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The first ever clinical data for an RNAi-based

drug was presented last month by Sirna

Therapeutics (Boulder, CO, USA) [1]. Its sirna-

027 compound is in an ongoing phase I trial

for age-related macular degeneration (AMD).

Hopes are high that RNA interference

technology will prove a powerful new means

of silencing unwanted gene activity in human

and viral cells.With several compounds

approaching clinical trials, scientists and

investors are waiting anxiously to see if RNAi’s

scientific elegance can translate into

therapeutic results.

Dose-dependent improvement

RNAi is a naturally-occurring process that turns

off gene activity using short pieces of double-

stranded RNA called small interfering RNA

(siRNA).These degrade the messenger RNA

from the target gene, preventing its expression.

Sirna-027 is targeted to VEGFR-1, a receptor

in the pathway that mediates blood vessel

growth. It aims to reduce the pathological

blood vessel growth associated with AMD, the

leading cause of visual impairment in the

developed world affecting about 1.5 million

people in the USA alone.

Investigators have so far treated 14 patients

with single, intravitreal doses of 100–800 µg.

They report that the drug is safe and well

tolerated. During follow-up of up to 84 days,

visual acuity has not deteriorated in any

patient, says Sirna’s Chief Medical Officer

Roberto Guerciolini.‘In untreated disease you

would expect a worsening of acuity,’ he notes,

‘but we detect a dose-dependent trend of

improvement in terms of the number of

additional letters that patients can read on a

chart.’ AMD is associated with thickening of

the retina, and the researchers are measuring

retinal thickness using optical coherence

tomography.‘We have seen a reduction in

retinal thickness in six of the seven patients

studied so far,’ says Guerciolini.‘However, this

is a small study and we need to be cautious.’

Other applications

Because sirna-027 is injected directly into the

eye, it will give limited information on how

RNAi might perform in other applications.

‘Delivery and stability in the body is still a

problem,’ says Yoon Sang Cho-Chung, head of

the National Institutes of Health’s Therapeutic

Oligonucleotide Interest Group (Bethesda,

MD, USA).‘Systemic treatment, especially for

targeting tumours, is still quite far away. RNAi

is considerably behind in this regard compared

with antisense DNA. In vitro RNAi is highly

appreciated because its specificity for

messenger RNA is very high, but we need a

lot more time to see how it is going to perform

therapeutically.’ Antiviral applications will

probably be easier than indications that need

to target specific tissues, she adds.

Several companies are developing RNAi

drugs using a variety of technologies. In March

Alnylam (Cambridge, MA, USA) announced

that its intranasal siRNA compound ALN RSV01

was effective against respiratory syncitial

virus infection in mice [2]. It hopes to start

Phase I clinical trials in the first half of 2006. It

has also announced a collaboration with the

University of Georgia to develop siRNA-based

treatments for newly emerging flu strains

including avian flu.They will target key viral

replication genes that are conserved across

many strains, so unlike flu vaccines the

potential product would be effective against

many variations of the virus.

The first antiviral application for RNAi is

likely to be hepatitis C. Sirna’s developmental

siRNA treatment for hepatitis C reduces viral

load in surrogate animal models of hepatitis

B, says Guerciolini.The siRNA is delivered by

attaching it to nanoparticles that have an

affinity for liver cells. After intravenous

infusion these penetrate the liver cells and

the siRNA is released. Phase I clinical trials are
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Cancer patients undergoing long-term

chemotherapy increasingly endure their

tumours developing resistance to the drugs

they need. New research by a group led by

Bryan Toole, Professor in the Department of

Cell Biology and Anatomy, Medical University

of South Carolina, USA, have discovered a

method of inhibiting a series of reactions

leading to the development of drug resistance.

Surprise role for hyaluronan

Resistance to chemotherapeutic drugs

normally develops as a result of upregulation of

transport proteins that remove the drugs from

the cancer cells.The team at South Carolina has

elucidated some of the pathways that make

this possible – and potentially identified a

way to prevent resistance developing.

Toole’s group previously showed that small

pieces of a polysaccharide – hyaluronan – were

able to sensitize previously drug-resistant

cancer tissue to a number of chemotherapeutic

agents.Hyaluronan is a large polysaccharide

that is normally found as part of the structure

of the extracellular matrix.As hyaluronan is

largely structural in function, it came as a

surprise to learn that it has recently been

identified as crucial to signalling pathways in

the development of tumours.Furthermore,

hyaluronan has been shown to stimulate drug

resistance in cancers. It’s also been seen that, via

a complex signalling pathway, hyaluronan

stimulates its own production.Elements of this

signalling loop – including hyaluronan itself –

stimulate expression the multi-drug

transporters that cause drug resistance.

‘Effectively, the response to hyaluronan is

responsible for drug resistance,’said Toole.

Clear but unproven potential

There’s a twist to the tale, however.Toole’s

group have also been able to inhibit

hyaluronan from entering this ever-amplified

resistance loop. By taking oligomers of

hyaluronan – effectively small pieces of the

polysaccharide – the team were able to stop

hyaluronan from binding to its natural

receptor, CD44, stopping the signalling that

leads to resistance.‘The oligomers bind to the

same receptor,’Toole added.‘They bind, but

don’t induce the same reaction.’ By displacing

the polymer from its receptor, the team have

discovered a way to block drug resistance.

Not only do the oligomers block the

development of resistance, they have also

been shown to sensitize resistant cancer cells

to chemotherapeutic drugs, even reverse the

malignant properties of cancers.‘This work is

very interesting,’ agreed Timothy Hardingham,

Professor of Biochemistry at Manchester

University, UK.‘And somewhat out of the blue

and unpredicted from the known properties

and activities of hyaluronan.’

‘There is potential for the development of

small molecule antagonists at the CD44

receptor,’ said Toole,‘but possibilities already

exist with peptides.’ He continued,‘Peptide

hyaluronan mimetics have been around for

little while now and can antagonize hyaluronan,

but they’ve not been tested in biological

systems yet.’ Hardingham agrees;‘There is a

clear potential, but as yet unproven scope for

translating this to therapy.’

Readily available

Conventional drug development approaches

might not be necessary, as the oligosaccharides

are not only effective but also, it seems, readily

available.‘The oligosaccharides are fairly

readily made’,Toole added.‘There’s already a

hyaluronic acid industry out there, serving the

cosmetic industry and for eye and knee

surgery.The degradation product would be

just as readily available.’The degradation

products would serve as a steady supply of

hyaluronic oligosaccharide antagonists.

‘Hyaluronan can also be made by bacteria –

another potential source,’ added Toole.

The future for this research, then, might

soon be of benefit to patients.Toole

continued,‘Using hyaluronan antagonists in

combination with regular chemotherapy will

allow reduction of chemotherapy dosage,

meaning less toxic side effects.’
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Resisting resistance

‘The oligosaccharides are fairly
readily made’

planned for late 2006. Benitec (Sydney,

Australia) also plans to enter Phase I trials

with an RNAi-based HIV antiviral in 1H 2006

and a hepatitis C treatment in 2H 2006. In the

longer term it is hoped that RNAi could be

used to attack cancer cells, and several

compounds are in preclinical development.
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Cancerous tumors insidiously co-opt building

blocks for neoangiogenesis – the construction

of blood vessels to nourish a growing mass of

cells.An emerging picture of the process shows

that cell cycle inhibitors are crucial, and the

most recent work now singles out p27 and

p130 as key molecules. A collaborative team

headed by Andrew Koff at Memorial Sloan-

Kettering Cancer Center and David Lyden at

Weill Medical College of Cornell University

Cell cycle inhibitors key to neoangiogenesis
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