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Hyaluronic acid butyric esters in cancer therapy
Annalisa Speranzaa, Cinzia Pellizzaroa and Danila Coradinia

In this review we focus on a promising novel histone

deacetylase (HDAC) inhibitor (HA-But) obtained by the

esterification of butyric acid (BA), the smallest HDAC

inhibitor, with hyaluronic acid (HA), the main constituent of

the extracellular matrix which selectively recognizes a

transmembrane receptor (CD44) overexpressed in most

primary cancers and associated with tumor progression. In

vitro, HA-But has proved to be 10-fold more effective than

BA in inhibiting the proliferation of a panel of human cancer

cell lines, representative of the most common human

cancers, and, similar to BA, to regulate the expression of

some cell cycle-related proteins, to induce growth arrest in

the G1/G0 phase of the cell cycle and to increase histone

acetylation. In vivo, HA-But treatment has demonstrated a

marked potency in inhibiting primary tumor growth and

lung metastases formation from murine Lewis lung

carcinoma (LL3) as well as liver metastases formation from

intrasplenic implantation of LL3 or B16-F10 murine

melanoma cells. In particular, the effect of s.c. and i.p.

treatment with HA-But on liver metastases resulted,

respectively, in 87 and 100% metastases-free animals, and

in a significant prolongation of the survival time compared

to the control groups. The results suggest that the

presence of the HA backbone does not interfere with

the biological activity of butyric residues and that

HA-But could represent a promising cell-targetable

antineoplastic agent for the treatment of primary and

metastatic tumors. Anti-Cancer Drugs 16:373–379 �c 2005
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Introduction
One of the most important aspects of the complex

mechanism that controls normal cell functions is the

epigenetic regulation of gene expression, and growing

evidence suggests a relationship between epigenetic

modification of chromatin structure and tumor develop-

ment. In fact, through the regulation of the level of

acetylation of the chromatin-associated histones, the

access of transcription factors to gene promoter regions

can be modulated [1]. The degree of histone acetylation

depends on a dynamic equilibrium between two classes of

enzymes, histone acetyltransferases (HAT) and histone

deacetylases (HDAC), which, respectively, add or remove

acetyl groups from the N-terminal lysine residues of

histones.

The balance between HAT and HDAC activity can be

disrupted by HDAC inhibitors, whose mechanism of

action is based on their ability to inhibit the activity of

HDAC enzymes. Inhibition of HDAC activity enhances

HAT activity, and leads to histone hyperacetylation and

DNA unfolding; inaccessible promoter regions become

available targets for transcription factors allowing the

re-expression of several genes, including some involved in

cell growth arrest, differentiation and apoptosis also in a

broad spectrum of cell lines derived from solid and

hematological cancers [2,3]. In addition, experimental

evidence indicates that in vivo the antiproliferative effect

of HDAC inhibitors is paralleled by an increased survival

in animal models.

For these reasons, in recent years HDAC inhibitors have

gained increasing attention and several molecules,

belonging to different chemical classes, have been

proposed as potentially effective anticancer agents [4].

Among them there are (i) short-chain and aromatic fatty

acids, such as butyric acid (BA) and phenylbutyrate, (ii)

hydroxamic acids, including trichostatin A (TSA) and a

series of hydroxamic acid-based hybrid polar compounds,

such as suberoylanilide hydroxamic acid (SAHA), (iii)

cyclic tetrapeptides containing or not the 2-amino-8-oxo-

9,10 epoxy-decanoyl moiety (trapoxins A and B, depsi-

peptide, and apicidin), and (iv) benzamides (MS 27-275).

