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Abstract

Characterization of cancer stem cell (CSC) markers provides potential
targets for CSC-direct therapy. However, the CSC phenotype varies
substantially among patients. Therefore, fast and accurate identification
of personalized CSC surface markers is critical determining the precision
of CSC-specific targeting. Mid-to high-throughput profiling real-time
PCR can simultaneously quantify the gene expression panel of hundreds
of CSC surface markers and CSC specific activated signal pathway
molecules with minimal samples. Through detecting CSC markers of
circulating tumor cells, the PCR assay can lead to early diagnosis of
tumors, evaluation of tumor treatment effects, and monitor of tumor
recurrence.
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Abbreviations: CSC: cancer stem cell, ALDH: aldehyde
dehydrogenase, FCM: flow cytometry, IHC: immunohistochemistry, WB:
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Introduction

Cancer stem cells have drowned fast attention as a small population
of cancer cells that are responsible for tumor onset; resistance to radio-
and chemotherapies; cancer relapse; metastasis and evasion from
host immune surveillance [1-3]. Cancer stem cells have been isolated
and characterized from hematological and multiple solid tumors
including cancers of the lungs, liver, pancreas, colon, brain, head-and-
neck, breast and, ovaries, gastric, as well as skin cancer melanoma
[4-8]. To improve the current therapeutic efficacy of cancer, initial
therapeutic treatments against a primary tumor require a focus on how
to recognize and eliminate cancer stem cells to prevent the primary
tumor from recurrence and metastasis, thus increasing the survival. To
target cancer stem cells within the bulk of a tumor, identification of the
surface markers of cancer stem cells is critical. In the last decade or so,
certain distinct cancer stem cell markers have been identified (Table
1). Cancer stem cell marker expression can predict cancer prognosis
and recurrence following conventional anti-tumor therapy, because
cancer stem cell-related gene expression or protein signatures reflect
the abundance and nature of cancer stem cells in patient tumor tissues,
thus reflecting biology, behaver as well as the outcome of the tumor in
response to therapy [9,10]. More importantly, characterization of cancer
stem cell markers will provide potential target for cancer stem cell-direct
therapy, particularly cancer stem cell-targeted cancer immunotherapy,
as these cancer stem cell markers may serve as or be used as antigen/
immunogen to develop anti-cancer stem cell host immunity.
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Table 1: Cancer stem cell markers [1,2,9,10,31-33].

Head and neck CD44'CD24*, CD44v3"eh or ALDHPMieh
Gastric CD44*
Lung CD44°CD90", CD133", or ALDH"¢"
Breast CD44°CD24", or ALDH"¢"
Pancreatic CD44'CD24"ESA*, CD133",
Prostate CD44*a2ﬁlh‘ghCDl 33* or ALDH"&"
Colorectal CD44'EpCAM"e" CD133", or ALDH"i¢h
Bladder CD44*CK5°CK20-, SP
Ovarian CD44*CD117*, CD133*
Liver CD44°CD90", CD133", or ALDH"¢"
Acute myeloid leukemia CD34°CD38"
Brain CD133*
Melanoma CD133*, ABCB5*, or ALDH"¢

We identified and characterized cancer stem cell-
enriched populations in both human and animal cancers,
using aldehyde dehydrogenase (ALDH) as a marker. High
levels of aldehyde dehydrogenase (ALDHMé") activity has
been successfully used as a reliable single marker to isolate
cancer stem cell-enriched populations in breast cancers
and a variety of other human tumors, as well as in murine
cancers [11-24]. High ALDH activity has been associated with
development of metastasis, resistance to chemotherapies,
and poor prognosis in human breast cancer [14,25-27].
We have shown that ALDHM¢" identifies tumor initiating
populations and demonstrated the antitumor efficacy of
ALDH"e" cancer stem cell lysate-pulsed DC vaccines in
tumor protection models as well as established tumors after
radiation therapy [24,28]. We also examined head and neck
squamous cell carcinomas (HNSCC) for the antigenicity/
immunogenicity of ALDHMs" HNSCC cancer stem cells vs.
that of ALDH"" HNSCC non- cancer stem cells [29]. Anti-
PD-L1 significantly augmented the therapeutic efficacy of
ALDH"e" HNSCC cancer stem cell vaccine in the adjuvant
setting after tumor resection [30]. Our previously reported
methodology for generating cancer stem cell vaccines relies
on isolating ALDH"#&" cancer stem cells from bulk tumor. This
limits the clinical application of this approach. To develop
“off-the-shelf” cancer stem cell vaccines for cancer patients,
identification and use of cancer stem cell antigenic markers
in the form of peptides would be advantageous.

