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Abstract. Esophageal squamous cell carcinoma (ESCC) is
the predominant type of esophageal cancer in endemic Asian
regions. In the present study, we investigated the clinical
implication and role of transferrin receptor CD71 in ESCC.
CD71 has a physiological role in cellular iron intake and is
implicated in the carcinogenesis of various types of tumors.
In our cohort, more than a 2-fold upregulation of the CD71
transcript was detected in 61.5% of patients using quantitative
polymerase chain reaction. Immunohistochemical analysis
also showed strong membranous and cytoplasmic localization
of CD71 in paraffin-embedded tumors. Staining parallel tumor
sections with the proliferative marker Ki-67 revealed that the
pattern of Ki-67 staining was associated with CD71 expres-
sion. Analysis of clinicopathological data indicated that CD71
overexpression can be used as an indicator for advanced T4
stage (P=0.0307). These data suggested a strong link between
CD71 and ESCC. Subsequent in vitro assays using short inter-
fering RNA (siRNA) to suppress CD71 expression confirmed
the tumorigenic properties of CD71 in ESCC; cell growth
inhibition and cell cycle arrest at S phase were observed in
CD71-suppressed cells. The underlying mechanism involved
activation of the MEK/ERK pathway. In summary, the present
study provides evidence showing the tumorigenic properties
of CD71 in ESCC with clinical correlations and suggests
targeting CD71 as a strategy for the treatment of ESCC.

Introduction

Esophageal cancer is the sixth most prevalent cancer worldwide
and ranks fifth as the most common cause of cancer-related
mortality in males. Among all histological subtypes, esopha-
geal squamous cell carcinoma (ESCC) is the predominant type
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in Asia while adenocarcinoma occurs frequently in Western
countries (1). In our center and around the world, the current
management of ESCC which incorporates chemotherapy with
or without radiation into mainstay esophagectomy has been
proven to greatly improve the survival of patients (2,3). Yet,
not all patients can benefit from such medical strategies, espe-
cially those who are intrinsically resistant or acquire resistance
over the course of therapy.

Similar to most solid tumors, ESCC involves the imbal-
ance of oncogenes and tumor suppressors and deregulation
of tumorigenic pathways. Among these causes, a number of
studies have suggested the role of iron in the progression of
esophageal cancers (4-6). Iron participates in many cellular
processes related to energy metabolism, respiration and DNA
synthesis by being a cofactor or an enzyme component. Notable
involvement includes the functionality of iron-containing
enzyme, ribonucleotide reductase, in catalyzing the conver-
sion of ribonucleotides to deoxyribonucleotides for DNA
synthesis (7). On the molecular level, iron interacts with iron
regulatory proteins to post-transcriptionally modulate the
expression of mRNAs containing iron-responsive elements
(IREs) at 5'- or 3'-untranslated regions, for which these include
genes responsible for iron metabolism and cell cycle regula-
tion (6,8). Cancer cells on the other hand require an extra iron
supply for sustaining a rapid growth rate. Positive findings
have illustrated the role of iron in tumorigenesis based on the
effects of intracellular iron on modulating the tumorigenic
Wnt signaling pathway in colorectal and leukemic cancer
cells (9,10). In addition, the iron level was also found to influ-
ence the cancer-related MEK/ERK pathway in neuroblastoma,
head and neck squamous carcinoma and hepatocellular
carcinoma (11-13). Apart from its direct effect on individual
genes and selected tumorigenic pathways, surplus iron can
also generate reactive oxygen species, thereby triggering
oxidative damage to lipids, proteins and DNA. This type of
DNA damage is detrimental because of the potentiality of the
subsequent advent of gene mutations inducing cancer. Based
on all these cellular effects associated with iron, a homeostatic
level of iron must be tightly maintained by a team of molecules
for import, export and storage of iron (e.g. transferrin receptor,
ferroportin and H-ferritin) (6).

