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ABSTRACT

Recent reports suggest that colorectal carcinoma (CRC) may be sustained by
a small subpopulation of cells, termed cancer stem cells (CSCs), which have drug
resistance properties as a key reason for chemotherapy failure. The epidermal growth
factor receptor (EGFR) controls CRC initiation and progression. Monoclonal antibody
against EGFR (cetuximab) has been used in treatment of several cancers. However,
the effects of cetuximab on CSCs in the CRC chemotherapy remain unclear. Here, we
studied the effects of cetuximab on the CSC-like cells in Fluorouracil (5-FU)-treated
CRC cells. CSC-like cells were independently isolated from CRC cells using CD133,
CD44 or EphB2-high as markers and confirmed by tumor sphere formation assay. We
found that 5-FU increased the apoptotic death of CSC-like CRC cells. Co-application of
cetuximab augmented the apoptotic death of CSC-like CRC cells by 5-FU, seemingly
through inhibition of 5-FU-induced increases in cell autophagy in CSC-like CRC cells.
Together, our data suggest that EGFR monoclonal antibody may sensitize CSC-like

CRC cells to 5-FU-induced apoptosis by affecting autophagy.

INTRODUCTION

Colorectal carcinoma (CRC) is the third common
cancer in humans [1-3]. Although the primary CRC are
highly curable, some CRC may migrate to distal tissues,
resulting in poor prognosis [4]. Recent reports suggest that
CRC may be sustained by specific cells called cancer stem
cells (CSCs). CRCs have potential innate drug resistance
properties, leading to chemotherapy failure [4]. Moreover,
CSCs are supposed to be responsible for the majority of
the cancer invasiveness and metastases, which highlights
the significance of treating CSCs rather than the complete
cancer mass during cancer therapy [4].

CSCs are highly tumorigenic, and often play critical
roles in cancer relapse and metastases [5—8]. Hence,
treatments targeting CSCs may substantially improve the
therapy [5—8]. Cell surface markers are pretty critical for
isolating CSCs using a cell biology technology called flow
cytometry. Importantly, although many cancers share same
CSC markers, some CSC markers appear to be cancer-
specific. In CRC, the best established ones are prominin-1
(CD133) [9-11], CD44 [12-14], and EphB2 [15-17].

However, the current identification of CRCs in CRC is
not satisfactory [18-24].

Autophagy is a catabolic pathway for degradation
and recycling of the cellular compartments for cell survival
at harsh environments, using regularly by cancer cells to
improve survival against chemotherapy [25-27]. During
autophagy, a cytosolic form of microtubule-associated
protein 1A/1B-light chain 3 (LC3-I) conjugates to form
LC3-phosphatidylethanolamine conjugate (LC3-II), as a
feature of autophagic activities [25-27]. Among all proteins
that regulate autophagy, autophagy-associated protein 6
(ATG6, or Beclin-1) plays a pivotal role [28].

The epidermal growth factor receptor (EGFR)
signaling pathway is involved in the initiation and
progression of CRC [29-32]. Cetuximab is a FDA-
approved EGFR chemeric human-murine monoclonal
antibody against EGFR (cetuximab). However, the effects
of cetuximab on CSCs in the chemotherapy of CRC
remain unclear.

Here, we studied the effects of cetuximab on the
CSC-like cells in Fluorouracil (5-FU)-treated CRC cells.
CSC-like cells were independently isolated from CRC
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cells using CD133, CD44 or EphB2-high as markers and
the features of these cells as CSC-like cells were proven
by tumor sphere formation assay. We found that 5-FU
increased the apoptotic death of CSC-like CRC cells, in
an CCK-8 assay and an apoptotic assay. Co-application
of cetuximab augmented the apoptotic death of CSC-like
CRC cells by 5-FU, seemingly through inhibition of 5-FU-
induced increases in cell autophagy in CSC-like CRC
cells. Together, our data suggest that EGFR monoclonal
antibody may sensitize CSC-like CRC cells to 5-FU-
induced apoptosis by affecting autophagy.

