dif-
ferences between the two glycosaminoglycans being
mainly in the relative proportions of sequences shown in
figure 1. HS is less sulfated than heparin and its NA and
NA/NS domains are more extended than the NS do-
mains. Nevertheless, HS sequences most commonly iden-
tified to interact with growth factors are the more ‘hepa-
rin-like” sequences 1 located along the NS region [8].
Growth factors more extensively studied as implicated in
tumor growth are fibroblast growth factor-2 (FGF-2) and
vascular endothelial growth factor (VEGF). These factors
are sequestered by HS chains of HSPGs, and are released
upon cleavage by the enzyme heparanase [4]. Such a
cleavage occurs only at a few sites (at the level of GlcA
residues), resulting in fragments of still appreciable size
(10-15 units) that activate the growth factors, facilitating
their dimerization, binding to receptors, and signaling.
Enzymatic degradation of HS leads to disassembly of the
ECM and is therefore involved in tissue remodeling and
cell migration, including cancer angiogenesis and metas-
tasis [4].
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The involvement of heparanase in cancer is well docu-
mented. Heparanase is preferentially expressed at early
stages of carcinoma progression and is upregulated in es-
sentially all human tumors examined. There is also a cor-
relation between heparanase expression levels and tumor
vascularity in cancer patients, indicating a significant
role in tumor angiogenesis [4].

Apart of direct involvement in basement membrane
invasion by endothelial cells and the indirect angiogenic
response elicited by releasing HS-bound angiogenic
growth factors from ECM, heparanase has been recently
demonstrated to exert tumorigenic effects independent
of its enzymatic activity, such as Akt-dependent endothe-
lial cell invasion and migration, and upregulation of
VEGF gene expression through activation of Src [4].

Cleavage of HS by heparanase may result in disassem-
bly of the ECM and is a prerequisite for tumor invasion
and extravasation of blood-borne cells. Heparanase im-
munostaining pattern and/or expression levels correlate
with the metastatic potential of human tumors. More-
over, elevated levels of heparanase were detected in the
urine and plasma of patients with aggressive metastatic
disease [4]. Heparanase also stimulates tumor growth
and metastasis by enhancing shedding of syndecan-1 [13]
(see later).

As a close mimic of HS, heparin has been investigated
as potential inhibitor of heparanase. In fact, heparin ef-
ficiently inhibits tumor cell heparanase and experimen-
tal metastasis [2, 4]. However, its GlcA-containing se-
quences are susceptible to cleavage by heparanase so that
heparin acts also as a substrate for the enzyme [14]. In a
search for tumor-inhibiting non-anticoagulant alterna-
tives to heparin, regioselectively desulfated heparins (i.e.,
heparins where either N-sulfate, 2-O-sulfate, or 6-O-sul-
fate groups were removed) have been screened [2, 15]. In
early studies, NA-H (formula 6) was identified as a hepa-
rin derivative endowed with anti-heparanase and anti-
metastatic activities [16], though less potent than heparin
[17]. The heparanase-inhibiting activity of heparin de-
rivatives increases with increasing degrees of sulfation.
However, 2-O-desulfated derivatives were found to re-
tain the heparanase inhibition activity of heparin. In fact,
neither 2-O-sulfate nor 6-O-sulfate groups are essential
for efficient inhibition of heparanase, provided that at
least one of these positions is extensively sulfated. Com-
plete removal of N-sulfate groups followed by N-acetyla-
tion resulted in a substantial decrease in the inhibitory
activity. However, as illustrated in figure 3a, this effect
was only noted for N-acetylation degrees higher than ap-
proximately 50%. In the framework of a systematic study
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Fig. 3. Heparanase inhibition activity of N-acetyl heparins (a) and
of glycol-split N-acetyl heparins of the RO type (b), as a function
of the degree of N-acetylation. The anti-heparanase activity is ex-
pressed in terms of residual activity [17].

aimed at obtaining heparanase-inhibiting species of hep-
arin devoid of anticoagulant and pro-angiogenic activi-
ties, a pronounced gain of heparanase-inhibiting activity
has been obtained following glycol splitting of both N-
sulfated and N-acetylated heparins, as in derivatives
RO.H (7) and NA-RO.H (8), respectively. Such a pro-
nounced effect is illustrated by a comparison of graphs a
and b in figure 3. NA-RO.H emerged as the most potent
heparanase inhibitor tested by us thus far [17, 18]. Glycol-
split heparins of the RO.H type (general formula 7) were
found to inhibit metastasis in animal models [19, 20].
Certain non-acetylated, glycol-split heparins, such as
H*%s (formula 9), obtained by glycol splitting also of
some IdoA residues generated by controlled 2-O-desul-
fation of sequences 1, were found to exert a more direct
antiangiogenic effect by inhibiting FGF-2 [21] and VEGF
[22]. At least for FGF-2, such an effect is attributable to
inhibition of dimerization of the growth factor [21]. Fol-
lowing another approach (i.e., by inhibiting interaction of
the growth factor with its receptor), FGF-2-dependent
angiogenesis was inhibited using 6-O-desulfated heparin
[23]. Molecular modeling studies confirmed the assump-
tion that glycol-split residues along the heparin chains act
as flexible joints, thus favoring docking to the protein of
the heparin sequences involved in binding to either the
growth factor or heparanase [9]. H*’gs showed a potent
antiangiogenic activity also in wound-healing animal
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models [24]. The dual action of some glycol-split heparin
derivatives is attributed to different ways of binding to
different heparin sequences. Thus, whereas H*gs (for-
mula 9) interacts with FGF-2 through one of its disaccha-
ride sequences 1 at a typical FGF heparin/HS-binding re-
gion [21], heparanase-inhibiting glycol-split heparins are
thought to span through two heparin/HS-binding re-
gions of heparanase, with one of their glycol-split resi-
dues positioned between the two basic regions, close to
the active site of the enzyme [18, 25].

