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Abstract
AIM: To investigate the alteration of the annexin I subcellular
localization in esophageal squamous cell carcinoma (ESCC)
and the correlation between the translocation and the
tumorigenesis of ESCC.

METHODS: The protein localization of annexin I was
detected in both human ESCC tissues and cell line via the
indirect immunofluorescence strategy.

RESULTS: In the normal esophageal epithelia the annexin
I was mainly located on the plasma membrane and formed
a consecutive typical trammels net. Annexin I protein also
expressed dispersively in cytoplasm and the nuclei without
specific localization on the nuclear membrane. In esophageal
cancer annexin I decreased very sharply with scattered
disappearance on the cellular membrane, however it
translocated and highly expressed on the nuclear membrane,
which was never found in normal esophageal epithelia. In
cultured esophageal cancer cell line annexin I protein was
also focused on the nuclear membrane, which was consistent
with the result from esophageal cancer tissues.

CONCLUSION: This observation suggests that the
translocation of annexin I protein in ESCC may correlate
with the tumorigenesis of the esophageal cancer.
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INTRODUCTION
Annexin I is a member of annexins, an evolutionary conserved
multigene family, which are calcium and phospholipid-binding
proteins. Annexins consist of a conserved C-terminal domain
that confers calcium-dependent phospholipid binding and a
variable N-terminal domain that is responsible for the specific
properties of each annexin I[1,2]. As a steroid-regulated protein
annexin I has been found to participate in the cell differentiation
and anti-inflammatory effects[3, 4]. It is also a major substrate
of EGF receptor, which related to endocytic trafficking and
sorting of EGFR in multivesicular endosomes[5]. The annexin
I modulates the signal transduction through MAPK/ERK
pathway and, specifically, inhibits the activities of
phospholipase A2[6, 7]. Recent studies describe increased
expression of annexin I in human hepatocellular carcinoma
but it is absent in several types of carcinomas, such as human
esophageal cancer and prostatic neoplasm[8, 9]. We have found
that annexin I is clearly lost in ESCC, a kind of major diseases
and the 4th killer of malignant tumors in China, and it seems
that the annexin I protein plays an important role in the
carcinogenesis.
      It is well known that the protein subcellular localization is
a very important way to better understand protein functions.
The alteration of protein subcellular localizations and the
membrane trafficking will facilitate the specific cellular
functions as well as signal transduction. To detect the
subcellular localizations of annexin I in both normal epithelia
and ESCC mucosa will give us some clues to address the
functions of annexin I in malignant tumors.

MATERIALS AND METHODS

Materials
Tissues specimens  The esophageal specimens used for
immunohistochemical (IHC) staining were obtained from
patients who presented to the Cancer Hospital of Chinese
Academy of Medical Sciences, Beijing, China and were
diagnosed as esophageal squamous cell carcinoma without
chemotherapy and radiotherapy by two senior pathologists.
After surgical resections the specimens were fixed in 70 %
ethanol or 40 mg·L-1neutral formalin and embedded in paraffin.
Cell line  Human ESCC cell line, EC0156 was generated in
our laboratory from an ESCC tissue.
Antibodies  Commercial available antibodies included annexin I
monoclonal antibody (Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA), goat anti-mouse TRITC and goat anti-mouse FITC
antibodies (Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA, USA). All other reagents were of analytical grade.

Methods
Cell cultures  The human esophageal cancer cell line EC0156
was cultured in Dulbecco’s modified Eagle’s medium (DMEM)
with 10 % fetal bovine serum and antibiotics (penicillin and
streptomycin) at 37  in a humidified atmosphere with 5 % CO2.
Indirect immunofluorescence staining[10]  For immunostaining,
EC0156 cells were grown on glass-coverslips at 80 %
confluence and fixed in 4 % paraformaldehyde in 100 mmol·L-1
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PBS (pH=7.4) for 15 min at room temperature. After three
washes with the buffer (25 mmol·L-1 HEPES, 1 mmol·L-1 CaCl2,
1 mmol·L-1 MgCl2 and 10 g·L-1 BSA), the paraffin embedded
tissue sections were deparaffinized and hydrated through
xylenes and graded alcohol series, and then rinsed for 5 min in
water. The fixed cells and deparaffinized tissue sections were
incubated in blocking solution (0.1 % horse serum and 0.06 %
Triton-X 100 in PBS) for 1 hour to decrease the non-specific
binding of the antibodies and to improve the penetration of
the antibodies through membranes. The blocking solution was
also used for diluting the primary and secondary antibodies.
After 1 hour, the blocking solution was changed for the primary
antibody solution (anti-annexin I monoclonal antibody was
diluted to 1:200 and PBS was used as negative control) and
the cells were incubated at 4  overnight. After three washes,
cells and tissues were incubated with the fluorescence-labeled
secondary antibodies (1:300 diluted goat anti-mouse TRITC
or the goat anti-mouse FITC) for 30 min at room temperature.

