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Introduction
Colorectal cancer (CRC) is the fourth most common malignancy

worldwide, with 1.23 million patients diagnosed each year and a huge
proportion of them characteristic early metastasis [1]. Usually,
colorectal cancer mortality occurs in patients whose cancer cells
metastasize to distant sites, such as the liver, lungs, brain, and bones. In
detail, individual cells must reach the sites of metastasis and proliferate
to form secondary tumors. However, only a small proportion of cancer
cells in primary colorectal tumors have self-renewal and tumor
initiating capacity, which is necessary to form metastasis or recurrent
tumors, and are designated as tumor initiating cells or cancer stem
cells (CSCs).

CSCs play a critical role in metastatic process, which is the major
cause of death for colorectal cancer patients. Not only because CSCs
are capable of forming clinically relevant metastases at secondary sites,
but also, the CSCs have increased resistance to chemotherapy and
radiation therapy [2,3]. Therefore, newly effective therapeutic
strategies especially targeting CSCs are urgently required. As a strategy
for cancer therapy, immunotherapy has begun to revolutionize cancer
treatment, by introducing therapies that targeting not the tumor itself,
but the host immune system, therapies that possess unique adverse
event profiles, and therapies that might monitor cancer stem cells in
many different types of cancer [4]. Despite recent advances in the
development of cancer immunotherapies and vaccines, immune
suppression and tumor tolerance remain formidable obstacles to many
potentially effective immunotherapies.

Cytokine disbalance which exists in most human cancers, is the
main cause of immune system function disorder that might lead to
tumor occurrence and development [5]. Interleukin (IL)-4, IL-6 and
IL-8 levels elevated in most patients suffering from breast, prostate and
colorectal cancers. In contrast, the level of IL-12 was too low to be
detected in the sera of patients with gastric and colorectal cancer [6].
IL-12 effectively enhances anti-tumor immune response but the
function of IL-12 in regulating CSCs survival and invasiveness is not
clear. In our previous published article entitled “Interleukin-12 inhibits
the survival of human colon cancer stem cells in vitro and their tumor
initiating capacity in mice” Xiaoling Yin et al. report the first evidence
of the IL-12 implication in CSCs phenotype [7]. Interleukin 12 (IL-12)
plays an important role in creating an interconnection between the
innate and adaptive immunity, such as induces the Th1-type immune
response [8]. It is naturally produced by dendritic cells [9],
macrophages, neutrophils, and human B-lymphoblastoid cells in
response to antigenic stimulation. IL-12 has been observed in many
different types of cancer, such as cutaneous T-cell lymphoma, renal cell
carcinoma, ovarian cancer and melanoma. IL-12 binds to the IL-12
receptor to active its potential signal transduction. IL-12 receptor is a

heterodimeric receptor formed by IL-12R-β1, and IL-12R-β2 which is
considered to play a key role in IL-12 functions [10]. As an antitumor
cytokine, IL-12 is involved in many aspects of antitumor responses,
such as stimulation of growth and cytotoxicity of activated NK cells,
CD8+ and CD4+ T cells [11], shifting differentiation of CD4+.

Th0 cells toward the Th1 phenotype [12]; increasing production of
IFN-γ, which is the most potent mediator of IL-12 actions, from NK
and T cells [13]; enhancement of antibody-dependent cellular
cytotoxicity (ADCC) against tumor cells [14,15]; and the induction of
IgG and suppression of IgE production from B cells [16]. Apart from
IL-12, IL-4 is usually secreted by activated T-cells and has shown
antitumor activity in vitro against lymphoma, multiple myelomas,
chronic myelomonocytic leukemia and some solid tumors [17].
Previous studies have showed that the protection from apoptosis is
mediated by stem-like cell autocrine production of IL-4 through up-
regulation of an anti-apoptotic mediator surviving [18]. IL-4 has been
involved in the regulation of survivin expression as well as its
localization through activating critical transcription factor proteins
such as STAT-6 [19]. Marshall et al. [20] also shown that IL-12 inhibits
the production of IL-4 in human CD4+ T lymphocytes, but its
implication in IL-4 secretion from cancer stem cells has not been
tested yet.

Yin et al. [7] investigated the expression of IL-12 in human sera
from colon cancer patients by ELISA, and found that IL-12 expression
was reduced in human colon cancer. In addition, lower expression of
IL-12 was correlated with colon cancer progression. They next
transfected lentivirus-IL-12 into the colon CSCs and found that IL-12
expression decreases tumorsphere formation of colon CSCs in vitro. In
vivo experiments showed that IL-12 inhibits tumor growth initiated by
CSCs in NOD/SCID mice. Additionally, they revealed that IL-12
suppresses the IL-4/STAT6 signalling pathway in colon CSCs. In this
study, Yin et al. report the capacity of IL-12 to regulate the self-renewal
and differentiation of human colon CSCs in vitro, as well as its
inhibition of tumors initiated by CSCs in mice. But why did IL-12
capture their function in CSCs? Previous study in mesenchymal stem
cells (MSCs) revealed that lentivirus-mediated IL-12 genetically
modified MSCs and inhibited malignant ascites by stimulating the
immune responses of the mice [21]. Furthermore, the rates of
apoptosis and proliferation were affected by IL-12 transfection. Yin et
al. [7] demonstrated that a higher number of apoptotic cells were
detected in lentivirus-mediated IL-12 transfected CSCs. These results
suggest that the loss of IL-12 expression in colorectal cancer probably
contributes to reduced immune responses as well as increased cell
proliferation and migration during tumor development.