The antimetastatic action of heparin and non-antico-
agulant heparins can be exerted also through inhibition
of selectins [26-28]. P- and L-selectin mediate aggrega-
tion of cancer cells with platelets and leukocytes, respec-
tively. Selectin inhibition is a clear component of heparin
inhibition of metastasis while anticoagulation is not a
necessary component of such inhibition. In fact, studies
in animal models have demonstrated that some non-an-
ticoagulant heparins are even more potent inhibitors of
metastasis than unmodified heparin [29-31]. Inhibition
of selectins plays a major role in attenuating early stages
of metastasis. However, some additional antimetastatic
effects are observed using doses of heparin higher than
those used for prevention and therapy of thrombosis [30].
The two modes of action on metastasis could be dissect-
ed, as observed for selected glycol-split heparanase in-
hibitors devoid of anti-selectin activity [28, 29; unpubl.
results].

The molecular weight dependence of most of the can-
cer-related activities of heparin and non-anticoagulant
heparins has not been yet systematically investigated.
However, on the basis of biochemical and structural stud-
ies using heparin-derived oligosaccharides [32], it can be
predicted that such a size dependence is different for dif-
ferent protein targets. Whereas short heparin chains may
directly bind FGF2 and VEGEF, thus interfering with HS-
mediated dimerization of these and other growth factors
and eventual mitogenic signaling through activation of
their receptors, relatively longer chains are expected to
induce the adverse effect of potentiating the mitogenic
signaling [3].

Octasaccharides are somewhat at the borderline be-
tween angiogenesis-inhibiting and -activating heparin
fragments [3]. Indeed, they were shown to inhibit angio-
genesis in vivo with decreasing efficacies correlated with
decreasing involvement of FGF-2 in different models
[33]. On the other hand, heparin oligosaccharides short-
er than about eight monosaccharide residues are poor
inhibitors of heparanase [18] as well as of selectins [34].
LMWH and - even more so - very-low MW (VLMW)
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heparins are consistently more effective than full-length
UH in preventing angiogenesis in some animal models
[35]. Since LMW Hs have almost invariably shown more
pronounced beneficial effects on cancer patients than
UH [1], it is conceivable that their antitumor activities
are prevalently exerted by their shortest chain compo-
nents, suggesting that the resulting action is associated
more with growth factors-mediated inhibition of signal-
ing than with other mechanisms - although they are
poorer inhibitors of selectins than UH [34]. LMWHs
contain species that could preferentially inhibit either
growth factors, heparanase, or selectins, or act on all
these target proteins. Thus, the relative contribution of
LMWH to different mechanisms of antitumor actions
appears to be dependent, at least in part, on the relative
content of species with different MWs. Information on
in vivo antitumor activities of small non-anticoagulant
heparin species is scanty. However, comparison of UH
and its fragments for their ability to inhibit effects on
growth and metastasis of breast cancer cells indicated
that UH modulates these effects with mechanisms of ac-
tions more complex than a heparin dodecasaccharide
[36]. Although small heparin fragments are non-antico-
agulant, especially if they do not contain the AT-binding
domain, the subject of heparin fragments and synthetic
oligosaccharides is beyond the scope of this overview.
With non-anticoagulant heparins where anticoagula-
tion was hampered without major changes in the inter-
nal structure, as, for example, by removal of chains con-
taining the AT-bs or inactivation of this domain, the mo-
lecular weight dependence of antitumor activities is
expected to parallel that of the corresponding coagulant
species.

