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Abstract

AIM: To investigate the expression of annexin | in pancreatic
cancer and its relationship with the clinicopathologic factors,
and to evaluate its potential clinical significance.

METHODS: Annexin | expression was analyzed by Western
blot and immunohistochemical staining in pancreatic
adenocarcinoma and multi-tissue microarrays (MTAS).

RESULTS: Western blot analysis showed that annexin |
was overexpressed in 84.6% (11/13) pancreatic ductal
adenocarcinomas. Immunohistochemistry analysis of
pancreatic cancer in MTAs showed that annexin | protein
was 71.4%(30/42) positive which was markedly increased
compared with that in the tumor matched normal pancreas
tissues 18.4%(7/38) (P<0.01). In the meantime, the high
expression of annexin 1 was correlated with the poor
differentiation of pancreatic adenocarcinoma.

CONCLUSION: Annexin 1 overexpression is a frequent
biological marker and correlates with the differentiation of
pancreatic cancer during tumorigenesis.
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INTRODUCTION

Pancreatic cancer is one of the most |lethal malignancies with
less than 3-5% of the overall five-year survival rate, and the
patients normally diewithin six months after diagnosis¥l. There

are some indications that the incidence of pancreatic cancer
following an upward increase, in recent yearsit hasreached a
plateau and in some countries there is even a dlight decrease.
But in China the incidence and mortality rates of this disease
have taken an upward trend countrywide. Based on the data of
demography and death collected through Chinese Disease
Surveillance Point System (DSPS) over the period of 1991-
2000, the age-standardized mortality rate due to pancreatic
cancer increased from 2.18 in 1991 to 3.26 in 2000 per 1000 000
populations and the peak mortality of pancreatic cancer might
arrive in Chinaiin the next few decaded?. In the Unite States,
morethan >30 000 peoplewere diagnosed and died of pancrestic
caner in 2003, representing the fourth leading cause of cancer
death™. The significant factor for the poor prognosisof pancreatic
cancer may be attributed to its biological aggressiveness, the
difficulty of early diagnosis, and poor response to conventional
therapeutics, those reflect a fact that pancreatic cancer is a
poorly understood disease and the etiologic factors and the
molecular basis for these characteristics are unknown.
Comparisons of global gene and protein expression profiles
between pancreatic cancer and normal pancreas using high-
throughput methods could provide important information about
the molecular characteristics and revea some new specific or
associated biomarkers of pancreatic cancer with promise for
development into novel diagnostic or therapeutic targets®7.

Annexin 1, amember of annexin family, was found with
expression dterations in different kinds of malignant tumors.
The molecular mechanisms and the clinical significance of
annexin | altered expression still remain adebate. In this study,
we investigated annexin | expression and distributionsin a
large number of pancrestic cancer specimens via Western blot
and immunohistochemistry analysis based on multi-tissue
microarrays (MTAS).

MATERIALS AND METHODS

Patients and specimens

Fresh tissue samples of 13 pancreatic cancers and their
corresponding normal counterparts were obtained at the time
of resection with informed consent from Cancer Institute and
Hospital (CIH), Chinese Academy of Medical Sciences
(CAMYS) and Peking Union Medica College (PUMC) during
November 2001 and November 2003. The samples were cut
into two parts, one was snap-frozen in liquid nitrogen before
storage at -80 “C, and the other was fixed with 10% formalin
for histopathol ogical diagnosis. Histological diagnosis of these
sampleswas all pancreatic ductal adenocarcinomas. Thisgroup
consisted of 8 males and 5 females with a median age of 64
years (range, 39-75 years). None of them received preoperative
radiotherapy or chemotherapy.