RESULTS

CD133-positive cells are enriched with CSCs in
CRC

In order to examine the effects of cetuximab
on the CSC population of CRC cells treated with
chemotherapeutic drugs (e.g. 5-FU), we isolated CSC-like
cells from CRC cell lines using different CSC markers,
CD133, CD44 and EphB2, independently. We chose
two CRC cell lines, HT-29 and SW480, in our study.
HT-29 cells express low levels of EGFR, and has wild-
type KRAS. On the other hand, SW480 express high
levels of EGFR, and has mutated KRAS [37]. Hence,
these two lines are very good representatives in analyzing
the effects of cetuximab on the CSC population of CRC
cells treated with 5-FU.

First, we isolated CD133+ cells vs CD133— cells
from either HT-29 cells (Figure 1A), or SW480 cells
(Figure 1B). To confirm that CD133+ cells may be
enriched for CSCs, we performed tumor sphere formation
assay. We found that CD133+ cells formed significantly
more spheres than CD133— cells, in either HT-29 cells
(Figure 1C), or SW480 cells (Figure 1D). Quantification
was shown in Figure 1E. Hence, CD133-positive cells are
enriched with CSCs in CRC.

CD44-positive cells are enriched with CSCs in
CRC

Then, we isolated CD44+ cells vs CD44— cells
from either HT-29 cells (Figure 2A), or SW480 cells
(Figure 2B). To confirm that CD44+ cells may be
enriched for CSCs, we performed tumor sphere formation
assay. We found that CD44+ cells formed significantly
more spheres than CD44— cells, in either HT-29 cells
(Figure 2C), or SW480 cells (Figure 2D). Quantification
was shown in Figure 2E. Hence, CD44-positive cells are
enriched with CSCs in CRC.

EphB2-high cells are enriched with CSCs in CRC

Finally, we isolated EphB2-high cells vs EphB2-
low cells from either HT-29 cells (Figure 3A), or SW480

cells (Figure 3B). To confirm that EphB2-high cells may be
enriched for CSCs, we performed tumor sphere formation
assay. We found that EphB2-high cells formed significantly
more spheres than EphB2-low cells, in either HT-29 cells
(Figure 3C), or SW480 cells (Figure 3D). Quantification
was shown in Figure 3E. Hence, EphB2-high cells are
enriched with CSCs in CRC. Thus, these enriched CSC-
populations (CD133+; CD44+; EphB2-high) were
independently used for analyzing the effects of cetuximab
on the CSC population of CRC cells treated with 5-FU.

EGFR inhibition increases 5-FU-induced
apoptotic death in CSC-like CRC cells

Cultured CD133+ HT-29 cells, or SW480 cells were
treated with/without 5-FU. Moreover, the 5-FU-treated
cells were also treated with cetuximab, or control IgG.
After 24 hours, the cells were analyzed. We found that
5-FU significantly reduced the cell viability of CD133+
CRC cells, in an CCK-8 assay (Figure 4A), seemingly
by increasing the apoptotic cell death (Figure 4B—4C).
Co-application of cetuximab augmented the apoptotic
death of CD133+ CRC cells by 5-FU (Figure 1A—1C). We
got similar results, using CD44+ or EphB2 cells in this
study (not shown). Thus, EGFR inhibition increases 5-FU-
induced apoptotic death in CSC-like CRC cells.

EGFR inhibition reduces 5-FU-induced cell
autophagy in CSC-like CRC cells

Since autophagy and apoptosis are closely related
and may affect each other at molecular level, we thus
examined whether EGFR inhibition may alter cell
autophagy in 5-FU-treated CSC-like CRC cells. LCII vs
LC I levels are a golden standard for evaluating cellular
autophagy activity. We found that 5-FU induced cell
autophagy in CD133+ CRC cells, which was significantly
attenuated by cetuximab (Figure 5SA—5B). Similar results
were obtained when we used either CD44+ cells, or
EphB2-high cells (Figure 5SC-5F). Thus, 5-FU may not
only induce apoptotic cell death of CSC-likes in CRC,
but also induce cell autophagy to contradict apoptotic
cell death to allow some cells to survive the treatment.
However, cetuximab may inhibit the autophagy to increase
the sensitivity of CSC-like CRC cells to chemotherapy
(Figure 6).

