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Background: Annexin A1 (ANXA1) is known to be involved in the progression and differentiation
of various tumors. However, its significance and role in bladder carcinogenesis has not been fully
elucidated. To determine the role ANXA1 plays in urothelial carcinoma (UC), we investigated the
expression of ANXA1 protein in normal urothelial tissue, carcinoma in situ (CIS), and UC of the
urinary bladder. Methods: Protein expression level of ANXA1 and its subcellular localization were
analyzed in 88 cases of UCs and corresponding 24 normal tissues and 24 CISs by immunohisto-
chemistry. Results: ANXA1 was significantly down-regulated at all subcellular localization in CIS
and in the cytoplasm and membrane of cells of UC, compared to normal tissues. No significant
correlation between ANXA1 expression level and tumor depth (pT), growth pattern, and recurrence
was found. However, cytoplasmic and membranous ANXA1 were significantly up-regulated in
high grade than in low grade UC (p=0.02 in cytoplasm and p=0.03 in membrane). Conclusions:
These results suggest that ANXA1 dysregulation is involved in urothelial carcinogenesis and
ANXA1 is potentially a marker for the pathologic differentiation of UC.
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Annexin Al (ANXAL1) is a 37-kDa protein with calcium and
phospholipid binding properties. It is a member of the subfam-
ily A of annexin (ANX), and presents in organisms from molds
to mammals. ANX shares a conserved COOH-terminal with
repeated domains and an N-terminal region, the variability of
which confers specific annexin function." Its anti-inflammato-
ty property is attributed to ANXA1 binding to surface recep-
tors of granulocytes and macrophages,’ and its ability to inhibit
phospholipase A..* It plays various roles in the regulation of
apoptosis, intracellular signal transduction, differentiation, and
proliferation.’®

ANXAL is also known to be involved in the carcinogenesis
of many tumors. The expression of ANXA1 is increased in hairy
cell leukemia, pancreatic cancers, and hepatocellular carcino-
ma.”** However, it is decreased in cancers of esophagus, larynx,
prostate and B-cell lymphoma.'*"> ANX is known to be local-
ized in the cytoplasm and moves to the membrane or the nucle-
us depending on calcium level and stimulation.'®!” Recent stud-
ies have shown that specific subcellular localization of ANXA1
is associated with epithelial differentiation and may be a prog-
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nostic factor in oral squamous cell carcinoma (SCC).'®"?

Urothelial carcinoma (UC) of the urinary bladder is the sev-

enth most common cancer worldwide,?°

and comprises approx-
imately 90% of all primary tumors of this organ. Development
of UC is associated with chemical exposure, cigarette smoking,
schistosomal infections, and genetic alterations.”* UC is known
to progress along two divergent pathways: one is characterized
by low grade non-invasive papillary tumors preceded by hyper-
plasia. The other is that of high grade invasive tumors, which
progress from carcinoma iz situ (CIS) or arise de novo.”> While
low grade papillary tumors have frequent mutations of HRAS
and fibroblast growth factor receptor 3 (FGFR3) genes activat-
ing the receptor tyrosine kinase-RAS pathway, high grade inva-
sive tumors harbor defects in the p53 and/or the retinoblastoma
protein (RB) pathways. Recently, ANXATL emerges as a tumor-
related protein in UC, however, the significance of ANXAL in
bladder carcinogenesis is not yet fully understood and study re-
sults remain inconsistent.?*** Cui et #/.?* showed that ANXA1
expression was down-regulated in higher histologic grade of
UC, but Li et al.** reported contradictory outcome with their
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study. Moreover, while subcellular localization of ANXA1 has
been recognized as an important differentiation or prognostic
factor in other cancers, there has been no study on the intracel-
lular distribution of ANXA1 in UC.

The aim of this study was to investigate the immunohisto-
chemical expression pattern of ANXAI in normal urothelium,
CIS, and UC of urinary bladder, and the association between
subcellular ANXA1 expression and clinicopathologic features
in order to determine if ANXA1 is involved in bladder carcino-
genesis.

