
Dr Christine Pham, a rheumatologist at the Washington University School 
of Medicine, is designing strategies to safely deliver nanomedicine in 
the treatment of inflammatory diseases, such as arthritis. Her strategies 
promise to target pathways associated with inflammation, while leaving 
other vital immune responses unaffected.

Nanotechnology 
hits the spot 
in arthritis 
treatment

Rheumatoid arthritis (RA) is a 
chronic, incapacitating disease 
of the joints, characterised by 
painful swelling and progressive 
damage to the connective tissues 

affected. This is a major cause of disability 
and morbidity (the condition of being 
diseased), particularly in ageing populations. 
Although the underlying causes remain the 
subject of debate among researchers and 
clinicians, the symptoms are clear and well-
documented. 

CRIPPLING PAIN
An influx of immune cells from the 
bloodstream leads to swelling and 
inflammation of the synovial lining of the 
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joints (the membrane that defines the 
joint space and retains the lubricating 
synovial fluid). This promotes the release of 
inflammatory molecules and degradative 
enzymes, resulting in damage to the 
connective tissue and the underlying bone 
of the joint in a vicious cycle that is painful 
and debilitating to the sufferer.

Although there are several treatment 
options for RA sufferers, the therapy is often 
associated with severe adverse effects and is 
ineffective in a large segment of the patient 
population. Dr Pham leads her team in 
investigating alternative treatment options, 
targeting the inflammation that underlies 
the pathogenesis of rheumatoid arthritis and 
other inflammatory conditions.

INTERFERING WITH RNA
RNA interference (RNAi) is a relatively 
new technique for preventing the DNA 
that encodes specific genes from being 
transcribed and translated into proteins. In 
the normal process, DNA is first transcribed 
into messenger RNA (mRNA), which can 
be translated into proteins by the cellular 
machinery. In mammalian cells, this is a 
carefully orchestrated process that controls 
a multitude of cellular activities and protects 
against hijacking of the cellular machinery 
by viruses. RNAi techniques exploit intrinsic 
cell mechanisms to ‘silence’ a gene by 
delivering small interfering RNA (siRNA) that 
binds to complementary strands of mRNA, 

Dr Pham’s research focuses on delivering 
siRNA that interrupts the expression of 
genes involved in inflammatory pathways 
commonly implicated in arthritis and 
other inflammatory processes

Bone

Cartilage

Synovial 
membrane

In�amed 
synovium

Pannus



92 www.researchfeatures.com www.researchfeatures.com 93

promoting their degradation and blocking 
protein production.

LIMITING COLLATERAL DAMAGE
Although RNAi is a promising technique, 
there are significant difficulties that prevent 
the effective delivery of siRNA. These 
include targeting only specific cells of 
interest, rather than the entire organism, to 
avoid “off-target” effects, and overcoming 
the rapid degradation and clearance of free 
siRNA in the bloodstream. Working with a 
technology spearheaded by Dr Wickline, 
Dr Pham’s research team has successfully 
overcome many of the problems associated 
with delivering siRNA to inflamed tissues in a 
whole organism. To do this, she has utilised 
a modified version of a natural peptide 
called melittin that forms a self-assembled 
nanocomplex with the siRNA. The goal is 
to target and “silence” specific pathways 
in diseased tissues, without affecting the 
global immune system. 

RESEARCH OBJECTIVES
Dr Christine Pham is a rheumatologist 
whose research focuses on designing 
strategies to safely deliver nanomedicine 
to treat inflammatory diseases, such 
as arthritis (both rheumatoid and 
osteoarthritis). She has been especially 
interested in the role of siRNA for 
this purpose, as its delivery has been 
found to be effective in inhibiting the 
NF-κB signalling pathway common in 
inflammatory diseases. 

FUNDING 
National Institute of Arthritis and 
Musculoskeletal and Skin Diseases;
National Heart, Lung, and Blood Institute

COLLABORATORS
Samuel Wickline, MD (TGH Endowed 
Chair of Cardiovascular Medicine and 
Director of University of South Florida 
Health Heart Institute) 

Linda Sandell, PhD (Mildred B. 
Simon Professor and Director of the 
Musculoskeletal Research Center 
at Washington University School of 
Medicine)

BIO 
Christine Pham, MD, is a Professor 
of Medicine and Pathology and 
Immunology at Washington University 
School of Medicine. She is a practising 
rheumatologist and physician scientist 
whose interests include the design of 
strategies to safely deliver nanomedicine 
for the treatment of inflammatory 
diseases, with a focus on arthritis.

CONTACT 
Dr Christine Pham 
Washington University School of Medicine 
Department of Medicine
Division of Rheumatology
660 S. Euclid Ave Campus Box 8045 
St. Louis, MO 63110 
USA

T: +1 314-362-9043 
E: cpham@wustl.edu

Detail

How has your involvement with 
rheumatoid arthritis as a physician 
affected your studies as a researcher? 
As a physician my research is disease-
oriented, focusing on elucidating 
pathways that may be targeted for 
treatment. 

