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Abstract 
The creation of a cancer cell could be due to reactivation of repressed gene in the process of normal embryonic development. The differences 
in embryonic origins and functions of various components of nephron may contribute to the diversity of morphological patterns, molecular 
and immunohistochemical phenotypes of common renal neoplasms. Renal cell carcinomas (RCCs) are the most common amongst the 
genitourinary cancers. Annexin A2 (AnxA2) is a multifunctional calcium-regulated phospholipids-binding protein found in a subset of renal 
neoplasms. Since the tumor cells usually recapitulate embryonic cells, we studied the ontogeny of AnxA2 in developing renal tissues and 
compared it with those of normal adult RCCs, to better understand their role in renal development and tumorigenesis. AnxA2 immunoexpression 
was evaluated by immunohistochemistry from various autopsied fetuses, mature kidney and renal cancer tissue specimens. The study 
showed moderate membranous AnxA2 immunoexpression in the ureteric buds and collecting tubules of fetal kidneys (in all gestational ages) 
and in the collecting ducts of adult normal renal tissues. It is not often expressed in the proximal convoluted tubules of normal adult kidney; 
however, younger fetal kidneys show moderate AnxA2 immunoexpression in the proximal convoluted tubules (thought to be the origin of 
RCC) and the reappearance of strong membranous AnxA2 immunoexpression in the clear cell carcinoma is suggesting a deregulation of the 
gene during tumorigenesis. The understanding of the AnxA2 molecular immunoexpression pattern during development, its specific function 
and deregulated immunoexpression in different renal carcinoma types indicates the decisive role of AnxA2 in the cancer progression. 
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 Introduction 

The pre-embryonic, embryonic and fetal periods of 
human renal development are characterized by three 
successive primitive forms of excretory system, the pro-
nephros, mesonephros and metanephros. The metanephros 
(primordial layer of permanent kidney) develops from the 
nephrogenic cord of intermediate mesoderm by reciprocal 
inductive interactions between the ureteric bud and meta-
nephric blastema, with the formation of filtration units 
(nephrons) of adult kidney [1, 2]. The metanephric blastemal 
cell condenses to form nephrogenic vesicles, S-shaped 
bodies. The invagination of capillaries (in situ formed) 
into the nephrogenic vesicles helps in the formation of 
glomerulus; the elongation of the limbs of nephrogenic 
vesicles differentiate into proximal and distal tubules 
and loop of Henle (LOH). The ureteric bud progresses to 
form the collecting tubules, ureters and renal pelvis [3]. 
This process of tubulogenesis and branching morpho-
genesis is under the influence of many growth factors 

and signaling molecules, involving more than 300 genes 
[4]. The Wilm’s tumor suppressor gene 1 (WT1) stimulates 
the ureteric bud to induce differentiation and branching 
by regulating the production of glial cell line-derived 
neurotrophic factor (GDNF) and hepatocyte growth factor 
(HGF). Fibroblast growth factor 2 (FGF2) and bone 
morphogenetic protein 7 (BMP7) are known to block 
apoptosis and further aid in the proliferation of the 
metanephric mesenchyme. Paired-box 2 (PAX2) gene 
and wingless-related (WNT4) upregulation promotes the 
differentiation of mesenchyme into nephron epithelium [5]. 

Annexin A2 (AnxA2, p36) belongs to a family of 
calcium (Ca2+)-sensitive phospholipid-binding proteins. 
It has been recognized to play roles in a wide range of 
biological processes, such as: angiogenesis, proliferation, 
apoptosis, cell migration, invasion, adhesion, exocytosis, 
endocytosis, membrane organization, ion channel conduc-
tance and linkage of F-actin cytoskeleton to the plasma 
membrane, based on its localization [6]. 
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Dysregulation and atypical expression of this 36-kDa 
protein has been linked to a wide spectrum of cancers, 
emphasizing its participation in tumor cells: adhesion, 
proliferation, invasion, metastasis and neovascularization 
[7]. 