MATERIALS AND METHODS
Materials
Eighty eight UC patients whose tissue specimens obtained

from transurethral resection of bladder tumor (77 cases) or radi-
cal cystectomy (11 cases) at the Eulji Medical Center, Eulji Uni-

C)
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versity School of Medicine between 2004 and 2008 were en-
rolled in this study. No patient was preoperatively treated with
immunotherapy or chemotherapy. The pathology slides of each
tumor were reviewed and 24 cases with normal adjacent blad-
der tissue were selected. For the evaluation of CIS, 18 cases as-
sociated with UC and 6 cases not associated with UC obtained
from transurethral resection of bladder tumor were included,
making a total of 24 CIS cases. The histologic grade of the tu-
mor was determined according to the World Health Organiza-
tion-International Society of Urologic Pathology (WHO-ISUP)
classification.

Immunohistochemistry

Immunohistochemical stain was performed on tissue sections
from formalin-fixed, paraffin embedded tissue blocks. For mul-
tiple tumors, sections containing the most invasive areas of each
tumor were selected and 4 pm-thick tissue sections obtained us-

Fig. 1. Immunohistochemical staining intensity of cytoplasmic annexin A1. (A) 0, no staining in low grade papillary tumor. (B) 1+, weak inten-
sity in low grade papillary tumor. (C) 2+, moderate intensity in high grade invasive tumor. (D) 3+, strong intensity in high grade invasive tumor.
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ing microtome were transferred onto poly-L-lysine coated slides.
After deparaffinization and rehydration, antigen retrieval was
performed using 0.01 M citrate buffer (pH 6.0) in a pressure
cooker. Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide for 10 minutes, then the sections were incu-
bated with primary rabbit anti-annexin Al polyclonal antibody
(1 : 250, Abcam, Cambridge, UK) and visualized using 3,3"-di-
aminobenzidine detection kit (Dako, Glostrup, Denmark). Fi-
nally, the slides were counterstained with hematoxylin. Normal
urinary bladder mucosa was used as positive control, and cases
not treated with primary antibody served as negative control for
the interpretation of immunohistochemistry.

ANXA1 immunoexpression was evaluated in the nucleus,
cytoplasm and membrane. The immunoreactivity of ANXA1
expression was determined semiquantitatively by assessing the
percentage of stained cells and staining intensity. The percent-
age of positive cells was rated as follows: 0 point, no positive
cells; 1 point, < 5%; 2 points, 5-50%; 3 points, >50% positive
cells. The staining intensity was rated as follows: 0, no staining;
1+, weak intensity; 2+, moderate intensity; 3+, strong intensi-
ty (Fig. 1). The overall ANXA1 expression was scored by add-
ing the percentage of positive cells and staining intensity. Fi-
nally, an overall score between 0 and 3, and that between 4 and
6 were respectively considered negative and positive expression.

Statistical analysis

Comparison of subcellular ANXA1 immunoexpression be-
tween normal, CIS, and UC was performed using x* test and

Fisher’s exact test. Correlation between ANXA1 expression and

Hojung Lee - Seung Kyu Choi - Young Ok Hong, et al,

clinicopathologic features was evaluated by x* test. Statistical
significance was set at p<0.05.

RESULTS

Expression of ANXA1 in normal urothelial tissue, CIS, and UC

In normal urothelial tissues, ANXA1 was expressed in the
cytoplasm and membrane of all 24 cases (100%, each), and in
the nuclei of 20 of 24 cases (83%) (Table 1). Immunoreactivity
was seen in basal cells to intermediate layers sparing superficial
umbrella cells (Fig. 2A). In CIS specimens, ANXA1 expression
was markedly down-regulated compared to normal tissues,
showing nuclear, cytoplasmic and membranous staining in 12
(50%), 12 (50%), and 11 (46%) of 24 cases, respectively (Fig.
2B). ANXA1 immunoreactive cases in UC were increased com-
pared to those in CIS, although lower than those in normal uro-
thelial tissue. Positive nuclear, cytoplasmic and membranous
staining cases were detected in 66 (75%), 55 (62.5%), and 46

Table 1. Intracellular localization of ANXA1 in normal urothelium,
CIS, and UC

ANXAT expression

Localization Normal bladder Cls uc
(h=24) (n=24) (n=88)
Nucleus 20 (83) 12 (50) 66 (75)
Cytoplasm 24 (100) 12 (50) 55 (62.5)
Membrane 24 (100) 11 (46) 46 (52)

Values are presented as number (%).
ANXA1, annexin A1; CIS, carcinoma in situ; UC, urothelial carcinoma.

