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Background: Preoperative radiotherapy (RT) is widely used to downstage rectal tumours, but the rate of recurrence varies
significantly. Therefore, new biomarkers are needed for better treatment and prognosis. It has been shown that astrocyte elevated
gene-1 (AEG-1) is a key mediator of migration, invasion, and treatment resistance. Our aim was to analyse the AEG-1 expression in
relation to RT in rectal cancer patients and to test its radiosensitising properties.

Methods: The AEG-1 expression was examined by immunohistochemistry in 158 patients from the Swedish clinical trial of RT.
Furthermore, we inhibited the AEG-1 expression by siRNA in five colon cancer cell lines and measured the survival after irradiation
by colony-forming assay.

Results: The AEG-1 expression was increased in the primary tumours compared with the normal mucosa independently of the RT
(Po0.01). High AEG-1 expression in the primary tumour of the patients treated with RT correlated independently with higher risk
of distant recurrence (P¼ 0.009) and worse disease-free survival (P¼ 0.007). Downregulation of AEG-1 revealed a decreased
survival after radiation in radioresistant colon cancer cell lines.

Conclusions: The AEG-1 expression was independently related to distant recurrence and disease-free survival in rectal cancer
patients with RT and could therefore be a marker to discriminate patients for distant relapse.

Colorectal cancer (CRC) is the third most common cancer
worldwide and the fourth most common cause of cancer death
(Ferlay et al, 2010). The type of therapy for CRC is depending on
the tumour location and stage. Surgery is the mainstay of
curative therapies for rectal cancer patients, but the pelvic
localisation of the rectum leads to surgical limits and thereby to
an increased risk of local recurrence and poorer overall prognosis
(Påhlman, 2005).

As shown in several clinical studies, preoperative radiotherapy
(RT) can potentially downstage the tumour, reduce the local
recurrence, and improve the overall survival in rectal cancer
patients (Swedish Rectal Cancer Trial, 1997; Kapiteijn et al, 2001).
However, less than half of the patients achieve complete
pathological response after preoperative chemoradiotherapy
(Huerta et al, 2009). Having this in mind, it is essential to find
molecular biomarkers as well as specific molecular targets to
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achieve improved pathological response and to give a better
prognosis after treatment.

The oncogene, astrocyte elevated gene-1 (AEG-1, also known as
Metadherin (MTDH), and LYRIC) was originally identified and
cloned by subtraction hybridisation as a human immunodeficiency
virus-1 (HIV-1)-inducible gene in human fetal astrocytes (Su et al,
2002). The AEG-1 is markedly overexpressed in many types of
cancers compared with normal cells, including oesophageal
squamous cell carcinoma (Yu et al, 2009), gastric cancer (Jian-bo
et al, 2011), CRC (Gnosa et al, 2012), hepatocellular carcinoma
(Yoo et al, 2009), non-small-cell lung cancer (Song et al, 2009),
neuroblastoma (Lee et al, 2009), breast cancer (Brown and
Ruoslahti, 2004; Li et al, 2008), prostate cancer (Thirkettle et al,
2009), and renal cancer (Chen et al, 2010).

The AEG-1 is activated by the oncogene Ha-Ras through PI3K/
Akt leading to transcriptional upregulation of AEG-1 by c-Myc
(Lee et al, 2006). Once expressed, AEG-1 can activate several
oncogenic signalling pathways such as PI3K/Akt, MAPK, Wnt,
RNA interference, and NF-kB that are involved in proliferation,
chemoresistance, invasion, angiogenesis, and metastasis (Sarkar
et al, 2008; Lee et al, 2008; Emdad et al, 2009; Yoo et al, 2011).
Recently, Zhao et al (2012) showed that AEG-1 affects the survival,
DNA repair, and cell cycle distribution after radiation in a cervical
cancer cell line.