Formalin-fixed paraffin-embedded tissue blocks of
pancreatic cancer and normal pancreatic tissue were collected
from the archives of the Department of Surgery at CIH, CAMS
and Mudanjiang Tumor Hospital between January 1991 and
August 2002 and subjected to tissue microarray construction.
Therewere 32 pancrestic ductal adenocarcinomas, 6 mucinous
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adenocarcinomas, 4 acinar cdll carcinomas, 7idet cdl carcinomas,
8 ampulla of Vater carcinomas. The median age of these
patients (37 males and 20 females) at the diagnosis was 60
years (range, 19-71 years).

Human pancreatic cancer cell lines BXPC-3 and PANC-1
were purchased from American Type Culture Collection
(Manassas, VA). BXPC-3 and PANC-1 cellswere cultured in RPMI
1640 and Dulbecco’ smodified Eagle’ smedium, respectively,
and supplemented with 100 g/L heat-inactivated fetal bovine
serum, 100 U/mL penicillin, and 100 pg/mL streptomycin.

Western blot analysis

Total tissue and cell lysate were prepared in extraction buffer
containing 50 mmol/L Tris-HCI (pH 7.4), 150 mmol/L NaCl,
10 g/L Triton-100, 1 g/L SDS, 1 mmol/L EDTA, 1 mmol/L
AEBSF, 20 pg/mL aprotinin, and 20 pg/mL leupeptin. After
centrifugation at 12 000 g for 15 min at 4 ‘C, the supernatant
was collected, and protein concentration was determined by
Bradford method®. Equal amounts of total protein (10 pg)
from each sample were loaded and separated by 120 g/L SDS-
polyacrylamide gel electrophoresis, and then transferred to
Hybond-P polyvinylidene difluoride (PVDF) membrane
(Amersham PharmaciaBiotech, Piscataway, NJ). After blocked
with 50 g/L nonfat dry milk in PBS (pH 7.4) with 1 g/L Tween-
20, membranes were probed with a mouse anti-annexin |
monoclonal antibody (1:1 000 dilution, BD Biosciences
Pharmingen, Chicago, IL), followed by subsequent incubation
with horseradish peroxidase-conjugated goat anti-mouse
secondary antibody (1:3 000 dilution, Santa Cruz
Biotechnology, Santa Cruz, CA). Visualization of the protein
bands was performed by the enhanced chemiluminescence kit
(Santa Cruz Biotechnology). Parallel Western blot was probed
with an anti-a-tubulin monoclonal antibody (Santa Cruz
Biotechnology) as aloading control.

MTAs construction and immunohistochemistry analysis
Formalin-fixed paraffin-embedded tissue blocks containing
pancreatic adenocarcinomaand normal pancreatic tissueswere
identified on the hematoxylin and eosin stained slide and
marked. The marked areasin the corresponding paraffin block
(donor block) were used for tissue microarray construction.
From these defined areas of each specimen, triplicate tissue
cores with adiameter of 0.6 mm were taken from donor block
and arrayed into a recipient paraffin block using a tissue
puncher/arrayer (Beecher Instruments, Silver Spring, MD) as
previously described®. Five micrometer sections of the tissue
array block were cut and placed on Fisherbrand Colorfrost/Plus
microscope slides (Fisher scientific, Pittsburgh, PA) for
immunohistochemical staining.

The streptavidin-peroxidase method was used for the
immunostaining of annexin |. Briefly, after deparaffinizationin
xylene and rehydration in grade ethanol, endogenous peroxidase
activity was blocked by incubation with 3% hydrogen peroxide
for 10 min. Tissue sections were then heated at 100 C in
10 mmoL/L citrate buffer (pH 6.0) for 10 minto retrieve antigens
and pre-incubated with normal horse serum for 20 min at room
temperature. Mouse anti-annexin | monoclonal antibody (BD
Biosciences Pharmingen) diluted 1:100 was used asthe primary
antibody, and the specimenswere incubated with it overnight at
4 °C, followed by addition of biotinylated anti-mouse secondary
antibody and streptavidin-horseradish peroxidase (Zymed
Laboratories, South San Francisco, CA). 3,3 -diaminobenzidine
was used as a chromogen, and hematoxylin was used for
counterstaining. For negative control purposes, the same
procedure was followed except that the primary antibody was
replaced by PBS. Known immunostai ning-positive slides were
used as positive controls.