This was followed by a last washing step (3×5 min, in PBS),
then the cells were rinsed with distilled water, air dried and
mounted on glass slides using Cytoseal 60 mounting medium
(Stephens Scientific). Cells were then analyzed and images
were obtained with a fluorescence microscope (Olympus
BX51, OLYMPUS OPTICAL CO., LTD., Japan).

RESULTS
Localization of annexin I in normal esophageal epithelia
Annexin I protein was mostly located on the cell membrane in
a granular pattern and some of them on the nucleus and
cytoplasm as well through immunofluorescence staining in the
normal esophagus epithelia (Figure 1. d, e, f and g).
Consecutively and symmetrically expressed annexin protein
on the cellular membrane makes typical trammel net. Annexin
I also expressed in the cytoplasm and nuclei dispersively
without specific localization on the nuclear membrane.

Figure 1  The localization of annexin I in normal esophageal epithelium. The normal esophageal epithelia on the paraffin-embed-
ded tissues were detected with anti-annexin I monoclonal antibody and imaged with TRITC-conjugated goat anti-mouse antibody,
and then observed under a fluorescence microscope (a, d, e, f and g). PBS was used as a negative control (a 50×), the tissue section
was viewed under a Nomarski interference-contrast microscopy (b 50×) and the additional H & E staining was also performed (c
200×). The localization of annexin I protein in normal esophageal epithelium was shown from d to g (d 200×; e 400×; f 400× and g
400×). The orientation of the bottom left corner was the basal membrane of the esophageal mucosa.
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Translocation of annexin I protein in ESCC
Figure 2 (c, d, e and f) showed clearly that the beautiful trammel
net of annexin I protein on the esophageal epithelia had been
broken and the holes of the net had been fused each other on
the ESCC cellular membrane. The expression of annexin I on
the cellular membrane decreased very sharply with unequal

distribution or scattered disappearance. In the meantime, we
also found the nuclear membrane localization of annexin I
protein had appeared and increased very obviously (shown by
the yellow arrows), which has never been found in normal
esophageal epithelia. However, the expression of annexin I in
nuclear plasma had been decreased distinctly.
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Figure 2  The translocation of annexin I protein in ESCC. Paraffin-embedded tissue sections of ESCC were detected with anti-
annexin I antibody and annexin I protein was labeled by TRITC-conjugated secondary antibody. The fluorescence image was
visualized under a fluorescence microscope (Olympus BX51, Japan). An H & E staining was performed (a  200×; c 400×). A
hyperplasia of esophageal epithelia were shown in Figure 2 (a and b, b 200×) and there were basal papillae displaying bound-
ary area of the epithelium, which consecutively expressed annexin I formed the typical trammel net on the cellular membrane.
Annexin I protein was decreased sharply and translocated from cellular membrane to the nuclear membrane (d 200×; e 400×; f
400×). The yellow arrows showed the nuclear membrane localization of annexin I in ESCC and all of the materials were from a
same ESCC case.

Nuclear membrane localization of annexin I on ESCC cell line
In order to further confirm the localization of annexin I protein
in ESCC, a human esophageal cancer cell line, EC0156 was
used to inspect the distributions of annexin I by indirect
immunofluorescence staining. Annexin I protein was distinctly

focused on the nuclear membrane (Figure 3, indicated by red
arrows) of the EC0156 cells and it was consistent with what
we saw in esophageal cancer tissues. On the cell line, annexin
I proteins were also expressed on cytoplasm, cellular membrane
and nuclear plasma as well.



Figure 3  The localization of annexin I in ESCC cell line. EC0156
cells were grown on glass coverslips at 80 % confluence, de-
tected with the anti-annexin I monoclonal antibody and visu-
alized by FITC-conjugated secondary antibody under the fluo-
rescence microscope. EC0156 cells were cultured in DMEM
medium and photomicrographied under a phase-contrast mi-
croscopy (a 100×). Annexin I was observed by fluorescence
microscope (b 400× and c 1 000×). The red arrows showed that
annexin I protein was also located on nuclear membranes in
EC0156 cells.