However, so far no study has analysed the AEG-1 expression in
correlation to the patient outcome in rectal cancer patients with
RT. Therefore, we analysed the AEG-1 protein expression in rectal
cancer specimens from 158 patients participating in a randomised
Swedish rectal cancer trial of preoperative RT (Swedish Rectal
Cancer Trial, 1997) as well as in five colon cancer cell lines and two
normal colon cell lines. We then correlated the AEG-1 expression
from the patient material with clinicopathological variables and
with the expression of other biomarkers previously analysed at our
laboratory on the same patient cohort. Furthermore, we analysed
the impact of AEG-1 knockdown and overexpression on the
survival after radiation in the colon cancer cell lines.

MATERIALS AND METHODS

Patient material. The study included 142 primary rectal adeno-
carcinomas (PT), 116 distant normal mucosa specimens (DN; 104
corresponding to the primary tumour, i.e., distant normal mucosa
and primary tumour from the same patient) that were histologi-
cally free from tumour and taken from the margin of distant
surgical resection, 77 adjacent normal mucosa specimens (AN; 74
corresponding to the primary tumour), and 48 lymph node
metastases (MT; 42 corresponding to the primary tumour). The
patients analysed in this study were from the South-East Swedish
Health Care region and participated in the randomised Swedish
rectal cancer trial of preoperative RT between 1987 and 1990
(Swedish Rectal Cancer Trial, 1997). Among the 158 patients, 83
underwent surgery alone and 75 received RT followed by surgery
(Supplementary Figure 1). The required informed consent was
given by all participants. The RT was applied to 25Gy in 5
fractions within a median of 7 days (range, 4–12 days). None of the
patients received chemotherapy before surgery. The surgery was
performed after a median of 3 days (range, 0–11 days). The mean
follow-up period was 83 months (range, 0–193 months), and 54
patients died from the cancer. The median patient age was 69 years
(range, 36–85 years). Other patient and tumour characteristics are
presented in Supplementary Table 1.

Immunohistochemistry. Immunohistochemical analyses were
performed as described previously (Gnosa et al, 2012). The
primary rabbit polyclonal anti-MTDH antibody (Zymed, San
Francisco, CA, USA) was dilution 1 : 300 in antibody diluent

(DAKO, Cytomation, Glostrup, Denmark). The immunostaining
was scored by two independent observers based on the intensity
and localisation without knowledge of clinicopathological and
biological information. The intensity of staining was classified
according to the following criteria: 0 (negative staining: p5%
positive cells), 1 (weak staining: weak yellow), 2 (moderate
staining: yellow-brown), and 3 (strong staining: brown), and the
staining patterns were graded as cytoplasmic or nuclear. In the case
of discrepant scoring results, a consensus score was reached after
re-examination. For statistical analyses, negative and weak-stained
cases were considered as low-expressing group, and moderate and
strong staining as high-expressing group.

The expression of meninginoma activated protein (Mac30, Zhang
et al, 2006), Ki-67 (Adell et al, 2001), FXYD-3 (Loftås et al, 2009),
Lysyl oxidase (Lox, J Erler and X-F Sun, unpublished data,
immunostaining was performed at Section of Cell and Molecular
Biology, The Institute of Cancer Research, London, UK), and Livin
(Ding et al, 2013) were determined by immunohistochemistry in our
laboratory on the same patient samples as in the present study. The
used cutoff points were the same as in the corresponding publication.
The Lox expression was divided into two groups: (1) a low-expression
group, including samples with negative staining for Lox in either the
cytoplasm, the nucleus, or both and (2) a high-expression group
exerting strong staining in the cytoplasm and nucleus.