The level of annexin | expression was calculated by
combining an estimate of the percentage of immunoreactive
cells (quantity score) with an estimate of the staining intensity
(staining intensity score) asfollows. No staining was scored as 0,
1-10% of cells with positive staining were scored as 1, 10-
50% as 2, 50-70% as 3, and 70-100% as 4. Staining intensity
wasrated on ascale of 0to 3 asfollows: O=negative (no color);
1=weak (weak yellow), 2=moderate (yellow), and 3=strong
(brown). Theraw datawere converted to theimmunohistochemica
score (IHS) by multiplying the quantity and staining intensity
scores. Therefore, the score could range from O to 12. The
IHS score >3 was considered as positive expression(®,

Statistical analysis

Statistical analysiswas performed using the SPSS 10.0 software
package (SPSS, Chicago, IL). The annexin | expression in
different groups was analyzed using Mann-Whitney U test.
The correlation between annexin | and each clinicopathologic
factor was assessed with the Spearman rank correlation test.
P vaue of lessthan 0.05 was congidered statitically significant.

RESULTS

Western blot analysis of annexin | expression

Ten micrograms of protein extracts of pancreatic ductal
adenocarcinoma tissues and their corresponding normal
pancreas tissues from 13 different patients was prepared for
Western blot analysis using monoclonal anti-annexin |
antibody. Thisantibody could detect specific bands migrating
at 37 ku (Figure 1). Western blot revealed that the expression
of annexin | waslow or undetectablein normal pancreastissues.
The level of annexin | expression was markedly increased in
pancregtic ductal adenocarcinoma. Annexin | overexpression
wasfound in 84.6% (11/13) pancreatic ductal adenocarcinoma
tissues. There was also a strong expression of annexin | in
pancrestic cancer cell lines.
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Figure 1 Western blot analysis of annexin | in pancreatic duc-
tal adenocarcinoma. Ten micrograms of total protein extracts
from pancreatic tissues and cell lines were run on 120 g/L SDS-
PAGE, and annexin | protein expression was probed with
mouse anti-annexin | monoclonal antibody and visualized by
chemiluminescence (top panel). C: pancreatic ductal adenocar-
cinoma tissues; N: normal pancreas tissues; BXPC-3: human
pancreatic adenocarcinoma cell line. a-Tubulin was used as
an internal control (bottom panel).

Immunohistochemistry analysis of annexin | using pancreatic
cancer MTAs

We carried out immunohistochemical studiesfor annexin | on
the paraffin-embedded pancreatic cancer tissue microarray
(Figure2. A, B). Thistissue microarray contained atotal of 256
tissue spots cons sting of 32 pancreetic ductal adenocarcinomeas,
6 mucinous adenocarcinomas, 4 acinar cell carcinomas, 7 islet
cell carcinomas, 8 ampullaof Vater carcinomas, and 38 normal
pancreas tissues. In the normal pancreas, the positive rate of
annexin | expression was 18.4%(7/38). It was found that most
of normal pancreatic acinar and ductal cells did not express
annexin |. There were only asmall number of acinar cellsthat
were observed. Annexin | cytoplasmic positive and the scattered
positive cellswere mainly located on the outside of acinar lumen
(Figure 2. C, D). In contragt, positive expression of annexin | in
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Figure 2 Immunohistochemical analysis of annexin | expression on pancreatic cancer MTAs. A and B: Overview of the H & E
staining and immunohistochemical staining of annexin | on pancreatic cancer MTAs; C (x200) and D (x400): normal pancreas; E
(x200) and F (x400): well differentiated ductal adenocarcinoma; G (x200) and H (x400): poorly differentiated ductal adenocarcinoma.

