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Comments

Hepatocellular carcinoma (HCC) is one of the
most malignant solid tumors causing over 650,000
global deaths each year.! Attributed to complex me-
chanisms, the tumorigenesis of HCC is associated
with a broad range of risk factors, including HBV/
HCV infection, heavy alcohol consumption, and
non-alcoholic steatohepatitis (NASH).2 Although the
underlying mechanisms of the HCC tumorigenesis is
not fully understood, it should be noted that the on-
set of HCC is often accompanied by inflammation
and aberrant proliferation of hepatocytes stimulated
by pro-inflammatory cytokines in the liver.3* Hence,
liver inflammation and deregulated hepatocyte proli-
feration have been postulated as major contributing
factors to the tumorigenesis of HCC. Interestingly,
the signal transducer and activator of transcription
3 (STAT3) may play critical roles in HCC tumorige-
nesis due to its involvement in both processes.58
The phosphorylation of STATS3, induced by extrace-
HNular stimuli such as pro-inflammatory cytokines,
results in its subsequent translocation into the nu-
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cleus; once in the nucleus, STAT3 regulates the
transcription of many genes, some important to tu-
morigenesis.” Notably, STATS3 activation is preva-
lent in malignant tissues in HCC tumors from
patients with poor prognosis, but not in adjacent
normal tissues.®? STATS activation is transient in
normal cells but is constitutive in cancer cells, sug-
gesting its close association with tumorigenesis.
However, it remains unclear how the constitutive
activation of STAT3 is maintained throughout the
tumorigenesis of HCC.

As negative regulators of gene expression,
microRNAs play key roles in a variety of critical bio-
logical processes, many of which are associated with
the progression and prognosis as well as response to
treatment of many tumors.!? Interestingly, recent
studies have indicated that the expression of tumor-
associated microRNAs can be directly induced by
STAT3.11-13 Nevertheless, the relationship between
STAT3 and microRNAs seems more complicated.
Zhang, et al. demonstrated that a primate-specific
microRNA-637 was able to negatively regulate the
STATS activity by repressing the expression of the
pro-inflammatory cytokine leukemia inhibitory factor
(LIF). In this study, the authors not only provided
evidence from both in vitro and in vivo experiments
elucidating the regulatory relationship between miR-
637 and LIF, but also demonstrated significant
growth retardation in tumors caused by over-expres-
sion of miR-637 in a murine model.

In this fine work, the authors initially demons-
trated that miR-637 expression level was significant-
ly lower in HCC cell lines and tumor specimens
compared with that in non-HCC tissues. They also
showed the inverse relationship between the levels
of miR-637 expression and FBS-induced cell prolife-
ration. More importantly, miR-637 over-expression
in HCC cells strongly repressed cell proliferation
and simultaneously induced apoptosis, which sug-
gested an anti-tumor effect of miR-637. To elucidate
the role of miR-637 in HCC tumorigenesis, the au-
thors identified potential targets of miR-637 related
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to HCC formation using bioinformatic approaches.
They found that both STAT3 and its activation in-
ducer LIF were predicted targets of miR-637. To va-
lidate the regulatory relationship between miR-637
and these two targets, a reporter system was used to
confirm the miR-637 mediated repression on LIF
and STATS3 expressions. It turned out that LIF, but
not STAT3, was a direct target of miR-637. The re-
pression of LIF by miR-637 resulted in down-regula-
tion of STATS3 phosphorylation and therefore its
activity. More importantly, STAT3 phosphorylation
could be restored by supplementing exogenous LIF
in the culture, suggesting that miR-637 was able to
regulate STAT3 activity by controlling the level of
LIF expression. In addition, the authors used a mu-
rine model to investigate the role of miR-637 in the
context of HCC. In nude mice injected with hepato-
ma cells that over-expressed miR-637, the tumors re-
mained significantly smaller than the tumors in the
controls. A closer look at the levels of activated
STAT3 in these tumors clearly revealed that increa-
sed miR-637 expression correlated with decreased
STAT3 phosphorylation. Although the authors did
not provide data indicating an inverse relationship
between LIF and miR-637 in mice, they demonstra-
ted this relationship in human HCC samples. Taken
together, the evidence from this study strongly
points to a protective role of miR-637 against HCC
tumorigenesis and development.

The work of Zhang, et al. is particularly interes-
ting because they provided a mechanistic model po-
tentially useful for developing siRNA-based HCC
therapeutics. As most anti-cancer drugs with the ex-
ception of sorafenib are largely ineffective in trea-
ting HCC, siRNA-based therapeutics may be a viable
alternative as they are effective, safe, easy to design
and amenable to commercial production. Further-
more, a number of siRNA drugs have demonstrated
their efficacy in treating advance cancer,'* viral di-
seases, 16 and hypercholesterolemia with more cli-
nical trials planned.