There is a general consensus that the beneficial effects
of heparin species on cancer patients are multifactorial
and may also involve mechanisms other than those medi-
ated by growth factors and their receptors, heparanase,
and selectins. In fact, release of TFPI from endothelium
induced by heparin and non-anticoagulant heparins may
significantly contribute to the antiangiogenic and anti-
metastatic activity of this TF inhibitor [37, 38]. Like most
of the non-AT-mediated effects, also TFPI release from
the vascular endothelium is thought to be mostly associ-
ated with NS regions of heparin and non-anticoagulant
heparins. A minimum chain length of these heparin spe-
cies is also expected for expression of a significant inhib-
itory activity. The interplay of actions of coagulation and
tumor-promoting factors, though complex, is well docu-
mented [38-40], as indicated also by the influence of hep-
aranase on anticoagulation properties of heparin and
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LMWH [39]. Although the mechanisms of the anticancer
properties of heparins and their possible interplay are
complex and still largely unclarified [40], some heparin-
derived non-anticoagulant inhibitors of major activities
involved in cancer growth and progression are emerging
as drug candidates. The following section describes an
example of such a potential application.

An N-Acetylated, Glycol-Split Heparin Effectively
Blocks Myeloma Growth in vivo

Myeloma tumors are replete with HS due to high levels
of syndecan-1 (CD138) on the surface of tumor cells [41,
42]. In addition, syndecan-1 is shed from the surface of
myeloma cells and is an indicator of poor prognosis when
present at high levels in myeloma patient serum [43]. A
recent study of 324 myeloma patients demonstrated that
serum syndecan-1 is an independent prognostic factor
both at diagnosis and at the plateau phase of disease [44].
Studies in animal models have confirmed that shed syn-
decan-1 plays an active role in promoting myeloma pro-
gression by enhancing tumor growth, angiogenesis and
metastasis within the bone [45, 46]. This likely occurs via
HS chains on syndecan-1 binding to, and regulating the
function of, multiple effector molecules (e.g. IL-6, IL-7,
IL-8, HGF, FGF-2, VEGF, EGF-family ligands). Through
these interactions, syndecan-1 acts to manage the cross-
talk between the tumor and the bone marrow microen-
vironment.

The HS-degrading enzyme heparanase is also present
and active in the bone marrow of myeloma patients where
it correlates with high microvessel density and poor prog-
nosis [47, 48]. Enhanced expression of heparanase stimu-
lates expression and shedding of syndecan-1 [13, 48], im-
plying that in myeloma, syndecan-1 and heparanase act
synergistically to drive tumor growth and progression
[49]. In animal models, enhanced expression of heparan-
ase increased growth and angiogenesis of myeloma tu-
mors in addition to promoting spontaneous metastasis
from subcutaneous sites to bone [50]. The importance of
HS regulation of cross-talk within the myeloma marrow
and the fact that heparanase can regulate HS function led
to the hypothesis that targeting the HS/heparanase axis
would be an effective therapy for myeloma [51].

In animal models of myeloma, we found that the hepa-
ranase inhibitor NA-RO.H (formula 8: 100% N-acetylated
and 25% glycol-split heparin, corresponding to '“NA-
RO.H in Naggi et al. [17]) has potent anti-myeloma activ-
ity [50]. In animals bearing an established subcutaneous
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PBS

NA-RO.H

Fig. 4. A modified non-anticoagulant heparin inhibits myeloma
growth in vivo. Animals were treated with either PBS or 100% N-
acetylated and 25% glycol-split heparin (NA-RO.H) for 28 days
beginning 10 days after subcutaneous injection of heparanase-
expressing myeloma tumor cells. Bioluminescence imaging of
luciferase-expressing tumor cells just prior to euthanasia of ani-
mals reveals all 5 animals treated with PBS have large tumors. In
contrast, only 1/6 animals treated with NA-RO.H has clearly de-
tectable tumor. This was the only tumor that was found in any of
the 6 animals at necropsy [50].

myeloma tumor treated for 28 days with 18 mg/kg/day of
glycol-split heparin, 6/7 animals treated had detectable
tumor with a mean wet weight of 30 mg. The mean tumor
weight in controls was 450 mg. In animals treated with
twice the concentration of glycol-split heparin, 36 mg/
kg/day, only 1/6 animals had a detectable tumor (weight
5 mg) at the end of the treatment period (fig. 4). Analysis
of levels of human « light chain in the serum of the treat-
ed mice confirmed that tumor burden was dramatically
reduced in the animals treated with glycol-split heparin
(mean k levels of 7,341, 176 and 34 ng/ml, for control, 18
and 36 mg/kg/day treatment), respectively [50].

These results demonstrate that this modified heparin
can potently inhibit myeloma tumor growth in vivo with-
out obvious side effects and reflect the potential for this
as an anti-myeloma drug. Although the mechanism of
action of NA-RO.H is not yet clearly defined, its anti-hep-
aranase effects likely contribute to tumor growth inhi-
bition. In addition, because it is a modified heparin, the
compound may also interfere with normal HS function
within the tumor microenvironment by acting as a com-
petitive inhibitor. Such inhibition could interfere with
the localization and bioavailability of heparin-binding
factors. If indeed these heparins are targeting and dis-
rupting the myeloma microenvironment, they may prove
effective anti-tumor agents either singly or in combina-
tion with conventional chemotherapeutic drugs designed
to target the tumor cell compartment.
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