In this review we focus on a novel class of HDAC

inhibitors derived from the esterification of BA, the

smallest HDAC inhibitor, with hyaluronic acid (HA), the

main constituent of extracellular matrix (ECM) used as a

suitable drug delivery [5,6]. We illustrate its pharmaco-

logical properties and preliminary clinical results, and

discuss its potential clinical use and some interesting

future perspectives.
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Rationale for development of hyaluronic
butyric esters
BA is naturally present in the human colon as a product of

the metabolic degradation of complex carbohydrates by

colonic bacteria and plays a pivotal role in the physiolo-

gical turnover of mucosal epithelium, regulating, in a

concentration-dependent manner, colonocyte prolifera-

tion, maturation and migration from the crypt to the

lumen [7]. Experimental evidence indicated that a

reduction in the physiological concentration of BA is

associated with the alterations in cell turnover and

differentiation occurring during the adenoma–carcinoma

transformation [8].

According to the mechanism of action of HDAC

inhibitors, BA modulates the activity of several transcrip-

tion factors, including AP1 and Sp1, through which it

regulates the expression of many proteins that control cell

proliferation [9]. In particular, we have observed that BA

is able to modulate some cell cycle-related proteins,

including cyclin D1, p53, p27kip1 and p21waf1 [10,11], this

latter supposed to be one of the most common HDAC

inhibitor-induced genes. As a consequence of this

regulatory activity, BA increases differentiation marker

expression, such as alkaline phosphatase in colon cancer

cells [10], or it induces apoptosis, probably through the

activation of caspase-3 [12].

Because of these antiproliferative and differentiation

activities, associated with the relative absence of systemic

toxicity, BA has been proposed for the prevention of

colorectal cancer, and as a therapeutic agent for the

treatment of pre-neoplastic and neoplastic lesions.

Unfortunately, the first clinical study undertaken using

high doses of sodium butyrate (the sodium salt of BA)

resulted only in a partial and temporary remission from

disease [13], principally due to its relative low potency

(the drug must be administered at millimolar concentra-

tions to be effective), to its low plasma concentration,

which is not sufficient to inhibit cell growth, but high

enough to induce side-effects, including hypernatremia,

and to its rapid clearance (t1/2= 6min) which resulted in

a very short half-life requiring continuous administration

to obtain suitable plasma concentrations.

To overcome the constraints which hamper BA clinical

application (i.e. to obtain compounds able to increase BA

in vivo effectiveness over a sustained period while

satisfying the important requirements for specificity and

low toxicity), new chemical derivatives have been

developed, all exploiting the association of BA with a

chemically suitable drug delivery, able to stabilize the

molecule and reduce its rapid degradation. Among the

compounds developed there are monosaccharide deriva-

tives [14], triglyceride derivatives, in which one or two

butyrate residues were covalently bound to glycerol

substrate [15], and acyloxyalkyl derivatives of carboxylic

acids (such as pivaloyloxymethyl butyrate), which release

BA after intracellular hydrolysis [16]. However, none of

these drugs responds to the main requirement of cancer

therapy: to selectively target anticancer molecules to

organs or compartments harboring tumor cells.

To specifically target the drug and in the meanwhile to

overcome chemical constraints, we have taken advantage

of the properties of HA and we have used it as a carrier to

which to covalently bind many butyric residues simulta-

neously. With regard to drug delivery, HA satisfies some

important chemical concerns: (i) it forms a stable link with

BA which increases the BA in vivo half-life without

affecting its efficacy and (ii) being the main constituent

of the ECM, HA is a biocompatible molecule devoid of

toxic side-effects. In addition, HA allows selective delivery

of BA to tumor cells. In fact, it specifically binds to some

cell surface receptors, the most important of which is

CD44, a single-pass transmembrane glycoprotein that in

its cytoplasmic domain exhibits protein motifs interacting

with the cytoskeleton and involved in intracellular

signaling. Although CD44 is expressed by some normal

human epithelial and mesenchymal cells, allowing several

physiological cellular functions, including cell–cell aggre-

gation, and matrix–cell and cell–matrix signaling, it is

overexpressed in most tumor cells and associated with

tumor progression [17,18]. In solid tumors, enhanced

expression of CD44 represents an efficient way to facilitate

cancer cell locomotion through the HA-rich ECM.