Cell culture and ionising radiation experiments. The SW480
and SW620 cell lines were obtained from the American Type
Culture Collection (Manassas, VA, USA). Human colon carcinoma
cell lines KM12C and KM12L4a were kindly provided by Dr Isaiah
J Fidler (M.D. Anderson Cancer Centre, Houston, TX, USA). The
CCD-18Co cell line derived from human colon fibroblasts was a
kind gift from Dr Richard Palmqvist (Umeå University, Umeå,
Sweden). The CCD-841 CoN cell line was a kind gift from Dr
Liang Xu (University of Kansas, Lawrence, KS, USA). The cell lines
were maintained at 37 1C and 5% CO2 in Eagle’s MEM (Sigma-
Aldrich, St Louis, MO, USA) supplemented with 10% heat-
inactivated fetal bovine serum albumin (GIBCO, Invitrogen,
Paisley, UK). For the KM12 cell lines, 2% vitamin solution
(GIBCO) and 0.5% L-glutamine (GIBCO) were added. The
HCT116 cell line was obtained from the core cell center (Johns
Hopkins University, Baltimore, MD, USA) and was maintained in
McCoy’s 5A medium (Sigma-Aldrich) supplemented with 10%
heat-inactivated fetal bovine serum albumin (GIBCO) at 37 1C and
5% CO2. Cells growing exponentially were harvested when 80%
confluence was achieved. All cells were tested for Mycoplasma by
using a commercially available PCR kit (PromoKine, Heidelberg,
Germany). The morphology and growth rate of all cell lines were
controlled during the whole experimental period.

To determine the effect of ionising radiation, cells were
irradiated with a 6MV photon spectra using a linear accelerator
(Clinac 4/100, Varian, Palo Alto, CA, USA). The cells were
positioned below 3 cm PMMA, 105 cm from the photon source
(the distance from the photon source to the PMMA surface was
100 cm). The dose rate at the position of the cells was
4.8 Gymin� 1 and the field size at SSD was 30� 30 cm.

Western blot. Protein was extracted by lysis buffer containing
150mM NaCl, 2% Triton, 0.1% SDS, 50mM Tris, pH 8.0, and 10%
Protease inhibitor cocktail (Sigma-Aldrich) and stored at � 20 1C.
The protein concentration was determined by the colorimetric
BCA protein assay reagent (Pierce, Woburn, MA, USA). Equal
amounts of protein were loaded into pre-cast Mini Protean TGX
gels (Bio-Rad, Hercules, CA, USA), separated by electrophoresis,
and transferred to a Trans-blot Turbo PVDF membrane (Bio-Rad)
using the Trans-blot Turbo transfer system (Bio-Rad). Membranes
were blocked with 5% milk powder in TBS containing 0.1%
Tween-20 for 1 h at room temperature and incubated with a
primary polyclonal antibody rabbit anti-MTDH (1 : 1000, Zymed)
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overnight at 4 1C. The membranes were washed and subsequently
incubated with the secondary HRP-conjugated polyclonal antibody
goat anti-rabbit (1 : 2000, DAKO) for 1 h at room temperature.
Protein bands were detected using ECL plus Western Blotting
Detection System (Amersham Bioscience/GE Healthcare,
Piscataway, NJ, USA). To verify equal protein loadings, polyclonal
rabbit anti-b-actin (1 : 5000, Cell Signaling Technology, Danvers,
MA, USA) was used as a loading control.

siRNA transfection. Cells were seeded in 6-well culture plates at a
density of 1� 105 cells per well in 2ml complete culture medium.
After 24 h, the cells were transfected by using DharmaFECT 2
(Thermo Fisher Scientific, Lafayette, CO, USA) with a siRNA pool
containing 4 siRNAs targeting AEG-1 (Thermo Fisher Scientific,
L-018531-01) or with a pool of 4 non-targeting siRNAs (Thermo
Fisher Scientific, D-001810-10-20) at a final concentration of 25 nM
according to the manufacturer’s instructions. After 48 h, fresh
medium was added to the cells or the cells were seeded for follow-
up experiments. The AEG-1 knockdown was confirmed by qPCR
(Supplementary Materials and Methods) and by western blot
(Supplementary Figure 2).

cDNA transfection. Cells were seeded in 6-well culture plates at
a density of 1.5� 105 per well in 2ml complete culture
medium. After 24 h, the cells were transfected with 1.5 mg of
either pCMV6-Neo (Origene, Rockville, MD, USA) or with
pCMV6-Neo MTDH (Origene, NM_178812, CW101031) using
X-tremeGENE 9 (Roche Diagnostic Corporation, Indianapolis,
IN, USA) according to the manufacturer’s instructions. After
24 h, fresh medium was added to the cells or the cells were
seeded for follow-up experiments. Upregulation of AEG-1 was

confirmed by qPCR (Supplementary Materials and Methods)
and western blot (Supplementary Figure 2).