In order to cope with the high iron demand, cancer cells
overexpress a panel of molecules related to iron metabolism
(14-16). Among them, transferrin receptor CD71 was chosen
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for the present study since it is an important regulator for
controlling cellular iron level and is frequently upregu-
lated in different cancer types (15,17). CD71 or transferrin
receptor 1 (TFR1) is a 95-kDa homodimeric transmembrane
glycoprotein. It facilitates iron uptake via its binding with
transferrin, the major iron-carrying protein in systemic circu-
lation (18-20). During the uptake step, the complex of CD71/
transferrin is internalized by endocytosis before the release
of iron in the cellular content. An increase in the expres-
sion of CD71 is readily detected when cells turn malignant.
Immunohistochemical study has associated intense CD71
with active cell growth (21). Despite the correlative study
of CD71 in other cancer types suggesting its diagnostic and
prognostic value, to our knowledge there is only a single study
on CD71 and ESCC (22). Here, we address this by examining
the expression of CD71 in ESCC tissues before revealing its
clinical association in our population. The tumorigenic prop-
erties of CD71 were studied using transient RNA interference
(RNALI) approach, and the effects of CD71 suppression on cell
growth, cell cycle and the MEK/ERK tumorigenic pathway
were also analyzed.

Materials and methods

Clinical specimens. Tumors and adjacent non-tumor tissues
from 26 ESCC patients who had undergone esophagectomy
without any prior chemotherapy and/or radiotherapy at the
Department of Surgery, Queen Mary Hospital, Hong Kong
were used in the present study. Cancer stage was defined
according to the TNM system of the American Joint Committee
on Cancer (AJCC) 7th edition, and the relevant information is
summarized in Table I. Consent regarding the use of clinical
specimens for research was obtained from patients, and the
study was approved by the Institutional Review Board of the
University of Hong Kong/Hospital Authority Hong Kong West
Cluster (HKU/HA HKW IRB).

Cell culture. In-house human cell lines of four ESCCs
(HKESC-1, HKESC-2, HKESC-3 and SLMT-1) and one
immortalized non-neoplastic esophageal epithelial cell line
NE-1 were previously developed by our research team (23-26).
Cultures were maintained as previously described (27,28).

RNAi-mediated CD71 suppression of ESCC cells. CD71
suppression was achieved by transfecting HKESC-1,
HKESC-2 and SLMT-1 cells using short interfering RNA
(siRNA) against different regions of human CD71. Cultured
cells were plated at 30-50% confluence on 6-well plates
overnight before transfection using 1.5 ml Opti-MEM (Life
Technologies, Carlsbad, CA, USA) with 5 ul Lipofectamine
RNAiIMAX reagent (Life Technologies) and 60 pmol of either
scramble siRNA (Stealth RNAi siRNA; Life Technologies;
as negative control) or CD71 siRNAs (CD71 Stealth Select
RNAI siRNA; Life Technologies). Transfection efficiency was
assessed at both the mRNA and protein levels.

Immunohistochemistry (IHC). THC was performed as previ-
ously described (28,29). Paraffin-embedded clinical sections
(5 um) were deparaffinized with xylene and rehydrated with
graded ethanol to water. Antigen retrieval was performed by
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Table I. Clinicopathological parameters of the study cohort
and their correlation with CD71 expression.

Correlation with CD71

Variables N expression (P-value)

Age (years)

<65 11 0.575
>65 15

Gender
Male 15 0.8687
Female 11

Tumor differentiation
Poor 8 0.6657
Moderate 16
Well 2

R category
RO 14 0.1793
R1/R2 12

T-stage
Tl 1 0.1751
T2 3
T3 13
T4 9

N-stage
NO 11 0.7201
N1 8
N2
N3 5

M-stage
MO 24 0.5980
M1 2

Pathological stage
il 9 0.4621
/v 17

heating the rehydrated sections in 10 mM citric buffer (pH 6.0)
for 20 min. After quenching the endogenous peroxidase
activity with hydrogen peroxide and blocking with 3% bovine
serum albumin (BSA), the sections were incubated with
1:50 monoclonal mouse anti-human CD71 (10F11; Abcam,
Cambridge, MA, USA) or 1:100 monoclonal mouse anti-human
Ki-67 antigen (MIB-1; Dako, Carpinteria, CA, USA). Primary
antibody binding was detected using EnVision+ System-HRP
labelled polymer anti-mouse (Dako), and the signals were
visualized with Liquid DAB+ substrate chromogen system
(Dako) before counterstaining with hematoxylin. Negative
controls were performed using the same concentration of
mouse IgG2b and IgGl instead of the anti-human CD71 and
anti-human Ki-67 antibodies, respectively. Images of stained
sections were captured using a Nikon DXM1200F digital
camera (Nikon, Melville, NY, USA).
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Quantitative polymerase chain reaction (qPCR). Total RNA
from cultured cells and clinical specimens were extracted
using TRIzol reagent (Life Technologies) and converted to
cDNA using SuperScript III First-Strand Synthesis system
for RT-PCR kit (Life Technologies). qPCR was performed
as previously described (28,30) with CD71 primers (forward,
5'-GAG GAG CCA GGA GAG GAC TT-3' and reverse, 5'-ACG
CCA GAC TTT GCT GAG TT-3") and Platinum SYBR-Green
qPCR SuperMix-UDG (Life Technologies). GAPDH was used
as an internal control for normalization. The reactions were
performed using the ABI PRISM 7900HT sequence detection
system (Life Technologies). In parallel, semi-quantitative PCR
was performed using Platinum Taq DNA polymerase (Life
Technologies), and the endpoint PCR products were resolved
on a 1.5% (w/v) agarose gel.