B)

Fig. 2. Immunoreaction of annexin A1 (ANXA1) in normal urothelial tissue and carcinoma in situ (CIS). (A) Normal bladder mucosa cells
strongly express ANXA1 in the nuclei, cytoplasm and membrane. ANXA1 expression is seen in basal cells to intermediate layers, except the
superficial umbrella cells. (B) ANXA1 immunoreactivity is markedly reduced in urothelial CIS in all subcellular localization.
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(52%) of 88 UC specimens, respectively. The percentage points
and staining intensities of positive cells in UC are listed in Ta-
ble 2. Regarding cytoplasmic expression, the case numbers of
percentage point 1, 2, and 3 were 37, 12, and 6 out of 55 cases,
respectively and those of staining intensity 1+, 2+, and 3+ were
29,21, and 8 out of 58 cases, respectively. On 2x 2 comparison
using X test and Fisher’s exact test, loss of ANXA1 was signifi-
cant at all subcellular localization in CIS and in the cytoplasm
and membrane of UC cells compared to normal tissues (Table 3).

Association between subcellular ANXA1 expression and
clinicopathologic characteristics of UC

The clinicopathologic features of the 88 UC patients and their
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association with subcellular expression of ANXA1 are presented
in Table 4. The median age of UC patients (73 males and 15 fe-
males) were 70 years (range, 38 to 97 years). No correlation was
found between the level of ANXAL expression and age, gender,
and growth pattern of UC patients. ANXAL1 positivity showed
increasing tendency as the pathologic T stage advanced, albeit

Table 3. Two by two comparison of nuclear, cytoplasmic and mem-
branous ANXA1 expression among normal urothelium, CIS and UC

p-value
Localization
Normal x CIS CISxUC Normal x UC
Nucleus 0.050 0.062 0.693
Cytoplasm <0.001 0.541 0.001
Membrane <0.001 0.855 <0.001

ANXA1, annexin A1; CIS, carcinoma in situ; UG, urothelial carcinoma.

Table 2. The percentage points and staining intensities of ANXA1 positive cells in UC

Percentage point (1=88)

Staining intensity (n=88)

Localization
0 1 2 3 0 1+ 2+ 3+
Nucleus 22 (25.0) 47 (53.4) 10 (11.4) 9(10.2) 20 (22.7) 31(35.2) 30 (34.1) 7(8.0)
Cytoplasm 33(37.5) 37 (42.1) 12 (13.6) 6(6.9) 30 (34.1) 29 (32.9) 21(23.9) 8(9.1)
Membrane 42 (47.7) 23(26.2) 12 (13.6) 11 (12.5) 38 (43.2) 28 (31.8) 13(14.8) 9(10.2)
Values are presented as number (%).
ANXA1, annexin A1; UC, urothelial carcinoma.
Table 4. Correlation between subcellular expression of annexin A1 (ANXA1) and clinicopathologic characteristics of UC patients
ANXA1 expression
No. of patients Nucleus p-value Cytoplasm p-value Membrane p-value
Total 88 66 (75.0) 55 (62.5) 46 (52.0)
Age (yr)
<70 42 31(73.8 1.00 28 (66.7) 0.58 22 (52.4) 1.00
>70 46 35 (76.1) 27 (58.7) 24 (52.2)
Gender
Male 73 55 (75.3) 1.00 45 (61.6) 0.78 37 (50.7) 0.51
Female 15 11 (73.3) 10 (66. 9 (60.0)
Growth pattern
Papillary 70 54 (77.1) 0.36 43 (61.4) 0.68 35(50.0 0.40
Non-papillary 18 12 (66.7 12 (66.7) 11 (61.1)
Pathologic stage
pla 30 22 (73.3) 0.31 16 (53.3) 0.58 13 (43.3) 0.66
pT1 37 29 (78.4) 24 (64.9) 21 (56.8)
pT2 13 11 (84.6) 9(69.2) 7 (62.5)
pT3 8 4(50.0) 6(75.0) 5(62.5)
Pathologic grade
Low 50 35(70.0) 0.21 26 (52.0) 0.02 21 (42.0) 0.03
High 38 31(81.6) 29 (76.3) 25 (65.8)
Total 77° 58 (75.3) 47 (61.0) 40(51.9)
Recurrence
No 50 38 (76.0) 1.00 30 (60.0) 1.00 29 (58.0) 0.28
Yes 27 20 (74.1) 17 (63.0) 11 (40.7)

Values are presented as number (%).

aGtatistically significant; PNumber of patients undergone transurethral resection of bladder.