DISCUSSION

CSCs are characterized by their drug resistance
properties. Treatments targeting CSCs thus could improve
the therapeutic outcome of rapidly growing cancers and
highly metastatic cancers [5-8].

In the current study, we showed that 5-FU treated
CRC cells underwent apoptotic cell death. However, the
effects of 5-FU on CRC cells could be augmented by co-
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treatment of the CRC cells with cetuximab, which has SW480 has mutated KRAS while HT29 has wild-type

been widely used in treating malignant cancer in clinic. KRAS. Those cell lines thus represent CRC cells with or
Here, we examined two CRC cell lines, among which without mutated KRAS. Since mutated KRAS is resistant
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Figure 1: CD133-positive cells are enriched with CSCs in CRC. (A-B) We isolated CD133+ cells vs CD133~ cells from either
HT-29 cells (A), or SW480 cells (B). (C—E) To confirm that CD133+ cells may be enriched for CSCs, we performed tumor sphere formation
assay, shown by representative images in either HT-29 cells (C), or SW480 cells (D), and by quantification (E). *p <0.05. N= 5. Scale bars
are 50 pm.
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Figure 2: CCD44-positive cells are enriched with CSCs in CRC. (A-B) We isolated CD44+ cells vs CD44— cells from either
HT-29 cells (A), or SW480 cells (B). (C) To confirm that CD44+ cells may be enriched for CSCs, we performed tumor sphere formation
assay, shown by representative images in either HT-29 cells (C), or SW480 cells (D) and by quantification (E). *p <0.05. N =5. Scale bars
are 50 pm.
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Figure 3: EphB2-high cells are enriched with CSCs in CRC. (A-B) We isolated EphB2-high cells vs EphB2-low cells from
either HT-29 cells (A), or SW480 cells (B). (C) To confirm that EphB2-high cells may be enriched for CSCs, we performed tumor sphere
formation assay, shown by representative images in either HT-29 cells (C), or SW480 cells (D) and by quantification (E). *p < 0.05.
N=5. Scale bars are 50 pm.
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Figure 4: EGFR inhibition increases 5-FU-induced apoptotic death in CSC-like CRC cells. (A—C) Cultured CD133+ HT-29
cells, or SW480 cells were treated with/without 5-FU. Moreover, the 5-FU-treated cells were also treated with cetuximab, or control IgG.
After 24 hours, the cells were analyzed. (A) CCK-8 assay. (B—C) The apoptosis assay, shown by representative flow charts (B), and by
quantification (C). *p < 0.05. NS: non-significant. N = 5.
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Figure 5: EGFR inhibition reduces 5-FU-induced cell autophagy in CSC-like CRC cells. (A-B) LCII vs LC I levels of
CD133+ CRC cells were analyzed by Western blot, shown by representative blots (A), and by quantification (B). (C—D) LCII vs LC I levels
of CD44+ CRC cells were analyzed by Western blot, shown by representative blots (C), and by quantification (D). (E-F) LCII vs LC I
levels of EphB2-high CRC cells were analyzed by Western blot, shown by representative blots (E), and by quantification (F). *p < 0.05.
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Figure 6: Schematic of the model. 5-FU may not only induce apoptotic cell death of CSC-likes in CRC, but also induce cell autophagy
to contradict apoptotic cell death to allow some cells to survive the treatment. However, cetuximab may inhibit the autophagy to increase

the sensitivity of CSC-like CRC cells to chemotherapy.
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to EGFR-targeted mAbs [38], our data that show co-
application of cetuximab with 5-FU is effective for both
lines may suggest that the effects of cetuximab on cell
death are indirectly and may result from the changes of
sensitivity of CRC cells to 5-FU. This conclusion is also
supported by the data that a control group of cetuximab
alone of same dosage did not have significant effects on
cell death.