Flow cytometry for CD71. After trypsinization of cultured
ESCC and NE-1 cells, the cells were stained with mouse
anti-human CD71 antibody (BD Biosciences, Franklin Lakes,
NIJ, USA), followed by the FITC-labeled secondary antibody.
Isotype control was performed in parallel for each cell line.

Western blotting. Five days post-transfection, the cultured cells
were rinsed with phosphate-buffered saline (PBS) before cell
lysis. Protein lysate (15 pg) from the control and experimental
groups was resolved using 10% SDS-polyacrylamide gel electro-
phoresis and subjected to western blot analysis with antibodies
specific for CD71 (BD Biosciences), MEK1/2 (Cell Signaling
Technology, Danvers, MA, USA), phospho-MEK1/2 (Cell
Signaling Technology), ERK1/2 (Cell Signaling Technology)
and phospho-ERK1/2 (Cell Signaling Technology). Signals
were visualized with the ECL Plus Western blotting detection
reagent (GE Healthcare Biosciences, Pittsburgh, PA, USA).

Colony formation assay. Colony formation ability of the control
and transfected cells was examined using a colony formation
assay as previously described (31,32). Briefly, 1,000 cells/well
were seeded on a 6-well plate 24 h after transfection. Colonies
were fixed with 4% paraformaldehyde after culturing for 8 days
and stained with 0.5% crystal violet for visualization.

Flow cytometry for cell cycle analysis. Cultured cells were
seeded on a 6-well plate at 1x10° cells/well and trypsinized
for flow cytometric analysis 6 days after cell seeding. After
washing twice with PBS, cells were fixed in 70% ethanol
on ice before staining with 50 mg/ml propidium iodide (PI)
(Sigma-Aldrich, Munich, Germany) and 100 mg/ml PureLink
RNase (Life Technologies) in PBS at room temperature.
Stained cells were analyzed using the Cytomics FC500 flow
cytometer (Beckman Coulter, Danvers, MA, USA).

Statistical analyses. Data in the bar charts are expressed as
means + SD, and the significance of difference was calculated
by the Student's t-test. Unpaired Student's t-test or one-way
ANOVA, where appropriate, was used to assess the clinical
correlation of CD71 expression. Kaplan-Meier method was
employed for analyzing survival. A P-value of <0.05 was
considered to indicate a statistically significant result. All the
statistical analyses were performed using GraphPad Prism 5
for Mac (GraphPad Software, La Jolla, CA, USA).
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Results

Overexpression of CD71 correlates with advanced ESCC.
gPCR analysis revealed a >2-fold upregulation of CD71
transcripts in 61.5% (16/26) of the frozen ESCC tissues when
compared to their adjacent non-tumor tissues. The increase in
expression level ranged from 2.15- to 5-fold in 34.6% (9/26)
of patients, >5- to 10-fold in 15.4% (4/26) of patients, and
>10-fold in 11.5% (3/26) of patients (Fig. 1A). When these
tissue pairs were run for conventional semi-quantitative
RT-PCR, an obvious increase in CD71 expression was found
in all tumors exhibiting a >5-fold mRNA upregulation as
shown in Fig. 1A, while only slight expression of CD71 was
detected in the adjacent non-tumor tissues (Fig. 1B). When
the fold-change of CD71 expression (tumor/non-tumor) was
correlated with clinicopathological characteristics, we did
not find significant correlation with tumor differentiation,
degree of tumor invasion ‘T-stage’, status of tumor local
regional lymph node involvement ‘N-stage’, the presence of
systemic metastases ‘M-stage’, and the ‘R-category’ (Table I).
However, when the CD71 expression level of patients in
T1-T3 stages was compared with that in the T4 stage patients,
the CD71 mRNA expression level was correlated with
advanced T4 stage of the primary tumor (P=0.0307; Fig. 1C),
suggesting that patients in advanced T4 stage have tumors
with high expression of the CD71 transcript. In the analysis
concerning survival time after surgery, no significant differ-
ence in survival was noted between patients having tumors
with high or low expression of CD71 when 2.65-fold (this is
the median fold ratio of CD71 upregulation in our patient
cohort) of tumor vs. non-tumor CD71 expression was used as
a cut-off (P=0.2861). However, 3 patients (P07, P18 and P22)
with >10-fold upregulation of the CD71 transcript in tumors,
had a reduced survival time after surgery (P07, 2.95 months;
P18, 8.59 months and P22, 11.01 months) when compared to
the average survival rate of the study cohort (28.46 months).