UC, urothelial carcinoma.
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without statistical significance. Significant association was seen
between cytoplasmic and membranous expression of ANXA1
and tumor grade (p=0.02 and p=0.03, respectively). The im-
munoreactivity of ANXA1 was increased in high grade tumors
compared to low grade tumors (Fig. 1). High grade tumors
showed variable expression patterns of nuclear only, cytoplasmic
only, or membranous only among each tumor and even within
the same tumor (Fig. 3). Nuclear pleomorphism in high grade
tumor was seen more in cytoplasmic and membranous ANXA1
positive tumor cells and ANXA1 was predominantly expressed
at the invasive front of the tumors (Fig. 3B, C). Of 88 UC pa-
tients, 77 patients underwent transurethral resection of bladder
tumor and 11 patients (2 low grade tumors and 9 high grade
tumors) underwent radical cystectomy. In the evaluation of the
relationship between ANXA1 expression and tumor recur-
rence, we excluded 11 cases of radical cystectomy, because tu-
mor recurrence could not be evaluated precisely. In the remain-
ing 77 patients, there was no correlation between subcellular
ANXALI expression and recurrence.
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DISCUSSION

In this study, we observed significant reduction in ANXA1
immunoexpression in CIS and UC compared to normal urothe-
lium. ANXA1 was expressed in the nuclei, cytoplasm, and
membrane of the normal urothelium except for umbrella cells.
ANXAL1 expression in normal urothelium was previously re-
ported by Dreier er al.” but its expression in specific cell layer
and subcellular localization were not discussed.

To the best of our knowledge, this is the first study that de-
scribes the loss of ANXA1 in urothelial CIS. Down-regulation
of ANXAI expression in premalignant lesions was recently re-
ported in oral and laryngeal SCC.'*® Alves et /.*° showed
ANXAL1 was down-regulated in all cellular compartments in
dysplastic laryngeal squamous epithelial cells compared to their
normal counterparts. Nomura ¢t @/.'> demonstrated ANXA1
down-regulation in the plasma membrane of premalignant and
malignant lesions of the oral cavity. ANXA1 has been suggest-
ed to stimulate apoptosis and activate extracellular receptor ki-

nase signaling cascade'” that cause the disruption of the cyto-

Fig. 3. Immunoreaction of annexin A1 (ANXA1) in nuclei (A), cyto-
plasm (B), and membrane (C) of high grade invasive urothelial car-
cinoma. Nuclear pleomorphism is more frequently observed in cy-

toplasmic and membranous ANXAT1 positive tumor cells than nu-

clear ANXA1 positive tumor cells.
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skeleton and the inhibition of cyclin D1.?” Decreased expression
of ANXAI in premalignant and malignant lesions may be as-
sociated with the anti-apoptotic function of ANXAI that ren-
ders normal cells to undergo cancerous progression. This study
suggests that significant down-regulation of ANXA1 in CIS at
all subcellular localization is an early event in bladder carcino-
genesis.

There are two contradictory results on the expression of AN-
XAl in UC. Cui & al.* demonstrated that ANXA1 expression
was inversely related to the level of differentiation of UC in all
subcellular location, however, their UC sample size was limited
to 26 cases and there was no description of ANXA1 expression
in CIS. On the contrary, Li e a/.** reported ANXA1 up-regula-
tion in higher pT status and histologic grade of UC, suggesting
that ANXA1 might be related to tumor progression. Moreover,
these authors showed that ANXA1 overexpression predicted
disease-specific and metastasis-free survival in UC patients. They
described absence of nuclear staining and ANXA1 reactivity
seen only in the cytoplasm of tumor cells. We observed similar
result that there was a significant positive correlation between
tumor grade and cytoplasmic and membranous expression of
ANXAL. Cytoplasmic and/or membranous ANXAL positive
tumor cells showed higher nuclear pleomorphism, suggesting
that nuclear morphology is affected by cytoplasmic and/or mem-
branous ANXA1 level. The relationship between ANXA1 ex-
pression and tumor recurrence was studied on 77 patients who
underwent transurethral resection of bladder tumor, excluding
11 patients who underwent radical cystectomy, and there was
no cortelation between any subcellular ANXA1 expression and
recurrence.