What are the main challenges of 
working with siRNAs? 
siRNAs are short lived and taken up 
poorly by cells without a delivery system. 
A peptide-based nanoparticle delivery 
system protects the siRNAs from 
degradation during circulation in the 
blood stream and promotes their uptake 
inside the cell.

Does the RA mouse model have limits? 
Although the cause of arthritis in this 
mouse model is different than actual RA, 
the pathways contributing to inflammation 
and articular damage are still relevant.

What is the next step for this research 
to move towards the bedside? 
A new company (Trasir Therapeutics, 
Inc., St Louis, MO) has been formed to 
develop the nanoparticle delivery system 
for clinical testing in a number of diseases 
that feature inflammation at their core 
including arthritis, cancer, atherosclerosis, 
and kidney disease.

What is the potential impact for 
patients and what other disorders 
might be affected? 
Up to a third of patients with RA fail to 
respond to conventional treatment. On 
the other hand, there is currently no 
effective treatment for osteoarthritis. 
Translation of this technology to the 
clinic will impact a large segment of the 
population, potentially affecting many 
inflammatory processes beyond arthritis.

The Pham/Wickline team was able to show 
that intravenously injected peptide-siRNA 
nanocomplexes localised to the immune 
cells in the inflamed joints of an RA mouse 
model, while free siRNA, which has a 
half-life of minutes, was unable to do so. 
The peptide-siRNA complexes were not 
sequestered in “off-target” organs such 
as the liver or spleen, suggesting focused 
delivery of siRNA to the region of interest, 
the inflamed joint.   

THAT HITS THE SPOT
Having shown they could target the right 
location, the team progressed to inserting 
the siRNA specific for the protein p65 
–  a component of the nuclear factor 
kappa-light-chain-enhancer of activated 
B cells (NF-κB) pathway. The p65 protein 
is normally held in reserve in cells by the 
presence of inhibitors until activated during 
an immune response. When activated, it 
promotes the production of a wide range 
of pro-inflammatory molecules called 

cytokines – essential for the correct immune 
response to infection, but also extensively 
implicated in RA pathogenesis. Following 
initiation of inflammatory arthritis in a mouse 
model, a three-day dosing regime of the 
peptide-p65 siRNA complexes “rapidly 
stabilised ankle swelling and significantly 
supressed arthritis score”. Along with the 
significantly attenuated disease score there 
was a marked reduction in the recruitment 
of leukocytes (white blood cells, the primary 
players in an immune response), suppression 
of inflammatory cytokine production as well 
as a reduction in bone erosion and cartilage 
damage. These effects were not seen with 
intravenous administration of free siRNA, 
which the researchers posit is due to the 
inability of un-complexed material to enter 
the cell and block the target mRNA.

While the complex was effective at targeting 
only the area of interest it has no secondary 
effects elsewhere. This is particularly 
evident in the immune response, which was 
sufficiently robust despite the treatment 
regime, showing that this treatment has 
the potential to target just the elements of 
inflammation that have gone awry in this 
model of arthritis while sparing the immune 
system to respond to infection as needed.

EXPANDING THE TREATMENT HORIZON
While the researchers have taken advantage 
of the enhanced vascular permeability in 
RA (whereby certain molecules naturally 
accumulate more in inflamed than normal 
tissues through “leaky” blood vessels) 
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to deliver siRNA intravenously, they also 
recognise the possibility of utilising the 
system to explore local delivery of the 
peptide-siRNA complex to avascular tissues 
that are otherwise inaccessible through 
systemic delivery. 

Further processing of this basic concept 
could open the way for other disease 
processes to be targeted using the same 
technology, providing novel treatments for 
osteoarthritis, another extremely common 
form of arthritis with limited disease 
treatment options. Early work conducted in 
collaboration with Dr Sandell has shown that 
peptide-siRNA nanocomplexes targeting 
p65 may be effective in reducing cartilage 
cell death and damage – characteristics 

of osteoarthritis. The avascular cartilage 
is normally inaccessible even to locally 
delivered drugs due to the dense matrix 
that prevents their penetration, posing a 
challenge to osteoarthritis treatment. The 
peptide-siRNA complex can freely and 
deeply enter the cartilage matrix due to its 
size, thus overcoming a major drug delivery 
obstacle. As such, it presents a real option 
for osteoarthritis treatment. 

Dr Pham and her collaborators are confident 
that the site-specific gene-silencing activity 
of this platform, coupled with the minimal 
collateral damage to other parts of the 
immune system may have, “real translational 
potential for the treatment of many 
inflammatory processes beyond arthritis".

Rheumatoid arthritis and osteoarthritis 
are chronic, incapacitating diseases 
of the joints. Dr Pham is investigating 
novel treatment approaches to these 
conditions, as well as other pathologies 
of immune system dysfunction
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Translation of this technology to the 
clinic will impact a large segment of 
the population, potentially affecting 
many inflammatory processes 
beyond arthritis
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