pancrestic cancer (71.4%, 30/42) was up-regulated significantly
(P<0.01). The different subtypes of the tumor were observed
partially positive (Table 1). The possible rel ationships between
annexin | expression with some clinicopathol ogic factors were
additionally analyzed. It was found that the positive expression
rate of annexin | in poorly differentiated pancreatic ductal
adenocarcinomas (81.8%, 9/11) increased markedly compared
with the well and moderately differentiated types (71.4%,
15/21) (P<0.05). According to the progress of tumorigenesis,
the digtributions of annexin | were found altered from the outside
of normal acinar lumen to the inside cancerous acinar lumen
inthewell differentiated ductal adenocarcinomas, and then to
the most of poorly differentiated ductal adenocarcinomas
separately (Figure2. C, D, E, F, G, H). Therewere no statistically
sgnificant correlations between annexin | expression and lymph
node metastasis and TNM stages (Table 2).

Table 1 Annexin | expression in normal pancreas and cancer
tissues

Group n Positive rate of annexin P value
| expression (%)
Normal pancreas 38 18.4(7/38) <0.0001
Pancreatic cancer 42 71.4(30/42)
Ductal adenocarcinoma 32 75(24/32)
Mucinous adenocarcinoma 6 83.3(5/6)
Acinar cell carcinoma 4 25(17/4)
Islet cell carcinoma 7 57.1(4/7)
Ampulla of Vater carcinoma 7 57.1(4/7)

Table 2 Correlation of annexin | expression with clinicopathologic
factors of pancreatic adenocarcinoma on tissue microarray

Clinicopathologic factors n Positive expression P value
rate of annexin | (%)
Histological differentiation 0.012
High and moderate 21 71.4(15/21)
Poor 11 81.8(9/11)
Lymph node metastasis 0.810
Yes 8 75(6/8)
No 34 73.5(25/3)
TNM stage 0.551
| 15 66.7(10/15)
It 21 81(17/21)
1" 5 60(3/5)
DISCUSSION

Annexin | belongsto thefamily of the calcium and phospholipid-
binding proteins, called annexins. Annexins are cytosolic or
associated with the membrane or the cytoskeleton in acalcium-
dependent manner. Annexin | isone of the more extensively
studied annexins, which wasinitially cloned as phospholipase
A2 (PLA2) inhibitor™. Annexin | isasteroid-regulated protein
and thusimplicated in some actions of glucocorticoids, including
inhibition of cell proliferation, anti-inflammatory effects, the
regulation of cell migration, differentiation, death and the
hypothalamic-pituitary axis*?®, To date, there are some
contradictory descriptions on annexin | expression in human



Bai XF et al. Overexpression of annexin 1 in pancreatic cancer

1469

cancers. It has been reported that annexin | is up-regulated in
human breast cancer!*”, hepatocellular carcinoma?®, and
pituitary adenoma*® and down-regulated in human esophageal
squamous cell carcinoma?, prostate cancer'®, and endometria
carcinoma??. In this study, we found that annexin | was
significantly overexpressed in pancreatic cancer by Western
blot and immunohistochemistry, which was consistent with
the results of gene expression profile analysis.

