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The Setting

During the past decade, we have seen 
such a dramatic increase in the number 
of image-guided options available to 
treat cancer to the point of developing 
a whole new subspecialty, intervention-
al oncology. These techniques have in-
cluded an expanding repertoire of 
agents to be directly injected either 
percutaneously into the tumor or deliv-
ered by using a transcatheter approach 
focally to the target site (3), as well as 
multiple energy sources to perform 
both thermal and nonthermal ablation 
(4). Injectable agents available now go 
far beyond a wide array of chemother-
apeutic agents to include biologic agents 
(such as antiangiogenics), radioactive 
particles (such as yttrium 90), and gene 
therapies. Although this proliferation of 
parallel developments represents a 
wonderful opportunity for helping a 
greater number of patients, it also rais-
es many questions as to how to best 
match and tailor the myriad of potential 
approaches to certain cancers and indi-
viduals.

Whereas in the past, in general, 
more empirical approaches were tried, 
the efforts of Ganapathy-Kanniappan et 
al fortunately continue the trend of tran-
sitioning to a mechanistic approach of 
molecular-based therapies. This article 
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Summary: In this basic research study, Ganapathy-Kanniappan et al 
advance our understanding of how to block the glyco-
lytic pathway to inhibit tumor progression by using image-
guided procedures (1). This was accomplished by demon-
strating their ability to perform molecular targeting of 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in 
human hepatocellular carcinoma (HCC) by using percutane-
ous injection of either inhibitor—3-bromopyruvate (3-BrPA) 
or short hairpin RNA (shRNA). They take the critical step 
of providing further rationale for potentially advancing this 
therapy into clinical trials by demonstrating that GAPDH 
expression strongly correlates with c-jun, a proto-oncogene 
involved in liver tumorigenesis in human HCC (2).

represents a key paradigm shift in our 
overall thinking—moving from an empir-
ical approach of “try it because it might 
work, because the therapy has been 
shown to work in a few clinical series” 
to providing a clear rationale for the 
choice of a given intervention by identi-
fying key mechanisms that can be ex-
ploited by administering specific agents 
to arrest the growth or eradicate a given 
tumor that shows over- or underexpres-
sion for gene X or compound Y. Here, 
the investigators continue their elegant 
work targeting the glycolytic pathway, 
specifically GAPDH, which although is 
regulated by a housekeeping gene ex-
pressed in all cells, it is an obligate en-
zyme for many tumors particularly those 
that live in a hypoxic environment (5).
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The Science

Ganapathy-Kanniappan et al use cutting-
edge molecular biologic techniques to 
demonstrate that GAPDH antagonists 
can reduce GAPDH activity, which in 
turn influences tumor viability. They ac-
complish this by using an HCC cell line 
that was transfected with the lucifer-
ase (ie, firefly) gene, which enables the 
use of bioluminescence detection to al-
low straightforward quantification of 
the number of viable cells expressing 
this protein. Both chemical (3-BrPA) 
and genetic (shRNA that blocks pro-
duction of GAPDH) agents were admin-
istered. First, they showed reduced via-
bility in cell cultures to 3-BrPA in a 
dose-dependent manner. Next, they tran-
sitioned their studies into an in vivo 
mouse tumor model and showed at  
7 days that 3-BrPA treatment primar-
ily inhibited GAPDH activity (74.5%), 
with an associated decrease in mRNA 
expression to approximately 34.3% of 
baseline in these fluorescent HCC tumors 
(Figure) (3). Likewise, GAPDH shRNA 
inhibited both activity (60.6%) and ex-
pression (44.4%). Targeted inhibition of 
GAPDH by using 3-BrPA or shRNA also 
induced apoptosis as demonstrated by 
immunohistochemical and Western blot-
ting techniques. Last, HCC samples from 
human patients demonstrated a strong 
correlation between GAPDH upregula-
tion and the proto-oncogene c-jun ex-
pression, which was seen in 59% of the 
samples.