Several caveats must be considered in interpre-
ting the results of Zhang, et al.,, to address the toxi-
city and safety of miR-637 as an anti-tumor drug
candidate. First, the effect of miR-637 over-expres-
sion in hepatocytes needs to be assessed in a broader
scope. Since a microRNA is able to repress the ex-
pression of dozens or even hundreds of cellular ge-
nes, other pathways associated with the predicted
miR-637 targets could be analyzed by bioinformatics
to identify potential adverse effects. In addition,
high-throughput genomics and next-generation
sequencing technologies could be used to detect non-

specific effects of miR-637 over-expression that
cannot be identified by bioinformatics alone.
Second, it would be useful to identify other cellular
microRNAs that also repress the LIF expression
for designing siRNA drugs with fewer “off-target”
effects. Combination therapy using multiple
microRNAs targeting the same gene would likely re-
quire a lower effective dose, relative to the use of
just a single microRNA at a high dosage, but with
minimized off-target effects.

In conclusion these exciting findings offer new
promise in understanding the pathogenesis of HCC
and may open new avenues to novel therapeutics
against this important liver disease.

REFERENCES

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA Cancer J Clin 2011; 61:
69-90.

2. Hassan MM, Hwang LY, Hatten CJ, Swaim M, Li D, Abbruz-
zese JL, Beasley P, et al. Risk factors for hepatocellular
carcinoma: Synergism of alcohol with viral hepatitis and
diabetes mellitus. Hepatology 2002; 36: 1206-13.

3. Maeda S, Kamata H, Luo J-L, Leffert H, Karin M. IKKf
couples hepatocyte death to cytokine-driven compensa-
tory proliferation that promotes chemical hepatocarcino-
genesis. Cell 2005; 121: 977-90.

4. Elsharkawy AM, Mann DA. Nuclear factor-kf3 and the hepa-
tic inflammation-fibrosis-cancer axis. Hepatology 2007;
46: 590-7.

5. Hodge DR, Hurt EM, Farrar WL. The role of IL-6 and
STAT3 in inflammation and cancer. Eur J Cancer 2005; 41:
2502-12.

6. Lin L, Liu A, Peng Z, Lin HJ, Li PK, Li C, Lin J. STAT3 is
necessary for proliferation and survival in colon cancer-
initiating cells. Cancer Res 2011; 71: 7226-37.

7. Lee H, Deng J, Xin H, Liu Y, Pardoll D, Yu H. A Requirement
of STAT3 DNA binding precludes Th-1 immunostimulatory
gene expression by NF-xf in tumors. Cancer Res 2011; 71:
3772-80.

8. He G, Yu GY, Temkin V, Ogata H, Kuntzen C, Sakurai T,
Sieghart W, et al. Hepatocyte IKK-B/NF-kf inhibits tumor
promotion and progression by preventing oxidative stress-
driven STAT3 activation. Cancer Cell 2010; 17: 286-97.

9. Calvisi DF, Ladu S, Gorden A, Farina M, Conner EA, Lee JS,
Factor VM, et al. Ubiquitous activation of Ras and JAK/
STAT pathways in human HCC. Gastroenterology 2006;
130: 1117-28.

10. Calin GA, Croce CM. MicroRNA signatures in human can-
cers. Nat Rev Cancer 2006; 6: 857-66.

11. Hatziapostolou M, Polytarchou C, Aggelidou E, Drakaki A,
Poultsides GA, Jaeger SA, Ogata H, et al. An HNF4a-miRNA
inflammatory feedback circuit regulates hepatocellular on-
cogenesis. Cell 2011; 147: 1233-47.

12. Dai B, Meng J, Peyton M, Girard L, Bornmann WG, Ji L, Min-
na JD, et al. STAT3 mediates resistance to MEK inhibitor
through microRNA miR-17. Cancer Res 2011; 71: 3658-68.

13. lliopoulos D, Jaeger SA, Hirsch HA, Bulyk ML, Struhl K.
STAT3 activation of miR-21 and miR-181b-1 via PTEN and
CYLD are part of the epigenetic switch linking inflamma-
tion to cancer. Mol Cell 2010; 39: 493-506.



274

Li Y, et al. Awnass of Hepatology, 2012; 11 (2): 272-274

14.

15.

Senzer N, Barve M, Kuhn J, Melnyk A, Beitsch P, Lazar M,
Lifshitz S, et al. Phase | trial of “bi-shRNAifurin/GMCSF
DNA/Autologous Tumor Cell” Vaccine (FANG) in advanced
cancer. Mol Ther 2011 (In press).

Geisbert TW, Lee AC, Robbins M, Geisbert JB, Honko AN,
Sood V, Johnson JC, et al. Postexposure protection of
non-human primates against a lethal Ebola virus challenge

16.

with RNA interference: a proof-of-concept study. Lancet
2010; 375: 1896-905.

DiGiusto DL, Krishnan A, Li L, Li H, Li S, Rao A, Mi S, et al.
RNA-based gene therapy for HIV with lentiviral vector-mo-
dified CD34* cells in patients undergoing transplantation
for AIDS-related lymphoma. Sci Transl Med 2010; 2:
36ra43.