Colony-forming assay. Cell viability was analysed using colony-
forming assay. The cells were seeded 24 h before 0–6Gy radiation
in triplicates in 6-well plates with 2ml complete medium
(500–1000 cells per well), and incubated at 37 1C in 5% CO2. Plates
were examined to confirm that only single cells without aggregates
had been plated. At respectively 6 (transient) and 10 days (stable)
after radiation, the colonies were fixed with 4% formaldehyde for
15min and stained with 5% Giemsa in 95% ethanol for 20min.
Clones of a minimum of 30 (transient) and 50 cells (stable),
respectively, were counted as one colony. The surviving fraction was
normalised against the corresponding non-irradiated control cells.

Statistical analyses. McNemar’s or w2 test was applied to examine
the significance of the differences in AEG-1 expression in normal
mucosa, adjacent mucosa, primary tumour, and lymph node
metastasis, as well as the association of AEG-1 expression with
clinicopathological or biological variables. Log-rank test was used
to examine the relationship of the AEG-1 staining with the relative
risk for distant recurrence and the patient disease-free survival.
Stratified log-rank test (Collet, 1994) was used for examining
independency of AEG-1 expression from tumour stage in the
relative risk of distant recurrence and disease-free survival. Survival
curves were computed according to the Kaplan–Meier method.
Student’s t-test was used for examining the significance between
treated and untreated cells. All cell line experiments were
performed at least 3 times and data are presented as the
mean±s.d. All tests were two sided, and P-values of o0.05 were
considered as significant.

Weak AEG-1 staining Strong AEG-1 staining

Figure 1. The AEG-1 protein expression determined by immunohistochemistry. The pictures are representative for weak and strong staining of
(A) normal mucosa, (B) primary tumours, and (C) lymph node metastases. Magnification � 400.
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RESULTS

AEG-1 expression during tumour progression in the non-RT
and RT groups. The AEG-1 expression was analysed by
immunohistochemistry in the distant normal mucosa, adjacent
normal mucosa, primary tumours, and lymph node metastases from
surgical resection samples. The AEG-1 expression was detected in the
cytoplasm in all the sites, as well as in the nucleus in some samples
from the distant normal mucosa and the adjacent normal mucosa.
Examples of weak and strong cytoplasmic AEG-1 expression in the
normal mucosa, primary tumours, and lymph node metastases
are shown in Figure 1. Nuclear staining was not related to RT,
gender, age, tumour stage, differentiation, or survival (P40.05), and
therefore not considered for further statistical analyses.

The frequency of the AEG-1 expression in the different tissues
in the non-RT and RT group is shown in Figure 2. In both the non-
RT and RT groups, the AEG-1 expression in the primary tumour
was significantly higher compared with the distant normal mucosa
(Po0.001 and P¼ 0.01, respectively) and the adjacent mucosa
(Po0.001 and P¼ 0.022, respectively; Figure 2A and B).

Evaluations of corresponding specimens revealed a higher
AEG-1 expression in the primary tumour in both the non-RT and
RT groups compared with the distant (P¼ 0.001 and P¼ 0.019,
respectively) and the adjacent normal mucosa (P¼ 0.002 and
P¼ 0.043, respectively). In this study, no differences in AEG-1
expression were found because of RT (P40.05) in the tissue
samples. Furthermore, we analysed the AEG-1 expression in five
colon cancer cell lines (SW480, SW620, KM12C, KM12L4a, and
HCT116) and two normal colon cell lines (CCD18Co and CCD-
841 CoN; Figure 2C). Compared with the normal cell lines we
found a higher AEG-1 expression in the cell line SW620, and a
substantial higher in the cell lines KM12C and HCT116.