Annexin | is expressed in a tissue-specific manner in
rodents. The highest annexin 1 expression level wasfound in
lung and placenta; moderate in spleen, thymus, prostate, and
submaxillary gland; and low (or absent) in muscle, brain, and
liver®, However, it was found that annexin | expression and
phosphorylation were not only up-regulated during liver
regeneration and transformation in antithrombin 111 SV40 T
large antigen transgenic mice, but also overexpressed at both
the transcriptional and translational levels in tumorous and
nontumorous regions of hepatocellular carcinoma (HCC)[t824,
Annexin | up-regulation has been found to be correlated with
increased synthesis of epidermal growth factor (EGF) and
consequently with increased phosphorylation of EGF receptor
(EGFR). Annexin | isasubstrate for tyrosine kinases such as
EGFRZ2 and for serine/threonine kinases such as protein
kinase C'%, Annexin | can specifically modulate the extracel lular
signal-regulated kinase (ERK) signal cascade at an upstream
site probably by associating with key signal components
including the adaptor protein Grb2. Increased expression of
annexin | could lead to congtitutive activation of ERK1/2 kinase
in macrophages?”. These findings implicated that annexin |
might involvein mitogenic signal transduction and regulate cell
growth. It was found that the level of annexin | expression
increased three to four fold when quiescent human diploid
foreskin fibroblasts (HFF) cellswere stimulated to proliferate®.
This observation suggested that annexin | might be directly or
indirectly involved in cellular proliferation. Pancreatic cancer
demonstrated abnormally high expression of a number of
important tyrosine kinase growth factors and receptors,
particularly of the EGF family, which may contribute to the
neoplasm’ s growth by autocrine and paracrine effects®!.
Because annexin | is a substrate protein of EGFR, we can
postulate that activated EGFR pathway promotes the annexin
| up-regulation and then might associate with pancreasmalignant
transformation. We evaluated the rel ationship between annexin
| and the clinicopathol ogical factors of pancreatic cancer, and
found that higher annexin | expression was correlated with the
poorly differentiated type of pancreatic cancer, which was
similar to the finding in HCC*8, These results suggest that
annexin | isalso involved in histological differentiation. It is
interesting that the location of annexin | expression in different
histologically differentiated types was changed, the reason for
this change is not clear, which might be due to the role of
annexin | in different placed™.

On the other hand, enhanced expression of annexin | could
reduce in vitro peripheral blood lymphocyte response to
mitogens and might involve in the immunosuppressive
mechanism of tumor-bearing hosts®Y. Annexin I-derived
peptides could inhibit antigen-driven human T cell proliferation
and cytokine production®2. High congtitutive level s of annexin
| in leukaemic cells might protect them against immune-
mediated killing!®. These evidences suggested that elevated
annexin | might influence the immune defence system of body
and might serve as a poor prognostic marker.

In conclusion, the present results show that overexpression
of annexin | is afrequent event in pancreatic cancer, which
may be one of the factors that link with the malignant
transformation, lower differentiation and poor prognosis of
pancreatic cancer. Detection of annexin | expression may be
assistant to clinical diagnosis and can assess the prognosis of

pancreatic cancer. However, more efforts need to address the
molecular mechanisms.

ACKNOWLEDGMENTS

We thank professor You-Yong Lu, Ms. Min Zhao and Dr.
Zhuo-Bin Tang, Beijing Laboratory of Molecular Oncology,
Beijing Ingtitute for Cancer Research of Peking University for
their help with tissue microarray construction.

REFERENCES

1 Jemal A, Murray T, Samuels A, Ghafoor A, Ward E, Thun MJ.
Cancer statistics, 2003. CA Cancer J Clin 2003; 53: 5-26

2 Wang L, Yang GH, Lu XH, Huang ZJ, Li H. Pancreatic cancer
mortality in China (1991-2000). World J Gastroenterol 2003; 9:
1819-1823

3 Tan ZJ, Hu XG, Cao GS, Tang Y. Analysis of gene expression
profile of pancreatic carcinoma using cDNA microarray. World J
Gastroenterol 2003; 9: 818-823

4 Rosty C, Christa L, Kuzdzal S, Baldwin WM, Zahurak ML, Carnot
F, Chan DW, Canto M, Lillemoe KD, Cameron JL, Yeo CJ, Hruban
RH, Goggins M. Identification of hepatocarcinoma-intestine-pan-
creas/pancreatitis-associated protein | as a biomarker for pan-
creatic ductal adenocarcinoma by protein biochip technology.
Cancer Res 2002; 62: 1868-1875