Up to date, many ingenious approaches have been tested
to target cancer stem cells for therapeutic purposes based
on targeting cancer stem cell markers, including antibodies
[34-36], CAR-T [37-40], CRISPR/Cas9 genome editing [41],
nanoparticle-mediated strategies [42,43], and oncolytic
viruses [2,44,45]. However, the cancer stem cell phenotype
can vary substantially among patients who suffer from the
same type of cancer [33]. Cancer stem cell surface markers
expressed on tumor cells of the same patient at different
period or even in the same cancer tissue are heterogeneous
[32]. In this field, there is a huge demand for simultaneous,
fast, accurate identification and recognition of cancer stem
cell surface markers.

Several approaches have been applied to identify and
recognize stem cell marker expressions, such as flow
cytometry (FCM), immunohistochemistry (IHC), western
blot (WB), etc. Unfortunately, these methods are limited to

monitoring the expression intensity and activation status of
certain cancer stem cell markers. For cancer stem cell-specific
targeting, there is an urgent demand for simultaneous, fast,
and accurate identification method to recognize the cancer
stem cell markers as well as downstream proteins and
the amplification of the relevant genes. PCR is an effective
tool for nucleic acid detection, and it has been widely used
in both basic research and clinical diagnostics for tumor
genetic analysis. While conventional multiplex PCR is
potentially a feasible method to achieve this goal by using
multiple pairs of primers designed to detect different genes,
the reactions take place in reaction tubes, thus limiting the
number of genes which can be tested with limited samples.
To present a simple and efficient platform to overcome
the drawbacks of conventional multiplex PCR, mid-to
high- throughput profiling real-time PCR amplification can
simultaneously quantify hundreds of gene expression with
minimal samples, performed through gene signature plates.
Gene signature plates are 96- or 384- well plates that are
pre-configured with hundreds of PCR primers. The cross
action and competition among different primers result in
the uneven amplification efficiency of each target gene. Each
plate contains pre-defined assays and endogenous controls
dried-down in the wells, ready for accurate assessment of
hundreds of gene signatures in one simple experiment.

Therefore, due to its reliability, feasibility, high-
throughput capacity, and simplicity, mid-to high-throughput
profiling real-time PCR was used to quantify the gene
expression levels of hundreds of cancer stem cell surface
markers and cancer stem cell specific activated signal
pathway molecules. According to the expression panel of
different cancer stem cell surface markers, the dominant
cancer stem cell surface marker population can be selected.
Therapy targeting mono-dominant cancer stem cell marker
or multiple high expression markers could then become
useful for personalized therapy.

The amount of sample required for each mid-to high-
throughput profiling real-time PCR assay is minimal, which
is applicable for the testing of rare clinical and laboratory
samples. For example, collecting circulating tumor cells
and analyzing the stem cell phenotype of circulating tumor
cells using mid-to high-throughput profiling real-time
PCR can lead to early diagnosis of tumors; evaluation of
tumor treatment effects; monitoring of tumor recurrence,
and determination of the phenotype differences between
residual or recurrent cancer stem cells and primary cancer
stem cells. Together, these would provide valuable data
for choosing individualized cancer stem cell markers for
targeting.

When mid-to high-throughput profiling real-time PCR
is performed to detect cancer stem cell markers, different
potential cancer stem cell populations can be collected
based on the cancer stem cell markers detected. The ability
of proliferation, invasion, tumorigenicity can be evaluated
between different potential cancer stem cell populations.
In this way, we can identify dominant cancer stem cell
populations, which will be very valuable for personalized
cancer stem cell-targeted therapy (Figure 1).
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Figure 1: Application aspects of mid-to high-throughput profiling real-time
PCR assays.