AEG-1 expression in relation to clinicopathological and
biological variables. Analyses of the AEG-1 expression in the
primary tumours of the non-RT group revealed no relationship to
gender, age, stage, differentiation, total recurrence (local and/or
distant recurrence, P¼ 0.57, Figure 3A), local recurrence, distant
recurrence, or disease-free survival (P40.05, Supplementary
Table 2). In the RT group, the AEG-1 expression was higher in
males compared with females (P¼ 0.046). Tumours of stage I–III
with high expression of AEG-1 had a higher risk of developing total
recurrence compared with tumours with low AEG-1 expression
(P¼ 0.001, Figure 3D). Moreover, in the RT group, high-AEG-1-
expressing tumours had a significantly higher distant recurrence rate
compared with low-AEG-1-expressed tumours (P¼ 0.009, w2¼ 6.90,
Figure 3E). Furthermore, high AEG-1 expression of stage I–III
tumours was related to worse disease-free survival (P¼ 0.007,
w2¼ 7.18 Figure 3F). Stratified log-rank analyses showed that the
statistical significance remained, independent of the tumour stage
(P¼ 0.012, w2¼ 6.34; P¼ 0.010, w2¼ 6.70, respectively). A similar
trend was obtained when we analysed the all-cause mortality and the
cancer-specific mortality (P¼ 0.07, w2¼ 3.28; P¼ 0.018, w2¼ 5.79
respectively; data not shown). However, the group of patients
receiving RT with low-AEG-1-expressing tumours was small and
consisted of only 13 patients. There was no relationship between
AEG-1 expression and age, stage, differentiation, or local recurrence
(P40.05, Supplementary Table 2).

We next analysed the relationships of the AEG-1 expression
with all biological factors examined on the same patient cohort at
our laboratory before. Significant correlations are presented in
Table 1. In the non-RT group, AEG-1 was negatively correlated
with the Mac30 expression (P¼ 0.021) and positively with
the Ki-67 expression (P¼ 0.026). Tumours treated with RT
showed a positive correlation of the AEG-1 expression with the
FXYD-3 (P¼ 0.016) and Lox expression (P¼ 0.037). High AEG-1

expression was related to Livin expression in the both non-RT
group (Po0.001) and RT group (Po0.001, Table 1).

Clonogenic survival after radiation in AEG-1 down- and up-
regulated colon cancer cell lines. The AEG-1 expression was
downregulated by transfecting the cell lines with a pool of four
anti-AEG-1 siRNAs, and a non-targeting pool of four siRNAs was
included as a negative control (Supplementary Figure 2). Clono-
genic assay of AEG-1 knockdown cells after 2 Gy radiation showed
a lower survival compared with the negative control in the cell lines
KM12L4a (55% vs 41%; P¼ 0.007), SW480 (72% vs 54%; P¼ 0.21),
and SW620 (48% vs 35%; P¼ 0.044; Figure 4A–C). In the cell line
KM12C, the survival increased in the AEG-1 knockdown cells after
2 Gy radiation compared with the negative control (25% vs 28%;
P¼ 0.041), whereas no change was seen in the HCT116 cell line
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Figure 2. AEG-1 protein expression during tumour progression.
The AEG-1 expression analysed by IHC in (A) the non-RT group and (B)
the RT group was significantly higher in the primary tumour compared
with the distant normal mucosa (Po0.001 and P¼ 0.01, respectively)
and the adjacent mucosa (Po0.001 and P¼0.022, respectively).
(C) The AEG-1 protein expression examined by western blot in the colon
cancer cell lines SW480, SW620, KM12C, KM12L4a, and HCT116, and
normal colon cell lines CCD-18Co and CCD-841 CoN. The AEG-1
expression was higher in the cell line SW620 and substantially higher in
the cell lines KM12C and HCT116 compared with the expression in the
normal colon cell lines CCD-18Co and CCD-841 CoN.
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(32% vs 33%; P¼ 0.89; Figure 4D and E). To confirm the results we
repeated the experiment lasting 10 days with stable AEG-1
knockdown cells for the cell lines SW480, SW620, and HCT116.
We found decreased survival for the SW480 and SW620 AEG-1
knockdown cells compared with negative control, similar as with
the transient setting after 2Gy radiation. However, stable HCT116
AEG-1 knockdown cells had an increased survival upon radiation
(Supplementary Figures 3 and 4).

