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During the process of tumorigenesis, the 
microenvironments of cancer cells are con-
stantly undergoing changes and remodel-
ing. Such changes and remodeling can 
lead to shortage of blood supply, reactive 
immune responses and damage to cellular 
components (Fig. 1). Any environmental 
fluctuations leading to deviations from 
physiological homeostasis are considered 
as stress to cancer cells. It is well known 
that strategies taken to modulate stress sig-
naling are critical to tumor development. 
This also marks a distinction of malignant 
cells from normal ones. Currently, evolv-
ing evidence suggests that microRNAs 
play key roles in stress response media-
tion.1 MicroRNAs have been shown to 
exert diverse functions in cancer cell pro-
liferation, cell cycle progression, invasion 
and angiogenesis.2-4 Notably, microRNAs 
regulate cellular metabolism in a cell-spe-
cific and context-dependent manner.

Recent research from our lab has 
gained insight into this issue, using glio-
blastoma cells as a model to test the con-
text-dependent functions of microRNA. 
Glioblastoma is characterized by aggres-
sive angiogenesis and the generation of 
tumor stem-like cells (TSCs), making 
it an optimal candidate to test TSC-
related phenotypes. Initially, we found 
that microRNA miR-378 accumulated in 
glioblastoma U87 cells when deprived of 
serum in vitro, and miR-378, in turn, con-
tributed to tumor angiogenesis in vivo.5 
This led us to further examine alterations 
to the microRNA network when cancer 
cells were starved. Under these conditions, 
we found a group of microRNAs upregu-
lated therein, including miR-17.6 MiR-17 
has a controversial role in different can-
cers: it can function either as an oncomir 
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or as a tumor-suppressor depending on 
the tumor type. Glioblastoma cells over-
expressing miR-17 appeared “highly adap-
tive” as compared with the other cancerous 
cells. Under favorable conditions, the pro-
liferative capacity of miR-17-expressing 
cells decreased. By reducing their meta-
bolic rate, such growth retardation could 
protect them from serum-starvation. As 
a result, these cells showed increased 
survival under serum-free conditions. 
Moreover, miR-17-expressing cells became 
more resistant to treatments with cyto-
toxic reagents, since most chemotherapeu-
tic drugs function by diminishing highly 
proliferative tumor cells. These effects 
appeared to be the consequence of miR-17 
targeting MDM2 and PTEN. Through 
the negative regulation of p53, MDM2 
acts as an oncogene, and suppression of 
MDM2 resulted in reduced proliferation. 
However, PTEN is a tumor suppressor 
gene that dominates the PTEN/Akt/HIF-
1alpha pathway. Downregulating PTEN 
caused activation of HIF-1alpha, which 
contributed to tumor survival and angio-
genesis. Interestingly, HIF-1alpha expres-
sion was only stabilized under stressed 
conditions and acted as a sensor to detect 
environmental fluctuation. Activation of 
HIF-1alpha in response to chemotherapy 
not only prolonged glioblastoma cell sur-
vival, but also accelerated the transfor-
mation of TSCs. Tumor stem-like cells 
have been identified as one of the most 
important causes of tumor recurrence. It 
is believed that a subpopulation of cancer 
cells is capable of preserving their tumori-
genicity after cytotoxic chemotherapy. But 
how these cells remain undamaged after 
treatment is not readily explained by cur-
rent theory.

The glioblastoma TSCs show charac-
teristic overexpression of miR-17, which 
restricts cell growth to an indolent pattern. 
Interestingly however, these cells were 
more able to resist drug treatment and 
generate secondary colonies. Particularly 
under stressed conditions, TSCs were 
enriched in glioblastoma cells overexpress-
ing miR-17. These cells showed a greater 
ability to induce angiogenesis when the 
nutritional supply was decreased, which 
may contribute to evasion of traditional 
chemotherapeutic treatment. Thus, the 
effects of miR-17 in glioblastoma are 
2-fold. First, by shifting the metabolic 
requirements during periods of tumor 
growth, these malignant cells can evade 
traditional chemotherapy regimens. 
Second, increased angiogenic capacity 
allows these cancer cells to rapidly regrow 
through increased tumor vascularization.

The realization that microRNAs play 
a dual role in glioblastoma cells will pro-
vide a new perspective to our understand-
ing of stress responses in cancer. To adapt 
to fluctuations in environmental stress, 
microRNA networks can balance signal-
ing by targeting both positive and nega-
tive regulators of tumor progression.7 Any 
changes leading to imbalanced signaling 
might trigger the responses of microR-
NAs accordingly. The heterogeneity of 
cancer lies not only in its genetic diversity, 
but also in its wide array of modifications 
at the post-transcriptional level, indeed 
posing a new challenge in developing 
cancer therapeutics. For example, tradi-
tional therapy may fail to eliminate miR-
17-overexpressing cancer cells, which are 
inherently resistant to current drug treat-
ments. Targeted therapy might also lead 
to acquired drug resistance if microRNA 
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anti-miRNA sponge that can efficiently 
decrease specific microRNA activity in 
vitro and in vivo.2 The ability of microR-
NAs to mediate TSC functioning high-
lights the importance of understanding 
microRNA networks in cancer progres-
sion. Much work needs to be done to 
uncover the intricacies of miRNA func-
tioning. Understanding the mechanism 
may provide unprecedented opportunity 
in targeted cancer therapy.
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altered the therapeutic target secondary to 
survival pressure. Anti-angiogenic therapy 
is commonly used in treating advanced 
glioblastoma patients, but drug resistance 
has been observed frequently. The finding 
that miR-17 contributes to glioblastoma 
angiogenesis by over-inducing expression 
of VEGF provides another possible mech-
anism of resistance to anti-angiogenic 
therapy.

Subpopulations of cancer cells with 
stem cell-like properties have been shown 
to give rise to secondary tumors following 
traditional chemotherapy. Understanding 
the contributions of miRNA to these phe-
notypes will be valuable. For example, 
glioblastoma patients with high levels of 
miR-17 might benefit more from surgi-
cal resection, instead of chemotherapy. 
To address microRNA-induced drug 
resistance, our lab has developed an 

Figure 1. By targeting multiple pathways, microRNA networks such as miR-17-associated pathway play a key role in regulating stress response of 
cancer cells. These stresses may come from chemotherapy treatment, lack of blood supply, cell apoptosis and immune attack. To respond to these 
stresses, miR-17 could mediate drug resistance, angiogenesis, cell survival and immune evasion.