When we examined the protein level of CD71 and its
localization in paraffin-embedded tumor tissues and adjacent
non-tumor tissues using IHC from the same patient cohort,
CD71 staining patterns were mainly membranous and cyto-
plasmic in the ESCC tissues (Fig. 2). In the frozen non-tumor
tissues and formalin-fixed non-neoplastic esophageal epithe-
lium cells, a weak CD71 signal was barely detected using
RT-PCR (Fig. 1B) and IHC (Fig. 2A), respectively. Faded
CD71 staining was detected in the tumor tissues from patients
with ~1- to 2-fold CD71 transcript induction as shown in the
case of P02 (0.99-fold) (P02-T; Fig. 2B). Representative THC
images of the cases with a medium to high level of CD71 in
tumors (based on their respective transcript level as in Fig. 1A)
are shown in Fig. 2B. The highest THC signal intensity was
observed in patients PO7 and P18 with >15-fold mRNA
upregulation (PO7-T and P18-T), while a medium IHC signal
was noted in patients P24, P09 and P25 with 5.28-, 7.47- and
9.11-fold mRNA upregulation, respectively (P24-T, PO9-T and
P25-T). Of note, a discrepancy between real-time PCR and IHC
results existed in 2 cases (P05 and P23). In P05, the paraffin-
embedded tumor sections were weakly stained regardless of
the high level of CD71 mRNA expression, while strong CD71
staining was found in P23 although the level of CD71 induc-
tion was relatively low (data not shown). In general, the level
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Figure 1. Upregulation of CD71 mRNA expression in ESCC specimens and its correlation with advanced tumor stage. (A) qPCR was performed to examine the
expression of CD71 mRNA in ESCC tumors and the adjacent non-tumor tissues. Relative expression of CD71 in each non-tumor tissue was set arbitrarily to
1. Bars indicate the fold-change of tumor vs. non-tumor tissues. The experiment for each sample was repeated at least twice. More than 2-fold upregulation of
CD71 was noted in 61.5% (16/26) of the cases examined. (B) Total RNA extracted from clinical tissues was also subjected to conventional RT-PCR for valida-
tion. Obvious elevation in CD71 mRNA expression was detected in the cases with >5-fold induction in tumors vs. non-tumor tissues. Representative results of
the PCR products from P05 and P07 visualized on a 1.5% agarose gel are shown. (C) Dot plot shows a significant correlation between CD71 overexpression
and advanced T4 tumor stage (P=0.0307). Of note, the 3 patients with >10-fold upregulation of CD71 (P07, P18 and P22) had T4 stage disease. N, non-tumor

tissues; P, patient number; T, tumor tissues.

of mRNA in the frozen tissues matched well with the protein
level in the tissue sections. To ascertain whether overexpres-
sion of CD71 is related to active cell proliferation in ESCC,
we stained the paraffin sections for cell proliferation marker
Ki-67. Apart from the presence of Ki-67-positive cells at the
basal epithelial layer of the non-tumor tissues (data not shown),
co-localized staining patterns of CD71 and Ki-67 were clearly
shown in the tumor tissues with CD71 overexpression (Fig. 3).
This observation suggests a link between CD71 overexpres-
sion and active cell proliferation.

Knockdown of CD71 inhibits tumor phenotypes of ESCC cells.
As CD71 was overexpressed in more than half of the ESCC
cases examined, it was expected that higher expression of the
CD71 transcript should be detected in cultured ESCC cell lines
when compared to the non-neoplastic esophageal epithelial
cell line NE-1. Using real-time PCR, a >2-fold upregulation
of the CD71 transcript was found in 3 (HKESC-1, HKESC-2
and SLMT-1) out of the 4 examined ESCC cell lines (Fig. 4A).