Wang et al.*® studied ANXA1 cytoplasmic expression in eso-
phageal cancer and found correlation between high level of cy-
toplasmic ANXA1 in esophageal and esophagogastric adeno-
carcinoma with high pathologic T stage and poor overall sur-
vival. They suggested that ANXAL is a substrate for epidermal
growth factor receptor (EGFR), and may exert its effect on eso-
phageal adenocarcinoma by promoting the role of EGFR in ce

/26 found pro-

llular proliferation and differentiation. Alves ¢ a
gressive migration of ANXAI from the nucleus towards the
membrane during laryngeal tumorigenesis, and suggested tran-
slocation of ANXA1 is affected by impaired calcium levels and
other factors dependent upon phosphorylation in tumor cells.
In contrast, Lin ef 2/."® reported cases of ANXA1 nuclear stain-
ing that were significantly increased in oral SCC compared to
oral epithelial dysplasia, and suggested nuclear localization of

ANXAL1 would be a significant predictor of poor overall sur-
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vival. They showed that oral cancer SAS cells treated with he-
patocyte growth factor induced ANXA1 translocation from the
cytoplasm to nucleus. These contradictory data suggest that the
role of ANXAI is complicated in the oncogenic process with
organ or cell specific manner, and factors other than ANXAI
expression level may affect ANXALI function. Further studies
focused on investigating the association between ANXA1 and
other oncogenic markers, such as EGFR, FGFR3, p53 and RB
in UC are needed to elucidate its action mechanism.

In conclusion, this study reveals the initial loss of ANXAI in
CIS and increasing ANXAL level as CIS progresses to UC, sug-
gesting that ANXA1 dysregulation is associated with bladder
carcinogenesis. Higher cytoplasmic and membranous ANXA1
expression is correlated with higher tumor grade in UC. As such
ANXAI may be a potential differentiation marker of UC.

REFERENCES

1. Emst JD, Mall A, Chew G. Annexins possess functionally distin-
guishable Ca2+ and phospholipid binding domains. Biochem Bio-
phys Res Commun 1994; 200: 867-76.

2. Raynal P, Pollard HB. Annexins: the problem of assessing the bio-
logical role for a gene family of multifunctional calcium- and phos-
pholipid-binding proteins. Biochim Biophys Acta 1994; 1197: 63-93.

3. Northup JK, Valentine-Braun KA, Johnson LK, Severson DL, Hol-
lenberg MD. Evaluation of the antiinflammatory and phospholi-
pase-inhibitory activity of calpactin II/lipocortin L. ] Clin Invest 1988;
82:1347-52.

4. Errasfa M, Bachelet M, Russo-Marie F. Inhibition of phospholipase
A2 activity of guinea-pig alveolar macrophages by lipocortin-like
proteins purified from mice lung. Biochem Biophys Res Commun
1988; 153: 1267-70.

5. Croxtall ], Flower R, Perretti M. The role of lipocortin 1 in the regu-
lation of A549 cell proliferation and leukocyte migration. J Lipid
Mediat 1993; 6: 295-302.

6. Sakamoto T, Repasky WT, Uchida K, Hirata A, Hirata F. Modula-
tion of cell death pathways to apoptosis and necrosis of HOx-treat-
ed rat thymocytes by lipocortin I. Biochem Biophys Res Commun
1996; 220: 643-7.

7. Frey BM, Reber BF, Vishwanath BS, Escher G, Frey FJ. Annexin I
modulates cell functions by controlling intracellular calcium re-
lease. FASEB ] 1999; 13: 2235-45.

8. Hsiang CH, Tunoda T, Whang YE, Tyson DR, Ornstein DK. The
impact of altered annexin I protein levels on apoptosis and signal

transduction pathways in prostate cancer cells. Prostate 2006; 66:



68

1413-24.

9. Masaki T, Tokuda M, Ohnishi M, et al. Enhanced expression of the
protein kinase substrate annexin in human hepatocellular carcino-
ma. Hepatology 1996; 24: 72-81.