The Practice

Although we may still be a short 
distance from routine clinical use of 
3-BrPA, this work in concert with the 
substantial research effort of the 
Johns Hopkins group has certainly pro-
gressed to point where future clinical 
trials can be envisioned. The investiga-
tors indeed note many future opportu-
nities and some challenges, the first 
being characterization and optimization 
of dosing regimen to maximize the ther-
apeutic benefit versus any potential 
short- or long-term negative effects to 
homeostasis or energy requirements 
of normal tissues where GAPDH is ex-

pressed, first in animals and then likely 
in early phase I and II clinical studies. 
The best methods for distribution (ie, 
percutaneous injection vs transcatheter 
delivery) will also need to be explored, 
again likely sequentially in animals and 
then humans. Once efficacy has been 
established in more long-term animal 
studies, controlled and ideally ran-
domized trials comparing 3-BrPA with 

other interventional and more conven-
tional therapies will undoubtedly be 
warranted. It is however most likely 
that a combination of strategies (ie, si-
multaneously targeting more than one 
oncogenic pathway) will prove most ef-
ficacious in clinical practice. This holds 
especially true for therapies that are 
not going to affect 100% of potentially 
mutative tumor cells and for tumors such 
as HCC that do not always invariably 
have a given mutation such as c-jun. In-
deed, this variable genetic expression 
raises the issue of what is likely to be-
come an ever more important function 
of the interventional radiologist in the 
era of personalized medicine, namely 
increased performance of tumor biopsy 
with the goal of determining specific 
biomarkers to enable targeting of tu-
mors with specific agents on the basis 
of gene expression (6).

While it is likely overly optimistic to 
expect every radiologist to be continu-

ously up to date with the fine details of 
the ever-expanding plethora of cutting-
edge molecular biologic techniques, it is 
important for all concerned to be aware 
and appreciative of the potentially tre-
mendous effect that these can have on 
our field. These techniques can and 
should be applied to answer many open 
but basic questions about what we as 
radiologists can and do accomplish with 
our treatments. Indeed, on the basis of 
the wealth of extant techniques, it is 
well beyond the scope and possibility of 
any Science to Practice article to fully 
review the spectrum of molecular bio-
logic techniques that are now available. 
Accordingly, the interested reader is 
directed to the following reviews that 
more fully address the implementation 
and effect of key techniques used in this 
article including shRNA (7) and apopto-
sis detection (8), as well as to recom-
mended animation at http://www.na-
ture.com/nrg/multimedia/rnai/index.
html. Equally important is awareness of 
an outstanding Web site www.proto-
col-online.org that explains the ratio-
nale and methods of these techniques 
(including bioluminescence imaging, 
mRNA expression, and other methods 
described) in an easy-to-grasp, straight-
forward format.

We hope that 10 years from now we 
will look back at this article and ac-
knowledge it as one of the pioneering 
group that started the trend toward in-
corporating cutting-edge scientific tech-
niques into interventional radiology. 
Indeed, we have much to gain by incor-
porating molecular biologic tools and 
strategies into interventional oncology 
research. This undoubtedly could be 
facilitated by allying with dedicated 
research scientists who use these tech-
niques on a daily basis to advance med-
ical science in other disciplines, as 
called for 7 years ago in “Society of  
Interventional Radiology Intervention-
al Oncology Task Force: Intervention-
al Oncology Research Vision State-
ment and Critical Assessment of the 
State of Research Affairs” (9) and as is 
in common practice for magnetic reso-
nance imaging where incorporation of 
physicists into the research and clinical 

While it is likely overly optimis-
tic to expect every radiologist 
to be continuously up to date 
with the fine details of the 
ever-expanding plethora of 
cutting-edge molecular biologic 
techniques, it is important for 
all concerned to be aware and 
appreciative of the potentially 
tremendous effect that these 
can have on our field. 
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team is virtually mandated. Such build-
ing of bridges will assist us both in 
terms of better optimizing our extant 
platforms and, as this article shows, 
open new vistas for image-guided treat-
ment. By the same token, it is also im-
perative that we go to the greatest 
lengths to educate our colleagues in 
cutting-edge scientific fields as to what 
image-guided techniques have to offer, 
not only for focal high-concentration 
percutaneous or catheter drug delivery 
but also for substantially improving 
other paradigms such as gene and stem 
cell therapy where the substantial bar-
riers that exist currently to delivery and 
retention may very well be obviated by 
using interventional oncology tech-
niques (10).
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