Therefore, we developed a novel bioconjugate (HA-But)

constituted by BA covalently linked to an HA backbone

(molecular weight of about 85 kDa) [6]. Using a synthetic

strategy which allows good control of the reaction it was

possible to obtain HA-But derivatives with a degree of

substitution (i.e. the ratio between the number of

substituted hydroxyl groups and the number of repeating

disaccharide units of the polysaccharide) ranging from 0.1

to 0.8. Interestingly, when we evaluated the growth-

inhibitory activity of HA-But derivatives as a function of

their degree of substitution, we found an inverse

relationship between the number of butyric residues

bound per HA disaccharide unit and the antiproliferative

effect [6], which suggested that the presence of too many

butyric residues could hamper the binding of HA to the

CD44 receptor due to shielding of the functional groups

involved in the recognition process, and induced us to

continue the experiments using the less-substituted

derivative only.

Cellular pharmacology
Cytotoxicity and effect on histone H4 acetylation and on

cell cycle-related proteins

The in vitro growth inhibitory activity of HA-But

was evaluated on a large panel of cancer cell lines,
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representative of the most widely common human solid

tumors: breast (MCF7 and MDA-MB231), ovary

(IGROV1), prostate (DU145), bladder (253J), colon

(HT29), liver (HepB3 and HepG2), pancreas (MiaPaCa),

lung (NCI-H460 and its metastatic subclone

NCI-H460M) carcinoma and melanoma (JR8), all over-

expressing CD44 receptor (evaluated by flow cytometry).

The findings indicated that the use of HA as a carrier did

not influence the biological properties of BA and

significantly improved its antiproliferative activity. All

but one of the tested cell lines were responsive to the

antiproliferative effect of HA-But in a dose-dependent

manner with a cell growth inhibition higher than that

observed in the presence of BA alone. In fact, as shown in

Figure 1, all cell lines, except MDA-MB231, showed an

HA-But IC50 value (i.e. the concentration of the drug

able to inhibit cell growth by 50% with respect to the

control) lower than that of BA and in some of them

(i.e. HT29, NCI-H460M, HepB3, NCI-H460, HepG2

and DU145) HA-But showed an antiproliferative potency

from 7- to 30-fold higher than that of BA [6,19]. The

finding that HA-But was effective in all the tumor cells

investigated, despite their different histological origin, is

not surprising taking into account the pivotal role of an

HDAC inhibitor on gene expression, this latter particu-

larly activated in highly proliferating cells, as confirmed

by the lack of any effect on normal slowly proliferating

fibroblasts, used in our experiments as a paradigm of

normal well-differentiated and slowly proliferating cells,

notwithstanding their physiologically high CD44 expres-

sion (83% of cells were positive by flow cytometric

analysis) [6].

It is interesting to note that the metastatic subclone of

the non-small lung carcinoma cell line (NCI-H460M)

responded to HA-But to an extent similar to that of the

parental clone (NCI-H460), probably because of the

similar rate of growth and expression of CD44 receptors.

In fact, in both cell lines the duplication time is about of

24 h and they overexpress CD44 receptor in a similar

manner (91% of cells, by flow cytometry). This finding is

of particular relevance since it supports the possibility of

also using HA-But for the treatment of metastatic lesions

as successfully assessed in in vivo animal models [6]. In

addition, cytometric analysis showed that CD44 receptor

turnover was not affected by the treatment with HA-But,

a finding of particular pharmacological relevance, since

the constant presence of the receptors on the cell plasma

membrane may guarantee a continuous internalization of

the drug even though the quantitative expression of

CD44 seemed not to be correlated to HA-But potency. In

fact, a similar antiproliferative effect was observed in

CD44-poor and CD44-rich cell lines. For example,

HepG2 and NCI-H460, two cell lines characterized by

quite different CD44 expression (18 and 91% of cells,

respectively), responded to HA-But in a similar manner,

suggesting that, after a sufficiently prolonged treatment

interval (in this case 6 days), HA-But was effective also in

CD44-poor tumor cells, probably due to the very rapid

CD44 turnover which guarantees a constant presence of

the receptor in the cell membrane and therefore a

continuous internalization.