In summary, mid-to high-throughput profiling real-time
PCR assays may generate high-quality data for a broad range
of studies, providing over millions of pre-designed primer/
probe sets for a specific biological process, covering multiple
species. Due to its high-throughput capacity, reliability,
versatile functions, and simplicity, mid-to high-throughput
profiling real-time PCR applied for testing and identification
of cancer stem cell markers and their biological activities
is promising and may find valuable usages in both basic
research and clinical studies.

Acknowledgment

This work was supported in part by NIH grant RO1
CA210273 and the Gillson Longenbaugh Foundation.

References

1. PlaksV,KongN, Werb Z (2015) The cancer stem cell niche: how essential
is the niche in regulating stemness of tumor cells? Cell Stem Cell 16: 225-
238.

2. Marquardt S, Solanki M, Spitschak A, Vera ], Putzer BM (2018) Emerging
functional markers for cancer stem cell-based therapies: Understanding
signaling networks for targeting metastasis. Semin Cancer Biol.

3. Singh A and Settleman ] (2010) EMT, cancer stem cells and drug
resistance: an emerging axis of evil in the war on cancer. Oncogene 29:
4741-4751.

4. Clevers H (2011) The cancer stem cell: premises, promises and
challenges. Nat Med 17: 313-319.

5. Kim JY, Lee HY, Park KK, Choi YK, Nam ]S, et al. (2016) CWP232228
targets liver cancer stem cells through Wnt/beta-catenin signaling: a
novel therapeutic approach for liver cancer treatment. Oncotarget 7:
20395-204009.

6. FuH, Yang H, Zhang X, Wang B, Mao J, et al. (2018) Exosomal TRIM3 is
a novel marker and therapy target for gastric cancer. ] Exp Clin Cancer
Res 37:162.

7. Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ, Clarke MF (2003)
Prospective identification of tumorigenic breast cancer cells. Proc Natl
Acad Sci U S A 100: 3983-3988.

8. Schatton T, Murphy GF, Frank NY, Yamaura K, Waaga-Gasser AM, et al.
(2008) Identification of cells initiating human melanomas. Nature 451:
345-349.

9. Krause M, Dubrovska A, Linge A, Baumann M (2017) Cancer stem
cells: Radioresistance, prediction of radiotherapy outcome and specific
targets for combined treatments. Adv Drug Deliv Rev 109: 63-73.

10.Peitzsch C, Tyutyunnykova A, Pantel K, Dubrovska A (2017) Cancer stem
cells: The root of tumor recurrence and metastases. Semin Cancer Biol
44:10-24.

11.Ginestier C, Hur MH, Charafe-Jauffret E, Monville F, Dutcher ], et al.
(2007) ALDH1 is a marker of normal and malignant human mammary
stem cells and a predictor of poor clinical outcome. Cell Stem Cell 1: 555-
567.

12.Visus C,WangY, Lozano-Leon A, Ferris RL, Silver S, etal. (2011) Targeting
ALDH (bright) human carcinoma-initiating cells with ALDH1A1-specific
CD8(+) T cells. Clin Cancer Res 17: 6174-6184.

13.Charafe-Jauffret E, Ginestier C, Iovino F, Wicinski ], Cervera N, et al.
(2009) Breast cancer cell lines contain functional cancer stem cells with
metastatic capacity and a distinct molecular signature. Cancer Res 69:
1302-1313.

14.Charafe-Jauffret E, Ginestier C, lovino F, Tarpin C, Diebel M, et al.
(2010) Aldehyde dehydrogenase 1-positive cancer stem cells mediate
metastasis and poor clinical outcome in inflammatory breast cancer.
Clin Cancer Res 16: 45-55.

15.DengS$, Yang X, Lassus H, Liang S, Kaur S, et al. (2010) Distinct expression
levels and patterns of stem cell marker, aldehyde dehydrogenase
isoform 1 (ALDH1), in human epithelial cancers. PLoS One 5: e10277.

16.Huang EH, Hynes M], Zhang T, Ginestier C, Dontu G, et al. (2009)
Aldehyde dehydrogenase 1 is a marker for normal and malignant human
colonic stem cells (SC) and tracks SC overpopulation during colon
tumorigenesis. Cancer Res 69: 3382-3389.

17.Carpentino JE, Hynes MJ, Appelman HD, Zheng T, Steindler DA, et al.
(2009) Aldehyde dehydrogenase-expressing colon stem cells contribute
to tumorigenesis in the transition from colitis to cancer. Cancer Res 69:
8208-8215.

18.Clay MR, Tabor M, Owen JH, Carey TE, Bradford CR, et al. (2010) Single-
marker identification of head and neck squamous cell carcinoma cancer
stem cells with aldehyde dehydrogenase. Head Neck 32: 1195-1201.

19.Boonyaratanakornkit JB, Yue L, Strachan LR, Scalapino K], LeBoit PE, et
al. (2010) Selection of tumorigenic melanoma cells using ALDH. ] Invest
Dermatol 130: 2799-2808.

20.van den Hoogen C, van der Horst G, Cheung H, Buijs JT, Lippitt JM, et al.
(2010) High aldehyde dehydrogenase activity identifies tumor-initiating
and metastasis-initiating cells in human prostate cancer. Cancer Res 70:
5163-5173.

21.Matsui W, Huff CA, Wang Q, Malehorn MT, Barber ], et al. (2004)
Characterization of clonogenic multiple myeloma cells. Blood 103:
2332-2336.

22.Pearce DJ, Taussig D, Simpson C, Allen K, Rohatiner AZ, et al. (2005)
Characterization of cells with a high aldehyde dehydrogenase activity
from cord blood and acute myeloid leukemia samples. Stem Cells 23:
752-760.

23.Awad O, Yustein JT, Shah P, Gul N, Katuri V, et al. (2010) High ALDH
activity identifies chemotherapy-resistant Ewing’s sarcoma stem cells
that retain sensitivity to EWS-FLI1 inhibition. PLoS One 5: e13943.

24.Ning N, Pan Q, Zheng F, Teitz-Tennenbaum S, Egenti M, et al. (2012)
Cancer stem cell vaccination confers significant antitumor immunity.
Cancer Res 72: 1853-1864.

25.Tanei T, Morimoto K, Shimazu K, Kim SJ, Tanji Y, et al. (2009) Association
of breast cancer stem cells identified by aldehyde dehydrogenase 1
expression with resistance to sequential Paclitaxel and epirubicin-based
chemotherapy for breast cancers. Clin Cancer Res 15: 4234-4241.

26.Marcato P, Dean CA, Pan D, Araslanova R, Gillis M, et al. (2011) Aldehyde
dehydrogenase activity of breast cancer stem cells is primarily due to
isoform ALDH1A3 and its expression is predictive of metastasis. Stem
Cells 29: 32-45.

27.Kim MP, Fleming ]B, Wang H, Abbruzzese JL, Choi W, et al. (2011) ALDH
activity selectively defines an enhanced tumor-initiating cell population
relative to CD133 expression in human pancreatic adenocarcinoma.
PLoS One 6: €20636.

28.Lu L, Tao H, Chang AE, Hu Y, Shu G, et al. (2015) Cancer stem cell vaccine
inhibits metastases of primary tumors and induces humoral immune
responses against cancer stem cells. Oncoimmunology 4: €990767.

Int J Cancer Tremnt 2018


https://www.sciencedirect.com/science/article/pii/S1934590915000715
https://www.sciencedirect.com/science/article/pii/S1934590915000715
https://www.sciencedirect.com/science/article/pii/S1934590915000715
https://www.sciencedirect.com/science/article/pii/S1044579X1830018X
https://www.sciencedirect.com/science/article/pii/S1044579X1830018X
https://www.sciencedirect.com/science/article/pii/S1044579X1830018X
https://www.nature.com/articles/onc2010215
https://www.nature.com/articles/onc2010215
https://www.nature.com/articles/onc2010215
https://www.nature.com/articles/nm.2304
https://www.nature.com/articles/nm.2304
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=7954&path%5b%5d=23335
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=7954&path%5b%5d=23335
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=7954&path%5b%5d=23335
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=7954&path%5b%5d=23335
https://jeccr.biomedcentral.com/articles/10.1186/s13046-018-0825-0
https://jeccr.biomedcentral.com/articles/10.1186/s13046-018-0825-0
https://jeccr.biomedcentral.com/articles/10.1186/s13046-018-0825-0
http://www.pnas.org/content/100/7/3983.short
http://www.pnas.org/content/100/7/3983.short
https://www.nature.com/articles/nature06489
https://www.nature.com/articles/nature06489
https://www.sciencedirect.com/science/article/pii/S0169409X16300527
https://www.sciencedirect.com/science/article/pii/S0169409X16300527
https://www.sciencedirect.com/science/article/pii/S0169409X16300527
https://www.sciencedirect.com/science/article/pii/S1044579X17300317
https://www.sciencedirect.com/science/article/pii/S1044579X17300317
https://www.sciencedirect.com/science/article/pii/S1044579X17300317
https://www.sciencedirect.com/science/article/pii/S1934590907001336
https://www.sciencedirect.com/science/article/pii/S1934590907001336
https://www.sciencedirect.com/science/article/pii/S1934590907001336
http://clincancerres.aacrjournals.org/content/early/2011/08/19/1078-0432.CCR-11-1111
http://clincancerres.aacrjournals.org/content/early/2011/08/19/1078-0432.CCR-11-1111
http://clincancerres.aacrjournals.org/content/early/2011/08/19/1078-0432.CCR-11-1111
http://cancerres.aacrjournals.org/content/69/4/1302.short
http://cancerres.aacrjournals.org/content/69/4/1302.short
http://cancerres.aacrjournals.org/content/69/4/1302.short
http://clincancerres.aacrjournals.org/content/early/2009/12/15/1078-0432.CCR-09-1630
http://clincancerres.aacrjournals.org/content/early/2009/12/15/1078-0432.CCR-09-1630
http://clincancerres.aacrjournals.org/content/early/2009/12/15/1078-0432.CCR-09-1630
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010277
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010277
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010277
http://cancerres.aacrjournals.org/content/69/8/3382.short
http://cancerres.aacrjournals.org/content/69/8/3382.short
http://cancerres.aacrjournals.org/content/69/8/3382.short
http://cancerres.aacrjournals.org/content/69/20/8208.short
http://cancerres.aacrjournals.org/content/69/20/8208.short
http://cancerres.aacrjournals.org/content/69/20/8208.short
https://onlinelibrary.wiley.com/doi/full/10.1002/hed.21315
https://onlinelibrary.wiley.com/doi/full/10.1002/hed.21315
https://onlinelibrary.wiley.com/doi/full/10.1002/hed.21315
https://www.sciencedirect.com/science/article/pii/S0022202X15346480
https://www.sciencedirect.com/science/article/pii/S0022202X15346480
http://cancerres.aacrjournals.org/content/early/2010/06/01/0008-5472.CAN-09-3806.short
http://cancerres.aacrjournals.org/content/early/2010/06/01/0008-5472.CAN-09-3806.short
http://cancerres.aacrjournals.org/content/early/2010/06/01/0008-5472.CAN-09-3806.short
http://www.bloodjournal.org/content/103/6/2332?sso-checked=true
http://www.bloodjournal.org/content/103/6/2332?sso-checked=true
https://stemcellsjournals.onlinelibrary.wiley.com/doi/abs/10.1634/stemcells.2004-0292
https://stemcellsjournals.onlinelibrary.wiley.com/doi/abs/10.1634/stemcells.2004-0292
https://stemcellsjournals.onlinelibrary.wiley.com/doi/abs/10.1634/stemcells.2004-0292
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013943
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013943
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013943
http://cancerres.aacrjournals.org/content/72/7/1853.short
http://cancerres.aacrjournals.org/content/72/7/1853.short
http://clincancerres.aacrjournals.org/content/15/12/4234.short
http://clincancerres.aacrjournals.org/content/15/12/4234.short
http://clincancerres.aacrjournals.org/content/15/12/4234.short
http://clincancerres.aacrjournals.org/content/15/12/4234.short
https://stemcellsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/stem.563
https://stemcellsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/stem.563
https://stemcellsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/stem.563
https://stemcellsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/stem.563
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0020636
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0020636
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0020636
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0020636
https://www.tandfonline.com/doi/abs/10.4161/2162402X.2014.990767
https://www.tandfonline.com/doi/abs/10.4161/2162402X.2014.990767
https://www.tandfonline.com/doi/abs/10.4161/2162402X.2014.990767

www.innovationinfo.org

29.Prince MEP, Zhou L, Moyer JS, Tao H, Lu L, et al. (2016) Evaluation of the
immunogenicity of ALDH (high) human head and neck squamous cell
carcinoma cancer stem cells in vitro. Oral Oncol 59: 30-42.

30.HuY, Lu L, Xia Y, Chen X, Chang AE, et al. (2016) Therapeutic Efficacy of
Cancer Stem Cell Vaccines in the Adjuvant Setting. Cancer Res 76: 4661-
4672.

31.Dawood S, Austin L, Cristofanilli M (2014) Cancer stem cells: implications
for cancer therapy. Oncology (Williston Park) 28: 1101-1107.

32.Kim WT and Ryu CJ (2017) Cancer stem cell surface markers on normal
stem cells. BMB Rep 50: 285-298.

33.Wang T, Shigdar S, Gantier MP, Hou Y, Wang L, et al. (2015) Cancer
stem cell targeted therapy: progress amid controversies. Oncotarget 6:
44191-44206.

34.Ghosh SC, Neslihan Alpay S, Klostergaard ] (2012) CD44: a validated
target for improved delivery of cancer therapeutics. Expert Opin Ther
Targets 16: 635-650.

35.Waldron NN, Kaufman DS, Oh S, Inde Z, Hexum MK, et al. (2011)
Targeting tumor-initiating cancer cells with dCD133KDEL shows
impressive tumor reductions in a xenotransplant model of human head
and neck cancer. Mol Cancer Ther 10: 1829-1838.

36.Skubitz AP, Taras EP, Boylan KL, Waldron NN, Oh S, et al. (2013)
Targeting CD133 in an in vivo ovarian cancer model reduces ovarian
cancer progression. Gynecol Oncol 130: 579-587.

37.Fesnak AD, June CH, Levine BL (2016) Engineered T cells: the promise
and challenges of cancer immunotherapy. Nat Rev Cancer 16: 566-581.

38.Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, et al. (2014) Chimeric
antigen receptor T cells for sustained remissions in leukemia. N Engl |
Med 371: 1507-1517.

39.Ahmed N, Salsman VS, Kew Y, Shaffer D, Powell S, et al. (2010) HER2-
specific T cells target primary glioblastoma stem cells and induce
regression of autologous experimental tumors. Clin Cancer Res 16: 474-
485.

40.Zhu X, Prasad S, Gaedicke S, Hettich M, Firat E, et al. (2015) Patient-
derived glioblastoma stem cells are killed by CD133-specific CAR T cells
but induce the T cell aging marker CD57. Oncotarget 6: 171-184.

41.Cortina C, Turon G, Stork D, Hernando-Momblona X, Sevillano M, et al.
(2017) A genome editing approach to study cancer stem cells in human
tumors. EMBO Mol Med 9: 869-879.

42.Yallapu MM, Maher DM, Sundram V, Bell MC, Jaggi M, et al. (2010)
Curcumin induces chemo/radio-sensitization in ovarian cancer cells and
curcumin nanoparticles inhibit ovarian cancer cell growth. ] Ovarian Res
3:11.

43.Meng H, Zhao Y, Dong ], Xue M, Lin YS, et al. (2013) Two-wave
nanotherapy to target the stroma and optimize gemcitabine delivery to
a human pancreatic cancer model in mice. ACS Nano 7: 10048-10065.

44 Bauerschmitz GJ, Ranki T, Kangasniemi L, Ribacka C, Eriksson M, et al.
(2008) Tissue-specific promoters active in CD44+CD24-/low breast
cancer cells. Cancer Res 68: 5533-5539.

45.1llingworth S, Di Y, Bauzon M, Lei ], Duffy MR, et al. (2017) Preclinical
Safety Studies of Enadenotucirev, a Chimeric Group B Human-Specific
Oncolytic Adenovirus. Mol Ther Oncolytics 5: 62-74.

Citation: Li Q, Wen L, Wicha M, Chang AE, Moon JJ (2018) Detecting Cancer Stem Cell Markers Via Mid-to High- Throughput Profiling Real-time PCR. Int J

Cancer Tremnt. Vol: 1, Issu: 1 (16-19).

Int J Cancer Tremnt 2018


https://www.sciencedirect.com/science/article/pii/S1368837516300598
https://www.sciencedirect.com/science/article/pii/S1368837516300598
https://www.sciencedirect.com/science/article/pii/S1368837516300598
http://cancerres.aacrjournals.org/content/early/2016/06/18/0008-5472.CAN-15-2664.short
http://cancerres.aacrjournals.org/content/early/2016/06/18/0008-5472.CAN-15-2664.short
http://cancerres.aacrjournals.org/content/early/2016/06/18/0008-5472.CAN-15-2664.short
http://www.cancernetwork.com/oncology-journal/cancer-stem-cells-implications-cancer-therapy/page/0/1
http://www.cancernetwork.com/oncology-journal/cancer-stem-cells-implications-cancer-therapy/page/0/1
https://europepmc.org/abstract/pmc/pmc5498139
https://europepmc.org/abstract/pmc/pmc5498139
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5B%5D=6176
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5B%5D=6176
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5B%5D=6176
https://www.tandfonline.com/doi/abs/10.1517/14728222.2012.687374
https://www.tandfonline.com/doi/abs/10.1517/14728222.2012.687374
https://www.tandfonline.com/doi/abs/10.1517/14728222.2012.687374
http://mct.aacrjournals.org/content/early/2011/08/23/1535-7163.MCT-11-0206.short
http://mct.aacrjournals.org/content/early/2011/08/23/1535-7163.MCT-11-0206.short
http://mct.aacrjournals.org/content/early/2011/08/23/1535-7163.MCT-11-0206.short
https://www.sciencedirect.com/science/article/pii/S0090825813007609
https://www.sciencedirect.com/science/article/pii/S0090825813007609
https://www.nature.com/articles/nrc.2016.97
https://www.nature.com/articles/nrc.2016.97
https://www.nejm.org/doi/full/10.1056/NEJMoa1407222
https://www.nejm.org/doi/full/10.1056/NEJMoa1407222
https://www.nejm.org/doi/full/10.1056/NEJMoa1407222
http://clincancerres.aacrjournals.org/content/early/2010/01/10/1078-0432.CCR-09-1322
http://clincancerres.aacrjournals.org/content/early/2010/01/10/1078-0432.CCR-09-1322
http://clincancerres.aacrjournals.org/content/early/2010/01/10/1078-0432.CCR-09-1322
http://clincancerres.aacrjournals.org/content/early/2010/01/10/1078-0432.CCR-09-1322
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=2767&path%5b%5d=5216
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=2767&path%5b%5d=5216
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=2767&path%5b%5d=5216
http://embomolmed.embopress.org/content/early/2017/05/02/emmm.201707550
http://embomolmed.embopress.org/content/early/2017/05/02/emmm.201707550
https://ovarianresearch.biomedcentral.com/articles/10.1186/1757-2215-3-11
https://ovarianresearch.biomedcentral.com/articles/10.1186/1757-2215-3-11
https://ovarianresearch.biomedcentral.com/articles/10.1186/1757-2215-3-11
https://pubs.acs.org/doi/abs/10.1021/nn404083m
https://pubs.acs.org/doi/abs/10.1021/nn404083m
https://pubs.acs.org/doi/abs/10.1021/nn404083m
http://cancerres.aacrjournals.org/content/68/14/5533.short
http://cancerres.aacrjournals.org/content/68/14/5533.short
https://www.sciencedirect.com/science/article/pii/S2372770517300177
https://www.sciencedirect.com/science/article/pii/S2372770517300177
https://www.sciencedirect.com/science/article/pii/S2372770517300177

	Title
	Article Information