Renal cell carcinoma (RCC) accounts for approximately 
3% of all human malignancies and remains a major health 
issue due to an increase in incidence and mortality rates 
[8]. Its heterogeneous nature is due to the overlapping of 
its histomorphological features among its variants [e.g., 
chromophobe RCC, oncocytoma, granular variant of clear 
cell RCC (CCRCC), collecting duct RCC] [9]. Diagnosis 
and treatment of RCC still remain a challenging tasks  
to healthcare personnel and biomarkers could be helpful 
in achieving these goals. Currently, imaging biomarkers 
[e.g., positron emission tomography/computed tomography 
(PET/CT) with radiotracers, magnetic resonance imaging 
(MRI) perfusion and MRI diffusion], texture analysis, 
radiomics, serum biomarkers [e.g., vascular endothelial 
growth factor (VEGF), interleukin 6, urine biomarkers, 
neutrophil gelatinase-associated lipocalin (NGAL) and 
kidney injury molecule-1 (KIM-1)], tissue biomarkers 
[e.g., PAX8 and PAX2 transcription factors, vimentin, 
cytokeratin 7 (CK7), c-kit, cathepsin K] are being studied 
in order to understand the characteristics of RCC [10]. 

Differential expression of many genes have been explo-
red: neurogenic locus notch homolog protein (NOTCH), 
sonic Hedgehog (SHH), wingless-type (WNT), WT1, 
PAX2 and LIM homeobox protein 1 (LIM1) have been 
identified in the past as participants in nephrogenesis 
molecular pathways/networks, with their re-expression 
in human renal tumors [11]. 

Although AnxA2 has been studied in a wide variety 
of tissues, limited data is provided on its localization in 
the human fetal and adult kidney [6, 7, 12]. Belonging to 
the Ca2+-dependent phospholipid-binding protein family, 
AnxA2 has cell adhesive property and largely participates 
in the transport across ion channels [7, 13]. These 
properties of AnxA2 are presumably essential for both 
the development and functioning of normal adult kidney. 

Since the behavior and molecular basis of cancer 
largely mimics the development of embryo, we tried  
to study the expression pattern of this Ca2+-dependent 
phospholipid-binding protein AnxA2 in the renal develop-
ment, normal functioning and during cancer progression, 
in an attempt to elucidate its potential role during 
development and thus provide an insight into kidney 
tumorigenesis and metastasis. Understanding RCC from 
the perspective of developmental biology could pave  
the way to newer therapeutic avenues and may further 
strengthen the support in making major clinical decisions. 

 Materials and Methods 

Sample collection 

This work was approved by the institutional Ethics 
Committee, Shri Dharmasthala Manjunatheshwara College 
of Medical Sciences and Hospital, Dharwad, India. 

Paraffin-embedded renal tissues were collected from 
the Archives of the Department of Pathology, and comprised 
42 fetal renal tissue samples of gestational age (ranging 
from 14 to 40 weeks) and 37 renal cancer tissue samples. 

Thirty-seven normal adult renal tissues were collected 
by cadavers donated to the Department of Anatomy and 
were subjected to tissue processing. Five-μm thick sections 
were obtained from the paraffin-embedded tissue blocks 
and were stained with Hematoxylin–Eosin (HE) to study: 
(a) the histogenesis of fetal kidney in various phases of fetal 
development; (b) the normal histological architecture of 
mature kidney; (c) the types of RCC, to confirm the original 
diagnosis, before performing immunohistochemistry. All 
the fetal and adult renal tissues underwent histopathological 
assessment to exclude any microscopic abnormalities and 
affirm the histological diagnosis of tumors. Tumors were 
graded according to Fuhrman et al. [14]. 

The immunohistochemical (IHC) detection of AnxA2 
was performed as described previously [15]. Primary 
antibody against AnxA2 (1:100 dilution) was purchased 
from Santa Cruz Biotechnology Inc. (SantaCruz, CA, USA, 
Catalogue No. Annexin II (H-50): sc-9061]. Anti-AnxA2 
primary antibody was replaced by anti-rabbit immuno-
globulin G (IgG) whole molecule (Sigma-Aldrich, USA, 
Catalogue No. A0545), at 1:1000 dilution, as negative 
control, while triple negative breast cancer cell sections 
were used as positive controls [16]. Tissue sections 
immunostained with anti-AnxA2 antibody were graded 
based on: (a) the patterns of their immunoexpression (M – 
membranous, C – cytoplasmic, N – nuclear, Mx – mixed: 
cytoplasmic and membranous) [17]; (b) the percentage 
of immunoreactive cells (0 – no staining, 1–10% as 1, 
11–50% as 2, 51–70% as 3, 71–100% as 4); (c) intensity 
of staining [0 – no color, (1+) weak brown, (2+) moderate 
brown, (3+) dense brown, strong immunoexpression] [18]. 
The intensity and the percentage scores were multiplied. 
A score of more than (3) was considered significant. 
Pathology scoring of AnxA2 immunostaining pattern was 
performed by two independent observers. 