Since IL-12 is one of the important regulators in controlling
immune responses, IL-12-based approaches for cancer therapy have
been emerged and developed during the past two decades. Emerging
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evidences have demonstrated that IL-12 is one of the most potent
cytokines in mediating antitumor activity in a variety of preclinical
models [22]. However, the robust antitumor effect exerted by IL-12,
has not yet been successfully translated into the clinics. The majority of
clinical trials involving systemic administration of IL-12 failed to show
sustained antitumor responses and was associated to toxic side effects
[22]. On the contrary, local application had a promising safety profile
at better antitumor efficacy, especially in solid tumors. In addition,
combination of IL-12 with other antitumor drugs, such as
cyclophosphamide [CPA] or anti-CD25 mAb, showed better antitumor
efficiency especially in colorectal carcinomas [23].

As results from the scientific research always lead to new questions,
the next step is to elucidate the mechanism in which IL-12 activites on
CSCs. Previous studies have shown that the protection from apoptosis
is due to stem-like cell autocrine production of cytokine IL-4. IL-4 is
known to be a pleiotropic lymphokine which plays a central role in the
regulation of immune system. IL-4 activates its potential signalling
pathways through tyrosine phosphorylation of STAT6, a signal
transducer and activator of transcription [24]. Yin et al. revealed that
CSCs expressed increasing levels of IL-4 and p- STAT6, suggesting the
possible existence of autocrine IL-4 and p- STAT6 signaling loop in
CSCs. Previous studies have shown that IL-4 inhibits the production of
IL-12 by STAT6-dependent and independent mechanisms [25]. In our
study, IL-12 expression led to a 60% reduction in the protein level of
IL-4 in colon CSCs, in association with apoptosis but reduced
proliferation. Although this may explain the capacity of IL-12 to
directly inhibit the stemness of CSCs, further studies will be needed to
demonstrate this mechanism more convincingly. We believe that
upcoming discoveries in this area are promising. Undoubtedly, future
research work will aid us in better understanding the complex
mechanisms of IL-12 and IL-4/STAT6 signaling and colorectal cancer
stemness phenotype.

References
1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, et al. (2010) Estimates of

worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer
127: 2893-2917.

2. Oskarsson T, Batlle E, Massagué J (2014) Metastatic stem cells: sources,
niches, and vital pathways. Cell Stem Cell 14: 306-321.

3. Dean M, Fojo T, Bates S (2005) Tumour stem cells and drug resistance.
Nat Rev Cancer 5: 275-284.

4. Kohrt HE, Tumeh PC, Benson D, Bhardwaj N, Brody J, et al. (2016)
Immunodynamics: A cancer immunotherapy trials network review of
immune monitoring in immuno-oncology clinical trials. J Immunother
Cancer 4: 15.

5. Culig Z (2011) Cytokine disbalance in common human cancers. Biochim
Biophys Acta 1813: 308-314.

6. Shibata M, Nezu T, Kanou H, Abe H, Takekawa M, et al. (2002)
Decreased production of interleukin-12 and type 2 immune responses are
marked in cachectic patients with colorectal and gastric cancer. J Clin
Gastroenterol 34: 416-420.

7. Yin XL, Wang N, Wei X, Xie GF, Li JJ, et al. (2012) Interleukin-12 inhibits
the survival of human colon cancer stem cells in vitro and their tumor
initiating capacity in mice. Cancer Lett 322: 92-97.

8. Lasek W, Zagożdżon R,, Jakobisiak M (2014) Interleukin 12: still a
promising candidate for tumor immunotherapy? Cancer Immunol
Immunother 63: 419-435.

9. Kalinski P, Hilkens CM, Snijders A, Snijdewint FG, Kapsenberg ML
(1997) Il-12-deficient dendritic cells, generated in the presence of
prostaglandin e2, promote type 2 cytokine production in maturing
human naive t helper cells. J Immunol 159: 28-35.

10. Wang KS, Frank DA, Ritz J (2000) Interleukin-2 enhances the response of
natural killer cells to interleukin-12 through up-regulation of the
interleukin-12 receptor and STAT4. Blood 95: 3183-3190.

11. Zeh HJ, Hurd S, Storkus WJ, Lotze MT (1993) Interleukin-12 promotes
the proliferation and cytolytic maturation of immune effectors:
Implications for the immunotherapy of cancer. Journal of
immunotherapy with emphasis on tumor immunology : official journal of
the Society for Biological Therapy 14: 155-161.

12. Trinchieri G, Wysocka M, D'Andrea A, Rengaraju M, Aste-Amezaga M,
et al. (1992) Natural killer cell stimulatory factor (NKSF) or
interleukin-12 is a key regulator of immune response and inflammation.
Prog Growth Factor Res 4: 355-368.

13. Otani T, Nakamura S, Toki M, Motoda R, Kurimoto M, et al. (1999)
Identification of IFN-gamma-producing cells in IL-12/IL-18-treated
mice. Cell Immunol 198: 111-119.

14. Parihar R, Dierksheide J, Hu Y, Carson WE (2002) IL-12 enhances the
natural killer cell cytokine response to Ab-coated tumor cells. J Clin
Invest 110: 983-992.

15. Luedke E, Jaime-Ramirez AC, Bhave N, Roda J, Choudhary MM, et al.
(2012) Cetuximab therapy in head and neck cancer: Immune modulation
with interleukin-12 and other natural killer cell-activating cytokines.
Surgery 152: 431-440.

16. Yoshimoto T, Nagai N, Ohkusu K, Ueda H, Okamura H, et al. (1998)
LPS-stimulated SJL macrophages produce IL-12 and IL-18 that inhibit
IgE production in vitro by induction of IFN-gamma production from
CD3intIL-2R beta+ T cells. J Immunol 161: 1483-1492.

17. Oleksowicz L, Dutcher JP (1994) A Review of the New Cytokines: IL-4,
IL-6, IL-11, and IL-12. Am J Ther 1: 107-115.

18. Francipane MG, Alea MP, Lombardo Y, Todaro M, Medema JP, et al.
(2008) Crucial role of interleukin-4 in the survival of colon cancer stem
cells. Cancer Res 68: 4022-4025.

19. Di Stefano AB, Iovino F, Lombardo Y, Eterno V, Höger T, et al. (2010)
Survivin is regulated by interleukin-4 in colon cancer stem cells. J Cell
Physiol 225: 555-561.

20. Marshall JD, Secrist H, DeKruyff RH, Wolf SF, Umetsu DT (1995) IL-12
inhibits the production of IL-4 and IL-10 in allergen-specific human
CD4+ T lymphocytes. J Immunol 155: 111-117.

21. Han J, Zhao J, Xu J, Wen Y (2014) Mesenchymal stem cells genetically
modified by lentivirus-mediated interleukin-12 inhibit malignant ascites
in mice. Exp Ther Med 8: 1330-1334.

22. Tugues S, Burkhard SH, Ohs I, Vrohlings M, Nussbaum K, et al. (2015)
New insights into IL-12-mediated tumor suppression. Cell Death Differ
22: 237-246.

23. Medina-Echeverz J, Fioravanti J, Zabala M, Ardaiz N, Prieto J, et al.
(2011) Successful colon cancer eradication after chemoimmunotherapy is
associated with profound phenotypic change of intratumoral myeloid
cells. Journal of immunology 186: 807-815.

24. Takeda K, Tanaka T, Shi W, Matsumoto M, Minami M, et al. (1996)
Essential role of STAT6 in IL-4 signalling. Nature 380: 627-630.

25. Levings MK, Schrader JW (1999) IL-4 inhibits the production of TNF-
alpha and IL-12 by STAT6-dependent and -independent mechanisms. J
Immunol 162: 5224-5229.

 

Citation: Xiang L and Liang H (2016) Interleukin-12 Implication in Tumor Initiating Capacity of Colorectal Cancer Stem Cells. Chemo Open
Access 5: 209. doi:10.4172/2167-7700.1000209

Page 2 of 2

Chemo Open Access
ISSN:2167-7700 CMT, an Open Access Journal

Volume 5 • Issue 3 • 1000209

http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/26981245
http://www.ncbi.nlm.nih.gov/pubmed/26981245
http://www.ncbi.nlm.nih.gov/pubmed/26981245
http://www.ncbi.nlm.nih.gov/pubmed/26981245
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/9200435
http://www.ncbi.nlm.nih.gov/pubmed/9200435
http://www.ncbi.nlm.nih.gov/pubmed/9200435
http://www.ncbi.nlm.nih.gov/pubmed/9200435
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4151654/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4151654/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4151654/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/21148040
http://www.ncbi.nlm.nih.gov/pubmed/21148040
http://www.ncbi.nlm.nih.gov/pubmed/21148040
http://www.ncbi.nlm.nih.gov/pubmed/21148040
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/

	Contents
	Interleukin-12 Implication in Tumor Initiating Capacity of Colorectal Cancer Stem Cells
	Introduction
	References