DISCUSSION
Annexin I protein belongs to a family of calcium-dependent
phospholipid-binding proteins whose functions are presumed
to participate in various membrane related events including
membrane fusion in exocytosis and endocytosis as well as
membrane organization. Previously studies have reported that
in human epidermis annexin I was stained in a granular pattern
in the monolayer but in an envelope pattern in the stratified
keratinocytes[11]. The subcellular localization of annexins in
rat was mainly found in the cytoplasm and nucleus of the
mesangial cells[12], and in cytoplasm of mast cells[13]. By the
localization of annexin I, II, VI and XIII in epithelial cells of
intestinal, hepatic and pancreatic tissues of the rabbit, Massey-
Harroche et al[14] showed that the basolateral domain of
polarized cells appears to be the main site where annexins are
located, and annexins may therefore be involved in the

important cellular events occurring at this level. It suggests
that the different localizations of annexin I contribute to its
versatile functions.
      Recently it has been found that annexin I is drastically down-
regulated in esophageal cancer and assumed that the it may
play a key role in the tumorigenesis of ESCC[8,15, 16]. To gain
the insight into the localization of annexin I, its relationship
with the processing of esophageal cancer and the possible
functions of this protein, we investigated the subcellular
localization of annexin I in ESCC cell line, normal and cancer
esophageal epithelia by indirect immunofluorescence strategy.
It was found that annexin I was mainly located on the
membrane of the normal esophageal epithelia in granular
pattern and formed a typical trammel net between the
esophageal epithelia. Annexin I also expressed dispersively in
the nuclei and cytoplasm without specific localization on the
nuclear membrane. However, on the cellular membrane of
ESCC the beautiful trammel net of annexin I had been broken
and the holes on the net had been fused together. The expression
of annexin I on the cellular membrane and nuclear plasma
decreased very sharply, and the protein distributed unequally
with scattered disappearance. Meanwhile, the nuclear
membrane localization of annexin I had been appeared and
increased obviously, which was never been found in normal
esophageal epithelia. Additionally the distribution of annexin
I on the human esophageal cancer cell line, EC0156 was also
distinctly focused on the nuclear membrane. This finding
suggests that the translocation of the subcellular localization
of annexin I may be correlated with the tumorigenesis of ESCC.
An IHC analysis of annexin I in ductal epithelial cells of various
human breast tissues indicated that this annexin was not
demonstrable in both the ductal luminal cells of normal breast
and benign tumors, but was generally expressed in various types
of breast cancer. Therefore it is most likely involved in an early
stage of human breast cancer development. Annexin I expression
might also correlate with breast cancer progress[17].
      Annexin I appeared to be cleaved by neutrophil elastase at
the N-terminal portion between Val-36 and Ser-37 to yield a
33 kDa protein. Cleavage of the N-terminal portion of annexin
I was accompanied by a marked change in the annexin I
isoelectric point (pI) value (from 6.0 to 8.5-9.0) and greatly
diminished its functional activities. The findings demonstrate
that annexin I degradation in epithelial lining fluid is closely
related to lung inflammation[18].
      The mechanisms of annexin I localization are a complexity.
A study showed calcium induced translocation of annexin I
into subcellular organelles and secretory vesicles in human
neutrophils, which suggested annexin I might contribute to
the secretory process in neutrophils[19]. Other studies also
showed that dexamethasone and IL-6 could affect the
localization of annexin I. In A549 human adenocarcinoma cell
line dexamethasone could inhibit EGF-stimulated cytosolic
PLA2 activation and arachidonic acid release. Annexin I
participated in this regulated pathway. Dexamethasone induced
annexin I phosphorylation and translocation mediated by
glucocorticoids receptor, then brought about a competition
between annexin I and Grb2 leading to a failure of recruitment
of signaling factors to EGFR[6]. In U937 cells dexamethasone
also caused translocation of annexin I from the intracellular
compartment to the cell membrane[20]. Solito et al reported that
induction of annexin I protein and its translocation to the cell
membrane were stimulated by interleukin 6 and a unique 30
bp region of the annexin I promoter, which was critical for the
responsiveness of the reporter gene to IL-6 and dexamethasone.
IL-6 stimulation was mediated by a C/EBP beta-like
transcriptional factor. Annexin I might participate in host
defence system as a new acute class II phase protein[21].
      Another study showed that stresses, treatment of A549 and
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Hela cells with heat, hydrogen peroxide or arsenate, resulted
in the translocation of annexin I from cytoplasm to nucleus
and perinuclear region. There were different intracellular
distributions of annexins in macrophage-like cells in
phagocytosis, and reactions to hydrogen peroxide and sodium
arsenate[22].
     In summary, we have first detected the translocation of
annexin I from cellular membrane to nuclear membrane in
ESCC cells. It seems that the subcellular localizations of
annexin I are closely related to its functions and the alterations
are most likely involved in the tumorigenesis of ESCC,
especially at the early stage. More investigations are doing to
further clarify the mechanisms of annexin I subcellular-
localization changes during tumorigenesis of human ESCC.
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