Interestingly, we found that the effects of cetuximab
on CRC cells appeared to be on CSC-like cells, which
were independently isolated from CRC cells using
CD133, CD44 or EphB2-high as markers. Of note, these
markers have been used to enrich CSC cells, but not purify
them. Using these markers independently increased the
reliability of the conclusion on CSC cells, which were
further proved by tumor sphere formation assay, which is
a gold method for validating CSCs. We found that 5-FU
increased the apoptotic death of CSC-like CRC cells in
an apoptotic assay. Moreover, the changes in cell number
were confirmed in a CCK-8 assay.

Then, we studied the mechanisms underlying the
cetuximab augmented CRC cell death. We found that
5-FU treatment decreased CRC cell viability in a dose-
dependent manner. However, this 5-FU-induced CRC
cell death appeared to be attenuated by augmentation
in autophagy-associated cell survival. Thus, 5-FU
may induce both apoptotic cell death and autophagic
cell survival in CRC cells, while autophagy could be
a negative feedback from CRC cells to resist 5-FU. In
another word, 5-FU damaged CRC cells, the CSC-like
cells from which upregulated autophagy associated
proteins to enhance autophagic cell survival against
the effects of 5-FU. The cetuximab treatment inhibited
the autophagy of CSC-like cells from CRC, resulting
in improved elimination of the CRC. A limitation of
the current study is that the effect of cetuximab/5-FU
adjunctive treatment in vivo was not investigated, which
should be addressed in future studies. Moreover, further
dissection of the details of the involved signaling pathway
is highly needed.

Together, our data suggest that EGFR monoclonal
antibody may sensitize CSC-like CRC cells to 5-FU-
induced apoptosis by affecting autophagy. Cetuximab
treatment may be a promising treatment targeting chemo-
resistance of CSC-likes from CRC.

MATERIALS AND METHODS

Protocol approval

All the experimental methods in the current study
has been approved by the research committee at Jilin
University. All the experiments have been carried out
in accordance with the guidelines from the research
committee at Jilin University.

Cell line culture and treatment

From all published CRC cell lines, we selected
HT-29 and SW480 in our study. HT-29 is a colorectal
adenocarcinoma from a 44 year-old female, and has
been describe before [33]. SW480 is a colorectal
adenocarcinoma from a 50 year-old male, and has been
describe before [34]. Both lines were purchased from
American Type Culture Collection (ATCC, Rockville,
MD, USA), and maintained in Dulbecco’s modified
Eagle’s medium (DMEM, Invitrogen, Carlsbad, CA, USA)
supplemented with 15% fetal bovine serum (FBS; Sigma-
Aldrich, St Louis, MO, USA) in a humidified chamber
with 5% CO, at 37°C. 5-FU (Sigma-Aldrich) was prepared
in a stock of 1 mmol/l and applied to the cultured CRC
cells at 2 pmol/l [35, 36]. Cetuximab is an EGFR chemeric
human-murine monoclonal antibody, and was applied to
the cultured CRC cells at 0.5 mg/ml. Isotype-match IgG
of same concentration was used as a control.

Primary tumor sphere culture

Purified CSC-like cells by flow cytometry were
washed, acutely dissociated in oxygenated artificial
cerebrospinal fluid and subject to enzymatic dissociation.
Cells were then re-suspended in tumor sphere media
(TSM) consisting of a serum-free DMEM, human
recombinant EGF (20 ng/ml; Sigma-Aldrich), bFGF
(20 ng/ml; Sigma-Aldrich), leukemia inhibitory factor
(10 ng/ml; Sigma-Aldrich) and N-acetylcysteine
(60 png/ml; Sigma-Aldrich), and then plated at a density of
2 x 10° cells/60 mm plate.

Analysis of CD133, CD44, and EphB2 by flow
cytometry

CD133, CD44, and EphB2 -based cell analysis and
sorting were performed by flow cytometry, using either
PEcy7-conjugated anti-human CD133 antibody, FITC-
conjugated anti-human CD44 antibody or APC-conjugated
anti-human EphB2  antibody  (Becton-Dickinson
Biosciences, San Jose, CA, USA), respectively. Flow
cytometry was performed using a FACSAria (Becton-
Dickinson Biosciences) flow cytometer, and analyzed with
Flowjo software (Flowjo LLC, Ashland, OR, USA).

Cell viability assay

The CCK-8 detection kit (Sigma-Aldrich) was used
to measure cell viability according to the manufacturer’s
instructions. Briefly, cells were seeded in a 96-well
microplate at a density of 5 x 10*/ml. After 24 h, cells were
treated with resveratrol. Subsequently, CCK-8 solution
(20 ml/well) was added and the plate was incubated at
37°C for 2 h. The viable cells were counted by absorbance
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measurements with a monochromator microplate reader
at a wavelength of 450 nm. The optical density value was
reported as the percentage of cell viability in relation to
the control group (set as 100%).

Apoptosis assay

Cells were labeled with annexin V-FITC and
propidium iodide (PI), and then examined with an
apoptosis detecting kit (Invitrogen) for apoptosis. Samples
were analyzed by flow cytometry and the results were
analyzed by CellQuest software (Becton-Dickinson
Biosciences).

Western blot

Protein was extracted from the cultured cells with
RIPA lysis buffer (1% NP40, 0.1% Sodium dodecyl sulfate
(SDS), 100 pg/ml phenylmethylsulfonyl fluoride, 0.5%
sodium deoxycholate, in PBS) on ice. The supernatants
were collected after centrifugation at 12000 g at 4°C
for 20 min. Protein concentration was determined using a
BCA protein assay kit (Bio-rad, China), and whole lysates
were mixed with 4 x SDS loading buffer (125 mmol/I Tris-
HCI, 4% SDS, 20% glycerol, 100mmol/l Dithiothreitol
(DTT), and 0.2% bromophenol blue) at a ratio of 1:3.
Samples were heated at 100°C for 5 min and were
separated on SDS-polyacrylamide gels. The separated
proteins were then transferred to a PVDF membrane. The
membrane blots were first probed with a primary antibody.
After incubation with horseradish peroxidase-conjugated
second antibody, autoradiograms were prepared using
the enhanced chemiluminescent system to visualize the
protein antigen. The signals were recorded using X-ray
film. Primary antibodies were rabbit anti-LC (Cell
Signaling, San Jose, CA, USA). Secondary antibody is
HRP-conjugated anti-rabbit (Jackson ImmunoResearch
Labs, West Grove, PA, USA). LC I was used as an internal
control for LC IL.

Statistical analysis

All statistical analyses were carried out using the
SPSS 18.0 statistical software package. All data were
statistically analyzed using one-way ANOVA with a
Bonferroni correction, followed by Fisher’s exact test
to compare two groups. All values in cell and animal
studies are depicted as mean + standard deviation and are
considered significant if p < 0.05.

ACKNOWLEDGMENTS

This study was supported by Jilin Province Natural
Science Foundation of China 20160101115JC, and the
Provincal Funds for Health Service of Jilin.

CONFLICTS OF INTEREST

The authors have declared that no competing
interests exist.

Authors’ contributions

The study was conceived and designed by ZC
and YF. Acquisition and analysis of data was performed by
ZC, SG, YG, XW and YF. ZC and YF interpreted the data.
ZC drafted the article, and all authors revised the article
and approved the final version to be published.

REFERENCES

1. EastJE, Dekker E. Colorectal cancer diagnosis in 2012: A new
focus for CRC prevention—more serration, less inflammation.
Nat Rev Gastroenterol Hepatol. 2013; 10:69-70.

2. Van Schaeybroeck S, Allen WL, Turkington RC,
Johnston PG. Implementing prognostic and predictive
biomarkers in CRC clinical trials. Nat Rev Clin Oncol.
2011; 8:222-232.

3. Labianca R, Beretta GD, Mosconi S, Pessi MA, Milesi L.
The development of clinical research in CRC. Ann Oncol.
2005; 16:iv37-43.

4. Garza-Trevino EN, Said-Fernandez SL, Martinez-
Rodriguez HG. Understanding the colon cancer stem cells
and perspectives on treatment. Cancer Cell Int. 2015; 15:2.

5. Petersson M, Niemann C. Stem cell dynamics and
heterogeneity: implications for epidermal regeneration and
skin cancer. Curr Med Chem. 2012; 19:5984-5992.

6. Perez-Losada J, Balmain A. Stem-cell hierarchy in skin
cancer. Nat Rev Cancer. 2003; 3:434-443.

7. Singh SR. Stem cell niche in tissue homeostasis, aging and
cancer. Curr Med Chem. 2012; 19:5965-5974.

8. Singh SK, Clarke ID, Terasaki M, Bonn VE, Hawkins C,
Squire J, Dirks PB. Identification of a cancer stem cell in
human brain tumors. Cancer Res. 2003; 63:5821-5828.

9. Elsaba TM, Martinez-Pomares L, Robins AR, Crook S,
Seth R, Jackson D, McCart A, Silver AR, Tomlinson IP,
Ilyas M. The stem cell marker CD133 associates with
enhanced colony formation and cell motility in colorectal
cancer. PLoS One. 2010; 5:e10714.

10. Wang Q, Chen ZG, Du CZ, Wang HW, Yan L, Gu J. Cancer
stem cell marker CD133+ tumour cells and clinical outcome
in rectal cancer. Histopathology. 2009; 55:284-293.

11. Horst D, Kriegl L, Engel J, Kirchner T, Jung A. CD133
expression is an independent prognostic marker for low
survival in colorectal cancer. Br J Cancer. 2008; 99:
1285-1289.

12. Du L, Wang H, He L, Zhang J, Ni B, Wang X, Jin H,
Cahuzac N, Mehrpour M, Lu Y, Chen Q. CD44 is of

www.impactjournals.com/oncotarget

Oncotarget



13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

functional importance for colorectal cancer stem cells. Clin
Cancer Res. 2008; 14:6751-6760.

Zeilstra J, Joosten SP, Dokter M, Verwiel E, Spaargaren M,
Pals ST. Deletion of the WNT target and cancer stem cell
marker CD44 in Apc(Min/+) mice attenuates intestinal
tumorigenesis. Cancer Res. 2008; 68:3655-3661.
Wielenga VJ, Smits R, Korinek V, Smit L, Kielman M,
Fodde R, Clevers H, Pals ST. Expression of CD44 in
Apc and Tef mutant mice implies regulation by the WNT
pathway. Am J Pathol. 1999; 154:515-523.

. Zhang X. EphB2: a signature of colorectal cancer stem cells

to predict relapse. Protein Cell. 2011; 2:347-348.

Schulenburg A, Cech P, Herbacek I, Marian B, Wrba F,
Valent P, Ulrich-Pur H. CD44-positive colorectal adenoma
cells express the potential stem cell markers musashi
antigen (msil) and ephrin B2 receptor (EphB2). J Pathol.
2007; 213:152—-160.

Merlos-Suarez A, Barriga FM, Jung P, Iglesias M,
Cespedes MV, Rossell D, Sevillano M, Hernando-
Momblona X, da Silva-Diz V, Munoz P, Clevers H,
Sancho E, Mangues R, et al. The intestinal stem cell
signature identifies colorectal cancer stem cells and predicts
disease relapse. Cell Stem Cell. 2011; 8:511-524.

Pitule P, Cedikova M, Daum O, Vojtisek J, Vycital O,
Hosek P, Treska V, Hes O, Kralickova M, Liska V.
Immunohistochemical detection of cancer stem cell
related markers CD44 and CD133 in metastatic colorectal
cancer patients. BioMed research international. 2014;
2014:432139.

Ou J, Deng J, Wei X, Xie G, Zhou R, Yu L, Liang H.
Fibronectin extra domain A (EDA) sustains CD133(+)/
CD44(+) subpopulation of colorectal cancer cells. Stem
Cell Res. 2013; 11:820-833.