10. Bai XE, Ni XG, Zhao F, et al. Overexpression of annexin 1 in pancre-
atic cancer and its clinical significance. World ] Gastroenterol 2004;
10: 1466-70.

11. Falini B, Tiacci E, Liso A, et al. Simple diagnostic assay for hairy cell
leukaemia by immunocytochemical detection of annexin A1 (ANX
Al). Lancet 2004; 363: 1869-70.

12. Paweletz CP, Ornstein DK, Roth M]J, et al. Loss of annexin 1 corre-
lates with early onset of tumorigenesis in esophageal and prostate
carcinoma. Cancer Res 2000; 60: 6293-7.

13. Kang JS, Calvo BF, Maygarden SJ, Caskey LS, Mohler JL, Ornstein
DK. Dysregulation of annexin I protein expression in high-grade
prostatic intraepithelial neoplasia and prostate cancer. Clin Cancer
Res 2002; 8: 117-23.

14. Vishwanatha JK; Salazar E, Gopalakrishnan VK. Absence of annex-
in I expression in B-cell non-Hodgkin’s lymphomas and cell lines.
BMC Cancer 2004; 4: 8.

15. Silistino-Souza R, Rodrigues-Lisoni FC, Cury PM, et al. Annexin 1:
differential expression in tumor and mast cells in human larynx
cancer. Int ] Cancer 2007; 120: 2582-9.

16. Mohiti ], Caswell AM, Walker JH. The nuclear location of annexin
V in the human osteosarcoma cell line MG-63 depends on serum
factors and tyrosine kinase signaling pathways. Exp Cell Res 1997;
234:98-104.

17. Radke S, Austermann J, Russo-Marie F, Gerke V, Rescher U. Specif-
ic association of annexin 1 with plasma membrane-resident and in-
ternalized EGF receptors mediated through the protein core do-
main. FEBS Lett 2004; 578: 95-8.

18. Lin CY, Jeng YM, Chou HY, et al. Nuclear localization of annexin

Hojung Lee - Seung Kyu Choi - Young Ok Hong, et al.

Al is a prognostic factor in oral squamous cell carcinoma. J Surg
Oncol 2008; 97: 544-50.

19. Nomura H, Uzawa K, Yamano Y, ef al. Down-regulation of plasma
membranous annexin Al protein expression in premalignant and
malignant lesions of the oral cavity: correlation with epithelial dif-
ferentiation. ] Cancer Res Clin Oncol 2009; 135: 943-9.

20. Jemal A, Siegel R, Ward E, Murray T, Xu ], Thun M]. Cancer statis-
tics, 2007. CA Cancer J Clin 2007; 57: 43-66.

21. Baris D, Karagas MR, Verrill C, ef al. A case-control study of smok-
ing and bladder cancer risk: emergent patterns over time. ] Natl
Cancer Inst 2009; 101: 1553-61.

22. Wu XR. Urothelial tumorigenesis: a tale of divergent pathways. Nat
Rev Cancer 2005; 5: 713-25.

23. Cui L, Wang Y, Shi Y, et al. Overexpression of annexin al induced
by terephthalic acid calculi in rat bladder cancer. Proteomics 2007; 7:
4192-202.

24. Li CF, Shen KH, Huang LC, Huang HY, Wang YH, Wu TF. Annex-
in-I overexpression is associated with tumour progression and in-
dependently predicts inferior disease-specific and metastasis-free
survival in urinary bladder urothelial carcinoma. Pathology 2010;
42:43-9.

25. Dreier R, Schmid KW, Gerke V, Riehemann K. Differential expres-
sion of annexins I, IT and IV in human tissues: an immunohisto-
chemical study. Histochem Cell Biol 1998; 110: 137-48.

26. Alves VA, Nonogaki S, Cury PM, et al. Annexin A1 subcellular ex-
pression in laryngeal squamous cell carcinoma. Histopathology
2008; 53: 715-27.

27. Lim LH, Pervaiz S. Annexin 1: the new face of an old molecule.
FASEB ] 2007; 21: 968-75.

28. Wang KL, Wu TT, Resetkova E, et al. Expression of annexin Al in
esophageal and esophagogastric junction adenocarcinomas: associ-
ation with poor outcome. Clin Cancer Res 2006; 12: 4598-604.