With regard to the mechanism of action, HA-But showed

a biological effect very similar to BA, indicating a lack of

interference of the HA acid backbone in the activity of

butyric residues, which maintain their molecular proper-

ties. In fact, like BA, HA-But induced hyperacetylation

of histone H4, a dose-dependent overexpression of

some G1/S transition-related proteins, including the

Fig. 1
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Effect of HA-But (squares) or BA (circles) expressed as IC50 value. Cell lines, each maintained in appropriate culture medium, were treated with
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cyclin-dependent kinase inhibitors p27kip1 and p21waf1,

and the block of cell growth in the G0/G1 phase of the cell

cycle [6].

In vivo antitumor activity

Biodistribution

To investigate HA-But biodistribution according to the

different routes of administration, pharmacokinetics

studies were performed using technetium-99m (99mTc)

labeled HA-But. 99mTc is the g-emitting radioisotope

most widely used in radiodiagnosis and in pharmacological

studies as a radioactive probe. After applying an efficient

labeling method to directly anchor it to HA polymer with

minor changes in charge, conformation and hydrophilicity,

and without significant changes in physiological interac-

tions, solutions containing [99mTc]HA-But were adminis-

tered i.v., i.p. or s.c. to healthy male CBA/Lac mice and

scintigraphic images were collected every 5min for 1 h

after i.v. injection, every 30min for 2 h after i.p.

administration and every 10min for 6 h after s.c. injection,

using a YAP camera, specifically designed for the imaging

analysis of the in vivo distribution of radiolabeled

compounds.

The results (Fig. 2) indicated that just a few minutes

after i.v. injection there was a substantial accumulation of

HA-But in the liver [45% of the injected dose (% ID)]

which became more intense after 1 h and was uniformly

distributed in both hepatic lobes. Scintigraphic images

indicated that HA-But accumulated also in the kidneys

(2.3% ID), probably in relation to excretion of the

metabolites produced by the HA degradation, and the

results were confirmed by the evaluation of ex vivo
distribution of HA-But, which showed the liver as the

organ of preferential accumulation in agreement with the

finding obtained with the observation that circulating HA

is physiologically degraded by hepatic sinusoidal en-

dothelial cells via the CD44 receptor. In addition,

imaging analysis indicated that [99mTc]HA-But accumu-

lated also in the spleen (2.6% ID) as expected consider-

ing the role of the spleen in HA degradation. Liver

uptake decreased considerably when [99mT]HA-But was

administered i.p. or s.c. In fact, as shown in Fig. 2, after

i.p. administration there was a reduced accumulation in

the liver (23.5% ID) which further decreased after s.c.

administration (0.5% ID). Interestingly, scintigraphic

images collected 6 h after s.c. administration showed that

36% of injected [99mTc]HA-But was still localized at the

injection site. These differences in HA-But pharmacoki-

netics, depending on the route of administration may be

exploited to appropriately target HA-But: the i.v. route

could be used for treating intrahepatic lesions, whereas

the s.c. route may be more useful for treating local lesions

or to partially bypass hepatic drug segregation.

To obtain complete information on HA-But biodistribu-

tion, a series of experiments were performed also

administering [99mTc]HA-But orally or rectally. As shown

in Figure 2, oral administration resulted in a partial

retention of the drug in the stomach (21% ID) and in an

accumulation in the duodenum (59.7% ID), whereas the

scintigraphic images collected after 1 h after rectal

administration indicated that HA-But localized preferen-

tially in the colon (48.3% ID) with a significant retention

Fig. 2
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in the rectum (14.3% ID), suggesting a possible topical

use of HA-But for treating colorectal carcinomas.