Wang C, Xie J, Guo J, Manning HC, Gore JC, Guo N.
Evaluation of CD44 and CD133 as cancer stem cell markers
for colorectal cancer. Oncol Rep. 2012; 28:1301-1308.
Galizia G, Gemei M, Del Vecchio L, Zamboli A, Di
Noto R, Mirabelli P, Salvatore F, Castellano P, Orditura M,
De Vita F, Pinto M, Pignatelli C, Lieto E. Combined
CD133/CD44 expression as a prognostic indicator of
disease-free survival in patients with colorectal cancer. Arch
Surg. 2012; 147:18-24.

Huang X, Sheng Y, Guan M. Co-expression of stem cell
genes CD133 and CD44 in colorectal cancers with early
liver metastasis. Surg Oncol. 2012; 21:103-107.

Nagata T, Sakakura C, Komiyama S, Miyashita A,
Nishio M, Murayama Y, Komatsu S, Shiozaki A, Kuriu Y,
Ikoma H, Nakanishi M, Ichikawa D, Fujiwara H, et al.
Expression of cancer stem cell markers CD133 and CD44
in locoregional recurrence of rectal cancer. Anticancer Res.
2011; 31:495-500.

Horst D, Kriegl L, Engel J, Kirchner T, Jung A. Prognostic
significance of the cancer stem cell markers CD133, CD44,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

and CD166 in colorectal cancer. Cancer Invest. 2009;
27:844-850.

Green DR, Levine B. To be or not to be? How selective
autophagy and cell death govern cell fate. Cell. 2014;
157:65-75.

Guo JY, Xia B, White E. Autophagy-mediated tumor
promotion. Cell. 2013; 155:1216-1219.

White E. Deconvoluting the context-dependent role for
autophagy in cancer. Nat Rev Cancer. 2012; 12:401-410.

Levine B, Kroemer G. Autophagy in the pathogenesis of
disease. Cell. 2008; 132:27-42.

Dahabreh 1J, Terasawa T, Castaldi PJ, Trikalinos TA.
Systematic review: Anti-epidermal growth factor receptor
treatment effect modification by KRAS mutations in advanced
colorectal cancer. Ann Intern Med. 2011; 154:37-49.

Dasari A, Messersmith WA. New strategies in colorectal
cancer: biomarkers of response to epidermal growth factor
receptor monoclonal antibodies and potential therapeutic
targets in phosphoinositide 3-kinase and mitogen-
activated protein kinase pathways. Clin Cancer Res. 2010;
16:3811-3818.

Patel DK. Clinical use of anti-epidermal growth factor
receptor monoclonal antibodies in metastatic colorectal
cancer. Pharmacotherapy. 2008; 28:31S—41S.

Jean GW, Shah SR. Epidermal growth factor receptor
monoclonal antibodies for the treatment of metastatic
colorectal cancer. Pharmacotherapy. 2008; 28:742—754.
von Kleist S, Chany E, Burtin P, King M, Fogh J.
Immunohistology of the antigenic pattern of a continuous
cell line from a human colon tumor. J Natl Cancer Inst.
1975; 55:555-560.

Leibovitz A, Stinson JC, McCombs WB, 3rd, McCoy CE,
Mazur KC, Mabry ND. Classification of human
colorectal adenocarcinoma cell lines. Cancer Res. 1976;
36:4562-4569.

Humeniuk R, Mishra PJ, Bertino JR, Banerjee D. Epigenetic
reversal of acquired resistance to 5-fluorouracil treatment.
Mol Cancer Ther. 2009; 8:1045-1054.

Srimuangwong K, Tocharus C, Yoysungnoen Chintana P,
Suksamrarn A, Tocharus J. Hexahydrocurcumin enhances
inhibitory effect of S-fluorouracil on HT-29 human colon
cancer cells. World J Gastroenterol. 2012; 18:2383-23809.
Ahmed D, Eide PW, Eilertsen IA, Danielsen SA, Eknaes M,
Hektoen M, Lind GE, Lothe RA. Epigenetic and genetic
features of 24 colon cancer cell lines. Oncogenesis. 2013;
2:e71.

Jones C, Taylor MA, McWilliams B. The role of cetuximab
as first-line treatment of colorectal liver metastases. HPB .
2013; 15:11-17.

WWW

.impactjournals.com/oncotarget

81409

Oncotarget



