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Targeting cancer stem cells in cancer therapy
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Abstract. Cancer stem cells (CSCs) have emerged as a population of cells that plays a vital role in
recurrence of metastatic cancer, particularly resistant to chemotherapy and radiotherapy. In this
article, we will discuss the correlation of CSCs with tumor immunology, microenvironment, long
noncoding RNAs (IncRNAs) and tumor associated genes. These particular areas of discussion may
help to identify novel strategies to target CSCs in future cancer therapies.

1.Introduction

Cancer stem cells (CSCs) are cancer cells which has the characteristics of stem cells. CSCs are
very similar to stem cells in many aspects, such as self-renewal, unlimited proliferation and the
asymmetric division capacity!). CSCs are lack of pure mature energy power, they tend to
accumulate replication errorst?. On the base of these analysis, CSCs have been defined as a small
sub-population of “tumor-initiating cells” or “tumorigenic cells” which may be the key contributors
to maintenance, recurrence, and metastasis of cancer®. CSCs were conducted in ALL¥!, AMLE!
and other solid cancers. And CSCs model provides an explanation for the resistance to
chemotherapy in some type of tumors®. Expression of CD133 in glioblastoma cell population
increased after radiation therapy, whether in glioma cell lines or in nude micel”.

Therefore, strategies that aim to CSCs are of particular interest in cancer therapy . This study
conducts a review of published reports to identify the mechanisms of therapies for targeting CSCs.
1.1.The Immune System and CSCs

Harnessing the power of the immune system against CSCs, has become an area of significant
interest ). Cellular immune-based therapies targeting CSCs have shown that cytotoxic T
lymphocytes (CTLs) are specific for the tumor-associated antigen CEP55 can efficiently recognize
CSCs. Moreover, intentional activation of Vgamma9Vdelta2 T cells by zoledronate may increase
anti-tumor activities by inducing the production of cytokines (TNF-alpha and IFN-gamma) to
destroy CSCsM.

Vaccines provide a unique avenue to utilize the immune system in generating anti-tumor
activities. A novel melanoma B16F10-ESAT6-gpi/IL-21 CD133(+)CD44(+) CSC vaccine has been
shown to exhibit anti-melanoma lung metastasis efficacy and was associated with elevated levels of
serum anti[-l?]ntigenic target (ESAT6) and IFN-gamma and increased cytotoxic activities of natural
Killer cells*™.

Antibody constructs provide another approach to act against CSCs. The anti-EREG antibody
(epiregulin, epidermal growth factor family) has been shown to exhibit significant efficacy in an
established metastatic NOG (NOD/Shi-scid/IL-2Rcnull) mouse model. The anti-EREG antibody is
particularly effective in the early stage of tumorigenesis when the cancer is rich in CSCs™*?.
1.2The Microenvironment and CSCs

CSCs maintain characteristics though interacting with their microenvironment. One of the
components of CSCs niche is the tumor-associated macrophage (TAM) ™. In rat C6 glioma side
population (SP) cells as a model of glioma CSCs, CSC-induced macrophages can be separated into
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CD11¢"" and CD11c"%" cells. Intracranial transplantation into immune-deficient mice together with
CSCs showed that only the CD11c"9" subset of cells possessed protumoral activity. Therefore, these
CD11c"" macrophages may be a target in disrupting the CSC niche.

Cytokines (TGF-B, TNF-a, IL-6) produced by the microenvironment can provide signals to
induce self-renewal of CSCs!™. IL-6 plays important roles in CSC maintenance. Currently,
non-small cell lung cancer (NSCLC) CD133+ cells expressing IL-6 exhibited increased survival
following radiation treatment comparing to those with knockdown of 1L-6 expression. IL-6 plays an
important role in protecting NSCLC CD133+ cells from radiation-induced DNA damage and
apoptosis™®. These findings suggest that modulating IL-6 activity may provide an effective
therapeutic strategy in NSCLC CSCs treatment.

1.3 Non-coding RNA and CSCs

Non-coding RNA, including microRNA (miRNA) and long non-coding RNA, can alter the
properties of CSCs and may provide novel therapeutic targets. One study utilized PCR-based
miRNA profiling analysis of normal colon stem cell (NCSCs) and colon CSCs
(EpCAM+/CD44+/CD66a-) to identify miR-137 (miRNA-137), which serves to regulate colon
CSC propertiest®. MiR-137 was downregulated in the colon CSCs compared to NCSCs.
Overexpression of miR-137 suppressed the development of colon cancer in vitro and the
tumorigenicity of colon cancer cells in vivo through inhibition of DCLK1 expression.

Recently, long non-coding RNAs (IncRNAs) have been reported to exhibit aberrant expression
in various malignancies of CSCs. Depletion of Inc-DILC has been shown to markedly enhance
expansion of liver cancer stem cells (LCSCs) and facilitate hepatocellular carcinoma (HCC)
initiation and progression. Furthermore, Inc-DILC overexpression suppressed the effects of IL-6
transcription, signal transducer and activator of transcription 3 (STAT3) activation, and LCSC
expansion triggered by Inc-DILC depletion™”. An oncogenic IncRNA, MALAT-1, has been
reported to promote EMT in pancreatic cancer and to regulate expression of CSC markers!*®!.
MALATL could increase the expression pancreatic CSCs, maintain self-renewing capacity,
decrease sensitivity to anticancer medications, and accelerate tumor angiogenesis in vitro and in
vivo. The potential effects of MALAT1 suggest it will be as a promising therapeutic target for
pancreatic CSCs.

1.4 Stemness associated genes and CSCs

Sox2, Bmil, and Oct4 have been identified as stemness associated genes of CSCs. These genes
and their specific signaling pathways have been suggested to contribute to the stem cell features of
CSCs™. Modulation of stemness associated genes may provide a potential molecular target for
suppressing the proliferative and resistant properties of CSCs. Bmil (B-cell-specific Moloney
murine leukemia virus insertion site 1) is a member of the Polycomb group gene (PcG) family,
which plays a role in the proliferation, migration, and tumorigenesis of several types of CSCs.
Knockdown of Bmil by shRNA in CD44+ nasopharyngeal carcinoma cancer stem-like cells
inhibited tumor proliferation, migration, and invasion in vitro and in vivo. Furthermore, silencing
Bmi-1 exgression with shRNA increased tumor apoptosis through the pl6INK4a-pl4ARF-p53
pathway!?%.

2.Conclusion

The CSC theory has provided an insight into the functions of CSCs. CSCs can make these cells
appeale targets in drug design and cancer treatment including their immunology, interactions with
their microenvironments, their relationships between non-coding RNA, and the role of stemness
associated genes. As the complexity of CSCs, multiple therapeutic strategies may need to be
combined to synergistically optimize and improve CSC targeting and future cancer therapy.
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