Toxicities

Acute and subacute toxicity experiments indicated that

HA-But, administered i.v., i.p. or s.c. and followed up for

30 days, did not cause toxicity. In particular, when

administered i.v., HA-But LD50 (i.e. the dose which

induces a lethal effect in a 50% of the animals) was higher

than 0.4mg/ml, which was the maximum injectable dose

permitted by the solution viscosity. When administered

i.p. or s.c., HA-But LD50 values were, respectively, higher

than 0.1 and 0.2mg/ml and no animal died during a

30-day follow-up interval. Subacute toxicity experiments,

performed administering i.p. 0.1mg/ml HA-But for 10

days consecutively or injecting s.c. 0.04mg/ml for 25 days

consecutively, indicated a complete lack of toxicity,

confirmed by the observation that no animal died during

the 90-day follow-up interval.

Keeping with the main sites of localization for primary

and metastatic human solid tumors, three murine

experimental models were used to investigate the in vivo
pharmacological activity of HA-But: (i) s.c. inoculated

mammary tumor cells (MCa), able to induce both local

and lung lesions, (ii) s.c. inoculated Lewis lung carcinoma

cells (LL3), able to induce both local and lung lesions,

and (iii) intrasplenic inoculated LL3 or melanoma cells

(B16/F10), both able to induce intrahepatic lesions. In

addition, i.p. inoculated lymphoma cells (TLX5), able to

induce both i.p. ascitis and brain metastases, were also

used to explore the activity of HA-But on a systemic

tumor model.

HA-But and localized metastatic tumor lesions

For the evaluation of the HA-But effect in treating

localized tumor lesion, CBA/Lac female mice, s.c.

inoculated with 1.5� 106 MCa cells, were intratumorally

treated with 0.05mg/ml/day for 9 days starting from day

11 after the cell inoculum. Primary tumor growth was

evaluated every day and lung metastases were evaluated

at the sacrifice of the animals on day 27. The intratumor

treatment with a dose of HA-But free of toxicity

significantly reduced primary tumor size as compared to

untreated controls. Moreover, intratumor injection of

HA-But reduced the number ( – 51%, p<0.05) and the

weight ( – 51%, p<0.05) of lung metastases produced by

MCa with a statistically significant difference in compar-

ison to the untreated animal group.

Similar results were obtained when the effect of HA-But

was investigated in the s.c. inoculated LL3 cell model,

able to induce local and lung metastatic lesions, and

intratumorally treated with HA-But (0.05mg/ml/day) for

9 days starting from day 12. Also in this case, intratumor

injection of HA-But reduced ( – 70%, p<0.01) primary

lesion size and decreased the number ( – 45%, p<0.05)

and the weight ( – 65%, p<0.01) of lung metastases with

a statistically significant difference in comparison to the

untreated animal group [19]. Even though we had no

direct information on the effect of HA-But on cell

motility and/or the invasive potential of the metastatic

cell line used in our experiments, it is conceivable to

assume that HA-But should be able to compete for the

binding to CD44 receptors with the endogenous compo-

nents of the ECM, and to exert a detrimental effect on

cell motility and therefore on invasion potential.

HA-But and intrahepatic lesions

Very interesting results were obtained in HA-But-treated

mice in which intrahepatic lesions were induced after the

intrasplenic inoculation of 2�105 LL3 or 1�105 B16/F10

cells, two cell lines known for their particular aggressive-

ness. An intrasplenic inoculum model was chosen to

mimic the biological outcome of liver metastases,

avoiding the use of conventional in vivo experimental

models which imply the production of ‘artificial’ liver

colonization via i.v. injected tumor cells. As shown in

Table 1, s.c. or i.p. administration of HA-But dramatically

reduced the formation of liver metastases produced by

both cell lines. In particular, with regard to LL3 cells,

86% of the s.c. treated animals and 87.5% of the i.p.