5 lacobuzio-Donahue CA, Maitra A, Shen-Ong GL, van Heek T,
Ashfaq R, Meyer R, Walter K, Berg K, Hollingsworth MA,
Cameron JL, Yeo CJ, Kern SE, Goggins M, Hruban RH. Discov-
ery of novel tumor markers of pancreatic cancer using global gene
expression technology. Am J Pathol 2002; 160: 1239-1249

6  Han H, Bearss DJ, Browne LW, Calaluce R, Nagle RB, Von Hoff
DD. Identification of differentially expressed genes in pancre-
atic cancer cells using cDNA microarray. Cancer Res 2002; 62:
2890-2896

7  lacobuzio-Donahue CA, Maitra A, Olsen M, Lowe AW, van Heek
NT, Rosty C, Walter K, Sato N, Parker A, Ashfaq R, Jaffee E, Ryu
B, Jones J, Eshleman JR, Yeo CJ, Cameron JL, Kern SE, Hruban
RH, Brown PO, Goggins M. Exploration of global gene expres-
sion patterns in pancreatic adenocarcinoma using cDNA
microarrays. Am J Pathol 2003; 162: 1151-1162

8  Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of pro-
tein-dye binding. Anal Biochem 1976; 72: 248-254

9 Kononen J, Bubendorf L, Kallioniemi A, Barlund M, Schraml P,
Leighton S, Torhorst J, Mihatsch MJ, Sauter G, Kallioniemi OP.
Tissue microarrays for high-throughput molecular profiling of
tumor specimens. Nat Med 1998; 4: 844-847

10 Friedrichs K, Gluba S, Eidtmann H, Jonat W. Overexpression of
p53 and prognosis in breast cancer. Cancer 1993; 72: 3641-3647

11  Wallner BP, Mattaliano RJ, Hession C, Cate RL, Tizard R, Sinclair
LK, Foeller C, Chow EP, Browing JL, Ramachandran KL,
Pepinsky RB. Cloning and expression of human lipocortin, a
phospholipase A2 inhibitor with potential anti-inflammatory
activity. Nature 1986; 320: 77-81

12 Flower RJ, Rothwell NJ. Lipocortin-1: cellular mechanisms and
clinical relevance. Trends Pharmacol Sci 1994; 15: 71-76

13 Parente L, Solito E. Annexin 1: more than an anti-phospholipase
protein. Inflamm Res 2004; 53: 125-132

14 Perretti M, Gavins FN. Annexin 1: an endogenous anti-inflam-
matory protein. News Physiol Sci 2003; 18: 60-64

15 de Coupade C, Solito E, Levine JD. Dexamethasone enhances
interaction of endogenous Annexin 1 with L-selectin and trig-
gers shedding of L-selectin in the monocytic cell line U-937. Br J
Pharmacol 2003; 140: 133-145

16 Buckingham JC, Flower RJ. Lipocortin 1: a second messenger of
glucocorticoid action in the hypothalamo-pituitary-adrenocorti-
cal axis. Mol Med Today 1997; 3: 296-302

17 Ahn SH, Sawada H, Ro JY, Nicolson GL. Differential expression
of annexin | in human mammary ductal epithelial cells in nor-
mal and benign and malignant breast tissues. Clin Exp Metastasis
1997; 15: 151-156

18 Masaki T, Tokuda M, Ohnishi M, Watanabe S, Fujimura T,
Miyamoto K, Itano T, Matsui H, Arima K, Shirai M, Maeba T,



1470 ISSN 1007-9327  CN 14-1219/ R

World J Gastroenterol

May 15, 2004 Volume 10 Number 10

19

20

21

22

23

24

Sogawa K, Konishi R, Taniguchi K, Hatanaka Y, Hatase O,
Nishioka M. Enhanced expression of the protein kinase substrate
annexin in human hepatocellular carcinoma. Hepatology 1996;
24: 72-81

Mulla A, Christian HC, Solito E, Mendoza N, Morris JF,
Buckingham JC. Expression, subcellular localization and phos-
phorylation status of annexins 1 and 5 in human pituitary ad-
enomas and a growth hormone-secreting carcinoma. Clin
Endocrinol 2004; 60: 107-119