This transcript expression data was highly correlated with the
flow cytometry-derived protein data, which showed the highest
CD71 protein level in the SLMT-1 cells and lowest in the NE-1
cells (Fig. 4B). A slight deviation in CD71 mRNA and protein
levels were noted for HKESC-1 and HKESC-2 cells (Fig. 4).
To ascertain the role of CD71 in ESCC tumorigenesis,
siRNA-mediated RNAi was used to suppress CD71 in CD71-
expressing HKESC-2 cells before assessing the effects on
tumor phenotypes. Si-cd71-a and si-cd71-b were two siRNAs
targeting different regions of the CD71 transcript and both
caused significant reduction in the CD71 mRNA level in the
HKESC-2 cells by >75% (si-cd71-a, 76.7+5.4%; si-cd71-b,
82.7£9%) compared to the parental line as revealed using
real-time PCR (Fig. 5A). Consistent with the real-time and
conventional RT-PCR results (Fig. 5A and B), siRNA-medi-
ated suppression of CD71 also reduced the levels of CD71
protein (Fig. 6E). These results confirmed a better suppression
efficiency of si-cd71-b when compared with that of si-cd71-a.
In the colony formation assay, suppression of CD71 using
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Figure 2. Expression and localization of CD71 in ESCC tumors. Immunohistochemistry was performed to examine the expression and localization of CD71
in the tumor and non-tumor tissues. (A) Weak CD71 staining was detected in the esophageal epithelium of the non-tumor tissues studied. Images are from
three non-tumor tissue sections. (B) ESCC tissues displayed membranous and cytoplasmic staining of CD71. For most cases, the staining intensity of CD71
was correlated with the mRNA level. Representative tumor images of CD71 staining in cases P02 (no detectable elevation in CD71 mRNA), P24 (5.28-fold
upregulation of CD71 mRNA), P09 (7.47-fold upregulation of CD71 mRNA), P25 (9.11-fold upregulation of CD71 mRNA), P07 (15.1-fold upregulation of
CD71 mRNA) and P18 (16.3-fold upregulation of CD71 mRNA). All images are of the same scale with scale bar shown in the image of the non-tumor tissue
in the upper right corner. Original magnification, x400. T, tumor.

CD71

Ki-67 |

Figure 3. Expression of Ki-67 and its association with CD71 overexpression in ESCC tumors. The monoclonal antibody against Ki-67 was used to iden-
tify active proliferating cells in ESCC tissues. A matched staining pattern between CD71 and Ki-67 was found in several of the ESCC tumors examined.
(A) Representative images of CD71 and Ki-67 staining of adjacent tumor sections from cases P13, P09 and P0O7. All images are of the same scale with the scale
bar shown in the CD71-stained section of P13. Original magnification, x200. (B) Higher magnification images at x400 of CD71 and Ki-67 staining from case
P07. Both images are of the same scale with the scale bar shown in the CD71 stained image.
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Figure 4. Expression of CD71 in cultured ESCC cells. (A) qPCR was
performed to examine the mRNA expression of CD71 in four ESCC cell
lines (HKESC-1, HKESC-2, HKESC-3 and SLMT-1) and a non-neoplastic
esophageal epithelial cell line NE-1. The fold ratio of the NE-1 cell line was
set arbitrarily to 1, and bars indicate the fold ratio of each ESCC cell line vs.
NE-1. The results demonstrated high level of CD71 mRNA expression in
all cultured ESCC cells examined when compared to the NE-1 cells. Error
bars indicate standard deviation. "P<0.05; “P<0.01. (B) Similar to the gPCR
data, flow cytometric analysis with the anti-CD71 antibody demonstrated an
increased percentage of CD71-positive cells in the cultured ESCC cell lines
when compared to the NE-1 cells.

si-cd71-a and si-cd71-b significantly reduced the size and
number of colonies to 60.3+4.5 and 59.0+4.5%, respectively
(P<0.01) when compared to the parental cells (Fig. 6A and B).
Analysis of cell cycle distribution after suppression of CD71
showed cell cycle arrest at S phase; the percentage of cells in
the S phase was significantly increased from 11.56+0.28% in
untreated cells to 13.81+0.36% (P<0.05) and 16.46+0.36%
(P<0.01) by si-cd71-a and si-cd71-b, respectively (Fig. 6C and
D). However, no change in the level of apoptosis was found
between the untreated and CD71-suppressed cells as indicated
in the sub-Gl phase population (Fig. 6D). Similar results for
reducing colony formation ability and arresting cells in the
S phase were obtained following suppression of CD71 by
transfection of HKESC-1 and SLMT-1 with si-cd71-b (data
not shown). No alteration in examined parameters was noted
between the untreated parental cells and cells transfected with
the GC content-matched scramble control siRNA (Fig. 6).