Upregulation of AEG-1 in the cell lines KM12C and KM12L4a
showed no differences in survival compared with the negative
control after 2, 4, and 6Gy radiation, respectively (P40.05,
Supplementary Figure 2).

DISCUSSION

The present study is the first analysing AEG-1 expression in
relation to RT as well as to the clinical outcome in rectal cancer

patients. In addition, for the first time, the impact of AEG-1 as a
possible radiosensitising target in colon cancer cell lines was
investigated.

Previously, we showed that the AEG-1 expression at the
mRNA and protein levels significantly increases in CRC from the
normal mucosa to the primary tumour (Gnosa et al, 2012).
Moreover, we found that AEG-1 expression was not related to
patient survival in CRC (Gnosa et al, 2012). Further survival
analysis on the same cohort revealed no correlation of the AEG-1
expression with survival in either colon cancer patients or in
rectal cancers patients (S Gnosa, unpublished data). In this study
we confirm our previous findings. The AEG-1 expression
increased in both the non-RT and RT groups, from the distant
and adjacent normal mucosa to the primary tumour. In addition,
three out of five colon cancer cell lines showed higher expression
of AEG-1 compared with normal colon cell lines. Furthermore,
there was no relationship of the AEG-1 expression with patient
survival in the non-RT group.
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Figure 3. The AEG-1 expression in relation to distant recurrence and disease-free survival. In the non-RT group, the AEG-1 expression was not
related to (A) total recurrence, (B) distant recurrence rate, or (C) disease-free survival (P40.05). In the RT group, tumour with a high AEG-1
expression had a significantly higher risk of developing (D) recurrence (P¼ 0.001), (E) a significantly higher distant recurrence rate (P¼0.009), and
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Table 1. AEG-1 expression in the primary rectal tumour in relation to biological variables

Non-RT RT

AEG-1 intensity AEG-1 intensity

Variables Low (%) High (%) P-value Low (%) High (%) P-value
Mac30 0.021 0.11

Low 6 (13) 40 (87) 8 (20) 33 (80)
High 7 (39) 11 (61) 4 (44) 5 (56)

Ki-67 0.026 0.43

Low 10 (34) 19 (66) 6 (21) 22 (79)
High 4 (11) 31 (89) 6 (46) 13 (54)

FXYD-3 0.62 0.016

Low 7 (25) 21 (75) 9 (41) 13 (59)
High 8 (20) 32 (80) 4 (12.5) 28 (87.5)

Lox 0.99 0.037

Low 8 (17) 38 (83) 9 (32) 19 (68)
High 5 (17) 24 (83) 3 (10) 27 (90)

Livin o0.001 o0.001

Low 10 (48) 11 (52) 10 (50) 10 (50)
High 3 (6) 51 (94) 4 (10) 37 (90)

Abbreviations: AEG-1¼ astrocyte elevated gene-1; RT¼ radiotherapy. P-values o0.05 are shown in bold.
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Figure 4. Colony-forming assay of the cell lines (A) KM12L4a, (B) SW480, (C) SW620, (D) KM12C, and (E) HCT116 treated with AEG-1 siRNA
or negative control siRNA and increased radiation doses. The AEG-1 knockdown had a radiosensitising effect in the cell lines KM12L4a
(P¼0.001), SW480 (P¼ 0.21), and SW620 (P¼0.044) after 2Gy radiation. In the cell line KM12C, the survival increased in the AEG-1 knockdown
cells after 2Gy radiation compared with the negative control (P¼0.041), whereas no change was seen in the HCT116 cell line (P¼ 0.89).
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Despite the involvement of AEG-1 in CRC development
independently of RT, we found that tumours treated with RT
expressing high levels of AEG-1 correlated to a higher risk of
distant recurrence and to worse disease-free survival independently
of the tumour stage. Studies by others have shown an involvement
of AEG-1 in migration and invasion in various kinds of cancer
(Emdad et al, 2006; Kikuno et al, 2007; Emdad et al, 2010; Zhang
et al, 2013). AEG-1 overexpression in HeLa, human hepatocellular
carcinoma, neuroblastoma, and CREF cells showed an increased
matrix invasion, an indicator for increased metastatic ability
(Emdad et al, 2006; Emdad et al, 2009; Lee et al, 2009; Yoo et al,
2009). In vivo studies using nude mice xenograft models of human
hepatocellular cells showed that overexpression of AEG-1 resulted
in highly aggressive and metastatic tumours, whereas the inhibition
of AEG-1 abrogated this effect (Yoo et al, 2009; Srivastava et al,
2012). Another study in breast cancer showed that AEG-1
overexpression augmented metastasis in vivo (Brown and
Ruoslahti, 2004). Previously, we found an increased AEG-1
expression in metastases compared with the primary tumours in
both patient samples and colon cancer cell lines (Gnosa et al,
2012). We speculate that the increased distant recurrence rate after
radiation in high-AEG-1-expressing tumours could be because of
the metastasis-promoting properties of AEG-1.