Paweletz CP, Ornstein DK, Roth MJ, Bichsel VE, Gillespie JW,
Calvert VS, Vocke CD, Hewitt SM, Duray PH, Herring J, Wang
QH, Hu N, Linehan WM, Taylor PR, Liotta LA, Emmert-Buck
MR, Petricoin EF 3rd. Loss of annexin | correlates with early on-
set of tumorigenesis in esophageal and prostate carcinoma. Can-
cer Res 2000; 60: 6293-6297

Xin W, Rhodes DR, Ingold C, Chinnaiyan AM, Rubin MA.
Dysregulation of the annexin family protein family is associated
with prostate cancer progression. Am J Pathol 2003; 162: 255-261
DaJ, Meng X, Wang P, Yang Z, Zhu Y. Significance on expres-
sions of Annexin-I and its correlative gene proteins in endome-
trial hyperplasia, atypical hyperplasia and endometrial
carcinoma. Zhonghua Binglixue Zazhi 2001; 30: 256-259

De BK, Misono KS, Lukas TJ, Mroczkowski B, Cohen S. A cal-
cium-dependent 35-kilodalton substrate for epidermal growth
factor receptor/kinase isolated from normal tissue. J Biol Chem
1986; 261: 13784-13792

de Coupade C, Gillet R, Bennoun M, Briand P, Russo-Marie F,
Solito E. Annexin | expression and phosphorylation are
upregulated during liver regeneration and transformation in
antithrombin I11 SV40 T large antigen transgenic mice. Hepatology
2000; 31: 371-380

25

26

27

28

29

30

31

32

33

Fava RA, Cohen S. Isolation of a calcium-dependent 35-kilodalton
substrate for the epidermal growth factor receptor/kinase from
A-431 cells. J Biol Chem 1984; 259: 2636-2645

Khanna NC, Tokuda M, Chong SM, Waisman DM. Phosphory-
lation of p36 in vitro by protein kinase C. Biochem Biophys Res
Commun 1986; 137: 397-403

Alldridge LC, Harris HJ, Plevin R, Hannon R, Bryant CE. The
annexin protein lipocortin 1 regulates the MAPK/ERK pathway.
J Biol Chem 1999; 274: 37620-37628

Schlaepfer DD, Haigler HT. Expression of annexins as a func-
tion of cellular growth state. J Cell Biol 1990; 111: 229-238
Coppola D. Molecular prognostic markers in pancreatic cancer.
Cancer Control 2000; 7: 421-427

Liu Y, Wang HX, Lu N, Mao YS, Liu F, Wang Y, Zhang HR,
Wang K, Wu M, Zhao XH. Translocation of annexin | from cellu-
lar membrane to the nuclear membrane in human esophageal
squamous cell carcinoma. World J Gastroenterol 2003; 9: 645-649
Koseki H, Shiiba K, Suzuki Y, Asanuma T, Matsuno S. Enhanced
expression of lipocortin-1 as a new immunosuppressive protein
in cancer patients and its influence on reduced in vitro periph-
eral blood lymphocyte response to mitogens. Surg Today 1997;
27:30-39

Kamal AM, Smith SF, De Silva Wijayasinghe M, Solito E,
Corrigan CJ. An annexin | (ANXA1)-derived peptide inhibits
prototype antigen-driven human T cell Thl and Th2 responses
in vitro. Clin Exp Allergy 2001; 31: 1116-1125

Wu YL, Jiang XR, Lillington DM, Newland AC, Kelsey SM.
Upregulation of lipocortin 1 inhibits tumour necrosis factor-in-
duced apoptosis in human leukaemic cells: a possible mecha-
nism of resistance to immune surveillance. Br J Haematol 2000;
111: 807-816

Edited by Kumar M and Wang XL Proofread by Xu FM