Activation of the MEK/ERK pathway in CD7I1-suppressed
cells. An obvious increase in the level of phospho-MEK1/2
was found in both the si-cd71-a- and si-cd71-b-transfected
cells as revealed in the immunoblot assay using an antibody
against activated MEK1/2 with phosphorylation at Ser217/221.
This activation of phospho-MEK1/2 upon CD71 suppres-
sion was coupled with an increase in its downstream factor
phospho-ERK1/2 (Fig. 6E), suggesting an association between
CD71 suppression and activation of the MEK/ERK pathway
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Figure 5. Suppression of CD71 in HKESC-2 cells. (A) HKESC-2 ESCC cells
were transfected with two siRNAs against CD71 (si-cd71-a or si-cd71-b)
or GC content-matched scramble control siRNA (SC). Total RNAs were
extracted from parental and transfected cells three days after transfection,
and the relative expression level of CD71 was assessed by real-time PCR, in
which the expression level of untreated cells was set to 100%. Expression of
CD71 mRNA was significantly suppressed by both CD71 siRNAs, while no
suppression was found in the SC-transfected cells. “P<0.01. (B) Suppression
of CD71 mRNA by siRNAs was validated using semi-quantitative con-
ventional RT-PCR analysis. Ctrl, control untreated group; SC, scramble
siRNA-transfected group.

in ESCC. In addition to the effect on the tumorigenic pathway
by CD71 suppression, we also attempted to ascertain whether
suppression of CD71 leads to any alteration associated with
iron metabolism. Using real-time PCR, we did not detect any
changes in the expression of several components related to
iron metabolism such as iron storage factor H-ferritin, iron
import factor divalent metal transporter 1, and iron export
factor ferroportin after CD71 knockdown (data not shown).
Therefore, the effects on CD71 knockdown-induced cellular
phenotypes were not related to changes in the above iron
metabolic factors.

Discussion

Iron is circulated in the form of iron-bound transferrin in the
body and its cellular uptake is mediated via a transferrin cell
surface receptor named CD71 (15). Similar to surplus iron
having a link with cancer, overexpression of CD71 is frequently
observed in cancers and is correlated with carcinogenesis and
several clinicopathological parameters in tumors originating
in brain, colon, breast and lung (14,16,17,21,33-35). To date,
only a limited number of studies have defined the role of
CD71 in ESCC. In 2006, Wada et al (22) reported expression
of CD71 mRNA in 22.4% of paraffin-embedded ESCC tissues
using conventional RT-PCR. Although this study provided
valuable information on CD71 in ESCC, paraffin-embedded
tissue is not an ideal source for RNA extraction due to the long
fixation and embedding process that may affect RNA quality.
In the present study, we supplemented this earlier study
by providing real-time PCR results generated from frozen
tumors. A higher percentage of patients (61.5%) was shown to
have a >2-fold increase in CD71 mRNA expression. In support
of this finding, ESCC cell lines derived from tumors resected
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from different regions of the esophagus were also noted to
have elevated expression of CD71. Both the clinical and cell
line data unequivocally suggest the importance of this iron
transport receptor in ESCC. Explanation for CD71 overexpres-
sion in ESCC was provided by Wada et al (22), who stated
that amplification of chromosome 3q is one way that leads
to this observation. Although we did not perform a similar
experiment in our patient cohort, 2 of our studied cell lines,
HKESC-1 and HKESC-2, with CD71 overexpression indeed
harbored chromosomal gain in the 3q region (23,24), which
might account for the induced expression. Even considering
this finding, chromosomal gain appears not to be the only
mechanism for the upregulation of CD71 expression, since
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Figure 6. CD71 suppression induces cell growth inhibition and cell cycle
arrest in HKESC-2 cells. (A) Cells treated with siRNAs against CD71
(si-cd71-a and si-cd71-b) were subjected to a colony formation assay.
Representative images from each experimental group corresponding to Fig. 5
are shown. An obvious reduction in both the size and colony number was
observed in the groups with CD71 suppression. (B) Bar chart demonstrates
the number of colonies for each group when compared to the control. Error
bars indicate standard deviation. “P<0.01. (C) Cell cycle analysis was per-
formed on propidium iodide (PI)-stained cells for each experimental group.
Representative flow cytometric profiles of DNA content (PI fluorescence)
of control cells and si-cd71-b-transfected cells. Horizontal bars indicate S
phase cells in the DNA histogram. (D) The percentages of cells at sub-Gl,
Gl, S and G2/M phases were determined for each experimental group. A
significant reduction in the number of cells residing in the G1 phase coupled
with an increase in the number of S phase cells were noted in the CD71
siRNA-transfected cells when compared to the control and SC groups. Bars
indicate standard deviation. "P<0.05; “P<0.01. (E) Western blot analysis of
cells transfected with siRNAs against CD71 (si-cd71-a and si-cd71-b). A
reduced level of CD71, and induced levels of p-MEK1/2 and p-ERK1/2 were
noted when compared to the parental and SC-transfected cells. 3-actin was
used as a loading control. Ctrl, control untreated group; p, phosphorylated
form; SC, scramble siRNA-transfected group.

SLMT-1 cells that lack chromosomal gain at the 3q region
also exhibit a drastic induction of CD71 (25). It is plausible
that SLMT-1 cells might be subjected to post-transcriptional
regulation as a number of microRNA binding sites can be
found in the 2.5 kb (NM_003234.2: 2567-5241) 3' untranslated
region of CD71 mRNA (36-38). Alternatively, other epigenetic
mechanisms such as promoter demethylation may also take
part in the regulation of CD71 expression. Additional regula-
tory mechanisms leading to CD71 activation in ESCC require
further investigation.

CD71 overexpression has been correlated with tumor stage
in several cancer types (15,21), thereby suggesting CD71 as
a marker for tumor diagnosis and progression (15,17). Here,
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no significant correlation was found between expression of
the CD71 transcript and several tumor parameters, such as
lymph node involvement and degree of tumor differentiation.
Yet, a high level of CD71 was correlated with advanced T4
tumor stage. In particular for cases P07, P18 and P22 with
>10-fold upregulation of the CD71 transcript, all had T4 stage
disease and none of the cases survived longer than 1 year after
surgery. Collectively, this suggests the prognostic value of
CD71 in indicating advanced T4 stage disease. In esophageal
cancer, T-stage defines the depth of tumor invasion into the
esophageal wall and T4 denotes tumors that have infiltrated
through the esophageal adventitia into adjacent structures.
High expression of CD71 in the late tumor stage implicates the
involvement of CD71 in tumor invasion. It is believed that iron
overload is one factor that increases the expression of matrix
metalloproteinase, which is an enzyme facilitating tumor
invasion by breaking down extracellular matrix in head and
neck squamous cell carcinoma (13). At present, no concrete
evidence is available correlating CD71 overexpression and
ESCC invasiveness, which warrants further investigation.

As shown, CD71 is mainly localized at the membrane
and cytoplasm in ESCC tumor cells, which is consistent
with reports of other cancer types (15) and is in line with the
functional roles of CD71 for transferrin binding and inter-
nalization. Most intense CD71 signals were found in 2 cases
(P07 and P18), for which their tumors had a >15-fold CD71
mRNA upregulation. In these 2 cases, strong CD71 staining
occupied the entire cytoplasmic region in some cells. In
most cases examined, the staining intensity of CD71 was in
agreement with the mRNA expression data, except for 2 cases
(e.g. PO5) with weak CD71 staining in the presence of high
mRNA expression. This discrepancy between the mRNA and
protein level in a minority subgroup of tumors might be due
to other undefined mechanisms regulating CD71 at the post-
transcriptional or translational level, and the protein turnover
rate might be taken into account for further investigation.