Statistical analysis 

Using GraphPad Prism7 software, the χ2 (chi-square) 
test was employed to determine the significance of differ-
ences between groups for categorical data. The statistical 
significance was set at 5% level (p≤0.05, α<0.05). AnxA2 
immunoexpression in the collecting ducts, the collecting 
tubular cells of fetal kidney at various gestational ages 
of fetus and mature adult kidney were compared. AnxA2 
immunoexpression in the proximal tubular cells of fetal 
kidney was also compared to the immunoexpression status 
in that of adult and tumor cells of CCRCC using one-way 
analysis of variance (ANOVA). 

 Results 

In the current study, we divided the fetal kidneys into 
three developmental groups. The first group comprised 
fetal kidneys in stage 2 (14–22 weeks, n=15), during 
which the ureteric bud ceases to branch and each ampulla 
induces the formation of six to eight nephrons; this is a 
period of nephron arcade formation. The second group 
comprised fetal kidneys in stage 3 (22–36 weeks, n=13), 
that showed the last formed nephrons in the nephrogenic 
zone of fetal kidney with less than 36 weeks. The third 
group comprised fetal kidneys in stage 4 (36 weeks 
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onwards to adult life, n=14), a stage of pure growth, 
with no new formation of nephrons [3]. Fetal kidneys in 
the first stage of development (7 to 14 weeks), in which 
the ureteric bud branches for six to eight generation, 
inducing the formation of new nephrons, were not included, 
due to the difficulty in obtaining the renal tissue from the 
aborted fetuses. This classification was followed to check 
the changes in the AnxA2 immunoexpression pattern at 
various stages of nephronogenesis. 

AnxA2 in ureteric buds and collecting  
ducts of fetal kidneys 

The nephrogenic zone (nz) was comprised of primitive 
forms of nephrons, such as renal vesicles (rv) and S-
shaped bodies (S), capillary loop (C) and also the ureteric 
bud (ub) (lined by cuboidal cells forming the collecting 
component of mammalian kidney) [19] (Figure 1a). The 

cortex demonstrated mature glomeruli (mg), developing 
proximal tubular cells (pt) and distal tubular cells (dt) and 
a differentiating medulla showing ‘ub’ derived developing 
collecting duct cells (cd) (Figure 1b). AnxA2 immuno-
staining of renal cortex of fetal kidneys from 14 to 22 
weeks of gestation (nine out of 15 cases) revealed moderate 
cytoplasmic positivity in the developing ‘pt’ (p<0.0001) 
(Figure 1c). At all-time points, a moderate to strong AnxA2 
immunoexpression was observed in the membranes and 
cytoplasm of ‘ub’ (as recognized up to 32 weeks of 
gestation), developing collecting tubules (ct) and ‘cd’, 
endothelial cell lining blood vessels of all fetal renal 
tissues (Figure 1, c and d). As shown in Figure 1 (e and f), 
the immunoexpression was stronger in the membrane 
facing the lumens of ‘ub’ and ‘cd’. AnxA2 immuno-
localization was rarely seen in the immature forms of 
glomeruli derived from metanephric blastema. 

 
Figure 1 – AnxA2 immunoexpression pattern in developing human kidney at 14-week gestational age: (a) HE staining 
showing a renal capsule (rc), nephrogenic zone (nz) and differentiating outer cortex. Condensations of metanephric 
blastemal cells with slit-like cavity (renal vesicles – rv) besides the dilated tips of ureteric bud (ub) are seen in the 
nephrogenic zone. Developing proximal tubular cells (pt), distal tubular cells (dt) and mature glomeruli (mg) in the 
deeper part of cortex; (b) HE staining of differentiating renal medulla showing developing collecting duct cells (cd) 
lined by tall columnar epithelium; (c) Embryonic kidney showing moderate AnxA2 immunoreactivity in the ‘ub’ 
(membranous), cytoplasmic immunoreactivity in ‘pt’; (d) AnxA2 immunoreactivity seen in developing ‘cd’; (e) Moderate 
(2+) immunostaining for AnxA2 observed in the membranes of the cells lining the ‘ub’; (f) ‘cd’ showing strong AnxA2 
immunoexpression in the membranes facing the lumen. HE staining: (a and b) ×100 – Scale bar = 200 μm. Anti-
AnxA2 antibody immunostaining: (c and d) ×100 – Scale bar = 200 μm; (e and f) ×400 – Scale bar = 50 μm. AnxA2: 
Annexin A2; HE: Hematoxylin–Eosin. 

Decline of the AnxA2 immunoexpression  
in proximal tubular cells 

A single section of fetal kidney at third stage of 
development shows the nephrogenic zone (nz) with: 
‘rv’, ‘S’, ‘ub’, developing ‘mg’ – at various stages of 
maturation –, ‘pt’, ‘dt’, LOH, thick limb of LOH (T) and 
thin limb of LOH (t), and ‘cd’ (Figure 2, a and b). ‘ub’ 
and ‘cd’ continued to express AnxA2, as shown in Figure 2 
(c–f); however, a decline of the AnxA2 immunoexpression 
in ‘pt’ was observed in fetal kidneys in third and fourth 
stages of nephron development (Figure 2c). The primitive 

forms of immature glomerulus, such as the ‘rv’, ‘S’, in the 
nephrogenic zone showed either mild AnxA2 immuno-
staining or absence of AnxA2, as shown in Figure 2c. 

Unswerving immunoexpression of AnxA2 in 
the collecting tubular and duct cells 

At the fourth stage of nephron development, the cortex 
appeared more mature with an increase in volume of 
glomeruli and an increase in tortuosity of ‘pt’ and ‘dt’ 
(Figure 3a), as well as a differentiated medulla, as shown 
in Figure 3b [3]. IHC staining of these sections of fetal 
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kidney showed a consistent AnxA2 immunoexpression 
in the ‘ct’ and ‘cd’ (Figure 3, c–f) (p=0.0001). The cells 

of renal corpuscles, ‘dt’, LOH showed weak to moderate 
AnxA2 immunoexpression in fewer cases. 

 
Figure 2 – AnxA2 immunostaining of developing human kidney at 24 weeks of gestation: (a) HE staining of embryonic 
kidney showing outer renal cortex with renal capsule (rc), nephrogenic zone (nz), ureteric bud (ub), renal vesicle (rv), 
S-shaped bodies (S), mature glomeruli (mg), proximal tubular cells (pt), and distal tubular cells (dt); (b) HE staining of 
inner renal medulla, demonstrating the developing collecting duct cells (cd), thick LOH (T), thin LOH (t), and blood 
capillaries; (c and e) AnxA2 mild immunostaining (1+) in the ‘pt’ and moderate (2+) immunostaining in the ‘ub’ cells; 
(d and f) ‘cd’ in the medulla showing moderate to strong AnxA2 immunostaining. HE staining: (a and b) ×100 – Scale 
bar = 200 μm. Anti-AnxA2 antibody immunostaining: (c and d) ×100 – Scale bar = 200 μm; (e and f) ×400 – Scale bar 
= 50 μm. AnxA2: Annexin A2; HE: Hematoxylin–Eosin; LOH: Loop of Henle. 

 
Figure 3 – AnxA2 immunostaining of developing human kidney at 36-week gestational age: (a) HE staining of fetal 
renal cortex showing numerous maturing tubules, proximal tubular cells (pt), distal tubular cells (dt) and mature 
glomeruli (mg); (b) HE staining of well-differentiated fetal renal medulla showing numerous tubules, such as collecting 
duct cells (cd), thick LOH (T) and thin LOH (t); (c and e) Moderate immunoexpression of AnxA2 can be appreciated 
in the cortical collecting tubules (ct); (d and f) Moderate AnxA2 immunostaining in the membranes of ‘cd’ and ‘t’. 
HE staining: (a and b) ×100 – Scale bar = 200 μm. Anti-AnxA2 antibody immunostaining: (c and d) ×100 – Scale bar 
= 200 μm; (e and f) ×400 – Scale bar = 50 μm. AnxA2: Annexin A2; HE: Hematoxylin–Eosin; LOH: Loop of Henle. 
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Lack of AnxA2 immunoexpression in 
proximal tubules of adult kidneys 

The renal cortex is identified by the presence of renal 
corpuscles (RC), proximal convoluted tubules (PT) and 
distal convoluted tubules (DT), as depicted in Figure 4a. 
PT, usually found as a continuation of renal corpuscle, is 
a coiled tube lined by cuboidal brush-bordered epithelium 
and intensely stained cytoplasm, whereas the DT is a 
continuation of ascending limb of LOH, found amongst 
the PT, and clearly differentiated from the latter by the 
absence of brush border and a defined lumen, as depicted 
in Figure 4a. Medulla is distinguished by the presence of 
collecting tubules (lined by cuboidal epithelium, and a 
less regular lumen), collecting ducts (lined by columnar 

epithelium), the thick limb of LOH (T) and thin limb of 
LOH (t) (lined by cuboidal and squamous epithelium, 
respectively) and blood vessels (Figure 4b) [20]. All of 
the cases treated with anti-AnxA2 antibody showed either 
no staining or very little staining of PT epithelial cells 
(1+) (Figure 4, c and e). The cells of DT, LOH exhibited 
AnxA2 immunopositivity (2+) in fewer cases. Out of the 
37 normal adult kidneys immunostained, AnxA2 immuno-
expression remained constant in the membranes and 
cytoplasm of collecting ducts and endothelial cells of 
arterioles and blood capillaries (2+) (Figure 4, d and f). 
AnxA2 was detected in the mesangial cells, podocytes 
and parietal cells of RC (2+), in fewer normal renal 
tissues. 

 
Figure 4 – AnxA2 immunostaining of mature adult kidney: (a) HE staining of adult kidney cortex occupied by many 
proximal tubular (PT) cells lined by cuboidal cells, strongly eosinophilic cytoplasm and presence of microvili. Few pale 
staining distal tubular (DT) cells lined with cuboidal cells and absence of microvilli amidst the renal corpuscles (RC); 
(b) HE staining of adult kidney medulla showing mature tubules, such as the collecting tubule (ct), thin limb of LOH (t) 
and thick limb of LOH (T); (c and e) AnxA2 immunoexpression in adult renal cortex shows absence of immunostaining 
in the PT cells and mild to moderate immunostaining in fewer DT cells and blood vessels; (d and f) AnxA2 moderate 
immunostaining in the medulla is restricted to ‘ct’ cells. HE staining: (a and b) ×100 – Scale bar = 200 μm. Anti-AnxA2 
antibody immunostaining: (c and d) ×100 – Scale bar = 200 μm; (e and f) ×400 – Scale bar = 50 μm. AnxA2: Annexin A2; 
HE: Hematoxylin–Eosin; LOH: Loop of Henle. 

AnxA2 immunoexpression increases with 
the progression of CCRCC 

IHC staining of normal parts of adult kidneys showed 
either absence or mild AnxA2 immunostaining of PT 
cells, as shown in Figure 5 (b and c). However, our study 
comprised predominantly CCRCC cells. The growth 
patterns of CCRCC varied from typical solid, acinar to 
tubular, cystic and pseudopapillary type. The tumor cells 
either presented themselves with clear cytoplasm or admixed 
with eosinophilic or granular cytoplasm (Figure 5, d, g, 
and j) [21]. Evaluating AnxA2 immunoexpression in 
CCRCC tumor cells showed primarily membranous, 
nuclear and cytoplasmic reactivity. While grade I tumors 
showed mild AnxA2 immunopositivity (Figure 5, e and f), 
the immunostaining intensity increased in grade II and 

grade III CCRCCs (2+) with tumor progression (Figure 5, 
h, i, k and l). 

AnxA2 immunoexpression in variants of RCC 

Adult normal kidney collecting tubule demonstrated 
moderate AnxA2 immunostaining and null immuno-
expression in the PT (Figure 6, b and c). The respective 
immunoexpression was compared with the tumor cells of 
papillary RCC. The growth pattern of papillary RCC is 
either papillary or tubulopapillary type [21]. It is histo-
logically differentiated as type I, tumor cells presents 
with basophilic cytoplasm, low-grade nuclei and absence 
of nuclear pseudostratification. Type II tumor cells having 
eosinophilic cytoplasm, high-grade nuclei with pseudo-
stratification, as shown in Figure 6d [22]. In all the cases of 
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papillary RCC studied, tumor cells were AnxA2 immuno-
negative, as demonstrated in Figure 6 (e and f). 

The adult kidney collecting duct cells showed moderate 
cytoplasmic and membranous AnxA2 immunostaining, 
as demonstrated in Figure 7 (a–c). HE staining of collecting 
duct carcinoma was characterized by glandular or papillary 
growth pattern (Figure 7d) [21]. Tumor cells of collecting 
duct carcinoma showed strong AnxA2 immunostaining 
(3+), as depicted in Figure 7 (e and f). Chromophobe 
RCC consisted of either solid sheets of cells separated by 
hyalinized blood vessels, or of large cells with reticulated 
cytoplasm and small cells with granular cytoplasm. The 
tumor cells exhibited nuclear wrinkling and distinct cell 
membranes in HE-stained tumor sections (Figure 7g) [21]. 
Chromophobe RCC revealed moderate to intense AnxA2 
immunostaining (3+), as shown in Figure 7 (h and i). 
Oncocytomas largely mimic chromophobe RCC histo-

logically, however these tumor cells consisted of deeply 
eosinophilic cytoplasm, centrally located nuclei with 
smooth margin (Figure 7j) [22]. In all studied cases  
of oncocytoma, tumor cells demonstrated mild AnxA2 
immunostaining (2+), as depicted in Figure 7l. 

We retrospectively compared the immunoexpression 
of AnxA2 in the PT of fetal kidney at different stages of 
development with the AnxA2 immunostaining of increasing 
grades CCRCC tumor cells (Figure 8A, a–f). The expression 
of the protein in the PT cells of fetal kidneys at earlier 
gestational weeks was obvious and the further reappearance 
of AnxA2 in the tumor cells supports the precedential 
theory. Though both CCRCC and papillary RCC have 
similar embryonic origin (PT cells), AnxA2 gene mutation 
could be speculated only for CCRCC, in papillary RCC 
an inactivation of AnxA2 gene may be most probably 
implicated. 

 
Figure 5 – AnxA2 immunostaining of CCRCC: (a) HE staining of normal adult renal cortex showing renal corpuscles 
(RC), proximal tubular (PT) cells and distal tubular (DT) cells; (b and c) AnxA2 immunostaining of normal adult 
renal cortex demonstrating lack of immunostaining in the PT cells; (d) HE staining of grade I CCRCC; (e and f) Mild 
AnxA2 immunostaining in the tumor cells and blood vessels of grade I CCRCC; (g) HE staining of grade II CCRCC; 
(h and i) Moderate to strong AnxA2 immunoexpression can be appreciated in the tumor cells of grade II CCRCC;  
(j) HE staining of grade III CCRCC; (k and l) Moderate to strong AnxA2 immunoexpression demonstrated in the tumor 
cells of grade III CCRCC. HE staining: (a, d, g and j) ×100 – Scale bar = 200 μm. Anti-AnxA2 antibody immuno-
staining: (b, e, h and k) ×100 – Scale bar = 200 μm; (c, f, i and l) ×400 – Scale bar = 50 μm. AnxA2: Annexin A2; 
CCRCC: Clear cell renal cell carcinoma; HE: Hematoxylin–Eosin. 
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Figure 6 – AnxA2 immunostaining of papillary RCC: (a) HE staining of normal adult renal cortex showing numerous 
proximal tubular (PT) cells; (b and c) AnxA2 immunostaining of normal adult renal cortex demonstrating lack of 
immunostaining in the PT cells and moderate immunostaining in the collecting tubular cells; (d) HE staining of 
papillary RCC; (e and f) Absence of AnxA2 immunostaining in the tumor cells of papillary RCC. HE staining: (a, and b) 
×100 – Scale bar = 200 μm. