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Sequence-specific gene silencing part of functional genomics,

targeted gene therapies
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dsRNA can be packaged in particles of different sizes and
characteristics that influence bioavailability. Understanding how these
parameters facilitate transport across the digestive epithelia, while
allowing the dsRNA to remain available for cellular uptake and release
into the cell cytoplasm, will be key to the successful development of
effective delivery systems.
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Shrimp aquaculture represents one of the fastest-growing segments of aquaculture with annual production in excess of
2.5 million metric tons (MT) and a farm-gate value of U.S. $14 billion to $16 billion. However, a major obstacle to the
continued growth of shrimp aquaculture is the emergence of viral diseases. Collectively, it is estimated that disease
agents have reduced the production capacity of the industry by as much as 40 percent with annual losses in excess of $3
billion.

Current strategies to prevent viral disease include the use of specific pathogen-free and specific pathogen-resistant stocks
of shrimp, immune stimulation, quarantine and environmental management. Together, these measures have reduced the
impacts of viral diseases, but there continues to be a critical need for more effective methods of controlling viral
infections.

RNA interference

Therapeutics based on RNA interference (RNAi) have tremendous potential to block viral disease progression by silencing
genes essential for viral replication or pathogenicity. RNAI is a cellular mechanism dependent on double-stranded RNA
(dsRNA) conserved from plants to humans that is thought to have evolved as a component of the host's immune response
to viruses and transposable elements. The RNAi machinery, which allows sequence-specific gene silencing, has now
emerged as a key target for multiple applications ranging from functional genomics to targeted gene therapies.

RNAI protection in shrimp

Research has confirmed the presence of an active RNAi response in shrimp, and dsRNA matching essential genes of
important shrimp viral pathogens such as white spot syndrome virus (WSSV), Taura syndrome virus and yellow head virus
delivered by injection has yielded high levels of protection.

The authors’ initial laboratory efforts on RNAi focused on characterizing the RNAi response in Pacific white shrimp
(Litopenaeus vannamei) using WSSV challenge models (Fig. 1). Results indicated that 80 to 90 percent levels of WSSV-
specific protection could be achieved with no apparent off-target effects at dosage levels as low as 200 ng dsRNA/gram
shrimp. Significant levels of protection were observed up to 26 days after the injection of a single dsRNA dose. In addition,
dsRNA was produced using in-vitro/synthetic methods or bacterial expression systems.
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Fig. 1: Survival of shrimp from experimental groups injected with WSSV-
specific dsRNA and non-specific dsRNA (controls). Protection was
similar whether the dsRNA was produced in vitro or in vivo.
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The ability to use bacterial expression systems to produce dsRNA is particularly promising in aquaculture applications, as
it potentially provides a more cost-effective method of producing RNAi-based therapeutics. Likewise, the persistence of
RNAi-based protection over time suggests that dsRNA is energetically stable and remains intact in the cells or
hemolymph. RNAi-based therapeutics could therefore have a reasonably long-lasting protective effect in shrimp, and may
not require continuous daily applications.

Oral delivery of RNAi therapeutics

Unfortunately, the delivery of potential RNAi-based therapeutics via injection is impractical. Oral delivery approaches are
likely to be a more viable option in shrimp aquaculture. To date, simple methods for the oral delivery of dsRNA to Pacific
white shrimp have not proven successful and reproducible.

Trials conducted by the authors at Aqua Bounty Technologies have included varied evaluations of feeds coated with or
incorporating synthetic or bacterially expressed dsRNA, the use of protein-based additives such as histones and
polylysines to facilitate uptake, and artemia-mediated approaches to orally deliver dsRNA.

These studies have not yielded protective trends in repeated studies, which may be attributable to varying degrees of
degradation of the dsRNA in the food, water or guts of the shrimp; insufficient dsRNA delivered across the shrimp guts or
differential uptake of the dsRNA. Thus, a consistent method for effective stabilization, delivery and transport of bioactive
dsRNA remains needed to make oral delivery of an RNAi-based therapeutic feasible.

Oral delivery evaluation

In-vivo evaluations of oral RNAi therapeutics can be conducted using dsRNA in conjunction with a pathogen challenge
model. However, these assays are resource-intensive and difficult to conduct reliably, and information on the partial
efficacy of oral formulations can be difficult to detect.

To address this problem, the authors sought to develop an alternative approach for evaluating the oral delivery of dsRNA
by incorporating the use of dsRNA products targeting endogenous host genes. Host gene-silencing models have several
potential advantages for use in screening studies, including the increased ability to detect gene silencing at low dsRNA
doses, improved gene copy quantification capabilities that facilitate treatment comparisons and better assay consistency,
which allows comparisons of more treatment groups using fewer shrimp.
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Injection of PDH-specific dsRNA resulted in a marked decrease in pigment-dispersing capacity following
transfers between holding tanks with different background colors.
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To identify suitable endogenous gene targets for a screening model, the authors initially cloned L. vannamei clotting
protein, prophenoloxidase and pigment-dispersing hormone (PDH | and Il) genes. Corresponding dsRNAs were injected,
and animals were assessed for RNAi-based changes in phenotypes.

Injection of dsRNA specific to clotting protein resulted in the absence of spontaneous hemolymph coagulation, while
hemolymph from controls injected with non-specific dsSRNA consistently formed a very stable clot. Injection of
prophenoloxidase -specific dsRNA resulted in a marked decrease in hemolymph melanization, while non-specific dsSRNA
had no effect on melanization. Injection of PDH-specific dsRNA resulted in a marked decrease in pigment-dispersing
capacity following transfers between holding tanks with different background colors.

Dose response studies indicated that 300 ng, 500 ng and 1 mg of dsRNA were sufficient respectively to impair clotting,
melanization and pigment dispersion. Based on these results, clotting protein was selected for further model development
and characterization.

Injection studies conducted with clotting protein dsRNA yielded significant silencing in all tissues tested, leading up to a
1,000-fold reduction in targeted transcript relative to control tissue specific transcript levels (Fig. 2).
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Fig. 2: RNAi-mediated down regulation of C.P. mMRNA was measured in
different tissues five days post-dsRNA injection (black circles). Control
animals (white circles) were injected with non-specific dSRNA.

Results from additional injection studies with varied quantities of clotting protein dsRNA indicated that doses between
about 2.5 and 25 ng were sufficient for the detection of gene silencing, and the response remained fairly consistent over at
least 15 days.

These results indicated that the ability to detect gene silencing increased 10- to 100-fold compared to detection limits
using in-vivo WSSV challenge models. With screening models such as the bioassays for endogenous gene silencing
described here, high-throughput evaluation of multiple formulations for oral delivery of dsRNA becomes practical and will
be a powerful method for empirical evaluations of dsRNA-packaging technologies.
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Perspectives

The potential of RNAi-based therapeutics for use in targeting viral shrimp pathogens remains high, given compelling
advantages including high levels of protection compared to other available treatments, a defined mode of action and
relatively low effective dosing. dsRNA is able to cross tissues and cell membranes, and trigger a systemic RNAi response
that remains effective over several weeks.

Cost-effective bacterial expression systems can be used to produce dsRNA. In addition, dsRNA can be designed to silence
single or multiple viral genes, allowing specific protection against multiple pathogens. New dsRNA sequences can be
rapidly tested to address emerging viral pathogens.

The lack of a relatively inexpensive, safe and efficacious oral delivery system remains a critical challenge to the successful
development of this class of therapeutics. Screening models based on endogenous shrimp genes provide useful tools that
improve our ability to quickly and accurately assess the stability and bioavailability of orally delivered dsRNA formulations.

Potential approaches to be tested with this model include encapsulation technologies, yeast- or algae-based expression
and delivery systems, and varied factors that alter digestion characteristics or improve packaging and dsRNA uptake.

(Editor’s Note: This article was originally published in the July/August 2010 print edition of the Global Aquaculture
Advocate.)
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