In the present study, when we concomitantly analyzed the
expression of CD71 and Ki-67 using adjacent tissue sections
less than 30 ym apart, both of these stains were found in
similar localizations. In non-neoplastic esophageal squamous
tissue, Ki-67-stained cells were restricted to the proliferating
layer of the esophageal epithelium weakly expressing CD71.
While in tumor tissues, Ki-67 staining increased with CD71
expression. As Ki-67 is a proliferative marker, the THC results
indicate that CD71 may contribute to rapid cell growth in
ESCC. Having demonstrated this, we next tested whether
suppression of CD71 inhibits tumor phenotypes of ESCC
cells. The HKESC-2 ESCC cell line was chosen for siRNA
transfection due to its high competence of transfection based
on our prior experience. Although cancer cells might evolve
other mechanisms to compensate for the loss of CD71 such
as production of other iron importers, application of siRNA
against CD71 was sufficient to inhibit ESCC cell growth as
revealed by the small size and reduced number of colonies
formed as detected in the colony formation assay. Cell cycle
analysis further showed that treatment of CD71 siRNA
induced cell accumulation in the S phase coupled with cell
depletion in the G1 phase. Unexpectedly, this cell cycle arrest
resulted in no change in the percentage of apoptotic cells. From
the CD71 knockdown experiments and the fact that iron is an
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important element for carcinogenesis, targeting CD71 appears
to bear therapeutic potential in CD71-expressing tumors.
Based on this concept, preclinical cancer therapeutic research
has focused on reducing the systemic iron level by chelating
agents. Recently Ford ef al (39) reported the possible applica-
tion of an iron chelator deferasirox in inhibiting esophageal
cancer growth. Indeed, we provided evidence to support the
targeting of the iron importer CD71 as a way to achieve anti-
tumorigenesis. To the best of our knowledge, this is the first
report detailing the growth inhibiting effect of targeting CD71
on ESCC tumorigenesis. This study provides valuable insight
into the potential therapeutic value of CD71 in ESCC. CD71
is an important candidate for study regarding its therapeutic
potential for other cancer types. An investigation focusing on
cancer immunotherapy has revealed the antiproliferative effect
of the anti-CD71 antibody against lymphoma cells (40). In
view of these findings, targeting iron-related molecules such as
CD71 seems to be a plausible way to counteract tumorigenesis
of different origins.

Previous studies have provided clues on how the iron level
can modulate tumorigenesis. In colon cancer cells, elevation of
intracellular iron enhances tumorigenic Wnt signaling as indi-
cated by increased transcription of its downstream targets of
this pathway (9). In contrary, application of iron chelating agents
to reduce the iron level abrogated Wnt signaling and inhibited
cell growth in colorectal and leukemic cells (10). Moreover,
the MEK/ERK pathway is activated by iron in PC12 neuro-
blastoma cells and neck squamous cell carcinoma cells (11,13).
Other iron-sensitive molecules, such as cell division cycle 14A
(cdcl4A), are cell cycle regulators under IRE control (8). Given
the fact that CD71 is responsible for iron binding and internal-
ization, it is reasonable to believe that the mentioned signaling
pathways and molecules might be affected upon CD71 manipu-
lation in ESCC. However, no deviation in the level of Wnt
pathway downstream targets and cell cycle regulator cdcl4A
was noted after CD71 suppression in the present study (data
not shown). An unexpected increase in the phospho-MEK1/2
coupled with elevation of its downstream target phosphor-
ERK1/2 was detected when CD71 was suppressed, indicating
that knockdown of CD71 activates this specific pathway. The
MEK/ERK pathway exerts its effect through phosphorylation of
many downstream targets related to cell growth and apoptosis,
and it is generally believed that activation of the MEK/ERK
signaling pathway promotes cell proliferation and malignant
transformation. In line with our data, this finding fails to
explain the entire scenario. MEK/ERK signaling is composed
of a complicated network with other signaling molecules,
such as those belonging to the PI3K/PTEN/AKT pathway and
p53 (41,42). Moreover, this pathway is also capable of activating
members of the kinases, transcription factors and apoptotic
regulators. Emerging evidence has suggested that activation of
the MEK/ERK pathway leads to cell growth inhibition. In a
colon cancer cell line, activation of the MEK/ERK pathway
resulted in pl4ARF-induced cell growth arrest (41). Benzyl
isothiocyanate-induced cell growth arrest and apoptosis were
mediated by ERK activation in human pancreatic cancer (43).
The decisive role of the MEK/ERK pathway in ESCC is still
unclear. With the presented results as a background, further
study of the molecular carcinogenesis of ESCC should focus on
the link between CD71 suppression and MEK/ERK activation.
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Based on the results derived from the present study, we

demonstrated the overexpression of CD71 in ESCC and that
suppression of CD71 in cultured ESCC cells leads to reduced
tumorigenic properties. The results presented in the present
study also indicate the therapeutic potential of targeting CD71
in ESCC, which may contribute to the development of novel
anticancer agents.
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