treated animals were free of macroscopically detectable

metastases, and only one animal per treatment group

(i.p. or s.c.) presented metastatic foci at sacrifice (i.e. 15

days after implantation). Conversely, in the untreated

group, only 14% of the s.c. treated animals and 12.5% of

the i.p. treated animals were metastases free. A greater

response rate was observed in mice intrasplenically

implanted with B16/F10 melanoma cells; at sacrifice all

s.c. or i.p. HA-But-treated animals were free of macro-

scopically detectable liver metastases versus none of the

animals in the s.c. or i.p. control groups. In addition,

histological analysis of the liver parenchyma indicated

that independent of the tumor type used, HA-But did not

affect liver morphology [19]. These findings were further

strengthened by a parallel series of experiments in which

the effect of HA-But on survival time of mice intrasple-

nically implanted with 1� 105 B16/F10 cells was

investigated. Prolonged treatment with low doses of

Ha-But (s.c. 0.04mg/ml/day plus i.p. 0.01mg/ml on days

4, 11, 18, 25 and 31) significantly increased the survival

time of treated mice with respect to untreated controls.

Noteworthy, 80% of HA-But-treated animals were still

alive 90 days after tumor implantation versus 27% in the

untreated group [19]. Since the mice treated with HA-

But are still alive 12 months after the end of the

experiment they may be considered disease free.

HA-But and lymphoma

With regard to the activity of HA-But on the i.p.

inoculated lymphoma cells (TLX5) model able to induce

both i.p. ascitis and brain metastases, in a preliminary

Hyaluronic butyric esters in cancer therapy Speranza et al. 377
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experiment we observed that with respect to controls, the

s.c. treatment with HA-But at doses of 0.05 or 0.1mg/ml

for 7 days resulted in a dose-dependent reduction of the

number of tumor cells present in the peritoneal ascitis

(32 and 69%, respectively) not paralleled by an increased

survival time, probably due to the inability of HA-But to

pass the blood–brain barrier and therefore to affect brain

metastases.

Conclusions and future perspectives
The studies summarized in this review provide evidence

that HA-But, a novel bioconjugate constituted by a

backbone of HA, one of the main components of the

ECM, partially esterified with BA, the smallest HDAC

inhibitor, is a potent inhibitor of cell growth in vitro and an

antiproliferative/antimetastatic agent in vivo. In addition,

they indicate that HA is a very suitable carrier because of

its high biocompatibility, and its ability to stabilize the BA

molecule and to specifically target it to tumor

cells without interfering with its mechanism of action.

Moreover, since CD44–HA interaction is an important

requirement in promoting tumor growth and metastasis

spread, an additional non-negligible effect of such a

compound is represented by the disruption of this

interaction by the presence of exogenous HA with a

marked reduction of local neoplastic growth and dis-

semination. This detrimental effect on tumor growth and

spread could also be mediated through the inhibition of

neoangiogenesis, the formation of new blood vessels from

the pre-existing vascular network, which allows the tumor

mass to overcome the constraints related to the lack of

the oxygen and nutrients required for its growth and

spread. Through a complex mechanism of action,

which implies also the synthesis of some angiogenesis-

related factors, the most important of which is vascular

endothelial growth factor (VEGF), tumor cells activate

proliferation and migration of endothelial cells [20]

that respond to the angiogenic stimulus overexpressing

CD44 on their plasma membrane and moving through

the ECM towards the tumor mass to be vascularized.

Since we demonstrated that BA is able to modulate

VEGF synthesis [21], HA-But may act also as an

antiangiogenic agent.

Undoubtedly, several HDAC inhibitors, including TSA,

SAHA, depsipeptide and MS-275, are very promising

drugs currently in phase I and II clinical trials either as

monotherapy or in combination with other cytotoxic and

differentiation agents, for the treatment of solid and

hematologic tumors [22–24]. However, the use of these

drugs does not allow the achievement of the major goal in

cancer therapy: to selectively target anticancer molecules

to organs or compartments harboring tumor cells.