In the present study we also analysed the relationship between the
AEG-1 expression and other factors analysed on the same cohort at
our laboratory. In the non-RT group, we found a negative
correlation of the AEG-1 expression to the Mac30 and a positive
correlation to the Ki-67 expression. Mac30 was previously shown to
be activated by BRCA1 and downregulated by the C-jun N-terminal
kinase and p53. The Mac30 expression was related to the
development and aggressiveness of the tumour as well as to the
patient survival in CRC (Moparthi et al, 2007). Ki-67, a well-
described proliferation factor, is expressed during all active phases of
the cell cycle, and a low Ki-67 expression correlates to a pronounced
effect of RT (Adell et al, 2001). Only in the RT group, a positive
correlation was found between the AEG-1 expression with both
FXYD-3 and Lox expression. The FXYD-3, also called MAT8, is a
member of the family of small membrane proteins (Bibert et al,
2006). It is suggested that FXYD-3 participates in the circumstance-
dependent cellular proliferation or antiproliferation, and high
FXYD-3 expression was associated with a worse survival in rectal
cancer patients only in the RT group (Arimochi et al, 2007; Loftås
et al, 2009). Lox, a matrix-modifying enzyme, has been linked to
CRC progression, in particular to invasion and metastasis (Kagan
and Trackman, 1991; Baker et al, 2011). However, the biological
background of the relationship between AEG-1 and those factors is
still unclear and needs to be further investigated.

Taken together, we showed that AEG-1 expression increased
during rectal cancer development and was independently related to
the distant recurrence and disease-free survival in rectal cancer
patients with RT, making it a marker to discriminate patients for
distant relapse after RT.

Recently, Zhao et al (2012) showed a possible involvement of
AEG-1 in radiation response in the cervical cancer cell line SiHa.
The AEG-1 knock-down resulted in a decreased survival and G2
phase arrest after radiation as well as in radiation-induced
apoptosis in those cells. Furthermore, they suggested AEG-1 to
be a possible predictive marker for radiation response in cervical
cancer. In the present study we therefore inhibited AEG-1
expression by siRNA in five colon cancer cell lines and analysed
the clonogenic survival after radiation. We found that AEG-1
knockdown had a radiosensitising effect in the cell lines KM12L4a,
SW480, and SW620. Those cell lines are often referred to as
radioresistant cells in the literature (Rödel et al, 2005; Pfeifer et al,
2009; Shin et al, 2012). However, AEG-1 knockdown in the
cell lines KM12C and HCT116 showed an increased survival.
In concordance to previous studies (Pfeifer et al, 2009; Kobunai

et al, 2011) these cells had a very high sensitivity to radiation
already from start (28% and 33% respectively after 2Gy).
Furthermore, we found in the studied cell lines that high
endogenous AEG-1 levels correlated to a high RT sensitivity, but
further studies are needed to understand the radiosensitising
properties of AEG-1.

In conclusion, this study showed that AEG-1 expression was
independently related to distant recurrence and disease-free
survival in rectal cancer patients treated with RT. Together with
the findings obtained in the cell lines in this study, AEG-1 may be
considered as a promising radiosensitising target for rectal cancer.
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