Conversely, HA-But, which has a high affinity for CD44,

and which has been shown to be overexpressed in most

human cancers, including breast, colon, lung and hepatic

carcinoma, could be more useful to specifically target

agents to primary as well as metastatic tumors by

exploiting this CD44 overexpression. The presence of

CD44 receptor on the membrane of some normal

epithelial and mesenchymal cells also does not constitute

a problem since, in agreement with literature data [25],

we have demonstrated that in normal cells, like

fibroblasts, HA-But was ineffective, suggesting that only

in actively proliferating cells, like tumor cells, is the drug

really effective.

The promising results obtained using HA as a carrier for

BA delivery suggest further interesting development for

hyaluronic butyric esters in which other small molecules,

acting through a different mechanism than BA and whose

biological activity could be potentiated by the presence of

BA are simultaneously bound to the same HA backbone,

e.g. 5-aza-2-deoxycytidine (5-AZA) retinoic acid (RA) or

1a,25-dihydroxyvitamin D3 (DHD3).

Among the epigenetic modifications related to tumor

development there is the aberrant DNA hypermethyla-

tion by DNA methyltransferase (DNMT) of CpG islands

in promoter gene regions that can lead to silencing of

tumor suppressor genes or genes involved in cell growth

regulation [26]. This epigenetic process, characterized by

a reversible transcriptional silencing without structural

genetic alterations, can be reversed in vitro using DNMT

inhibitors, such as 5-AZA. Since the recent demonstration

of the existence of molecular complexes between

proteins able to specifically bind methylated CpG islands

(methyl CpG-binding protein) and several members of

HDAC family [26], and that HDAC inhibitor activity can

be potentiated by the simultaneous presence of DNMT

inhibitors with an increase in cellular susceptibility to

HDAC inhibitors, a suitable evolution of the hyaluronic

butyric esters could be a new chemical entity in which BA

and 5-AZA are simultaneously bound to the same HA

backbone. Such a compound should be able to reactivate

silenced genes, and to enhance the re-expression of

specific genes involved in cell growth arrest, terminal

differentiation and apoptosis as supported by the

accumulating evidences confirming the hypothesis that

the combination of HDAC and DNMT inhibition could

Table 1 Effect of 7-day i.p. or s.c. treatment with HA-But on liver
metastasis formation following intrasplenic implantation of 2�105

LL3 or 1�105 B16/F10 melanoma cells in CBA/Lac female mice

Route of administration Treatment
group

Percentage of metastases-free animals

LL3 induced B16-F10 induced

s.c. control 14 0
HA-But 86a 100a

i.p. control 12.5 0
HA-But 87.5a 100a

ap<0.05, with respect to control (Fisher’s exact test).
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be very effective in inducing apoptosis, differentiation

and/or cell growth arrest in human lung, breast and colon

cancer cell lines [27,28].

In two other interesting new bioconjugates, HA-But

could be simultaneously bound to RA or DHD3. These

molecules are both clinically used for their differentiation

activity in solid and hematologic tumors, but their use is

limited by serious side-effects such as hypercalcemia

(DHD3) or drug resistance (RA) [29,30]. In the case of

DHD3, it is conceivable that the concomitant presence of

another differentiation inducer, such as BA, could

enhance the biological activity of DHD3 allowing the

administration of lower and therefore non-toxic doses

[31]. In the case of RA, experimental and clinical findings

have indicated that the simultaneous presence of an

HDAC inhibitor (TSA or BA) may restore the sensitivity

to retinoids [32], thus suggesting the possibility to also

use this combination to obtain clinical remission in RA-

resistant patients and providing the rationale for the

development of a retinoic/butyric hyaluronan ester.
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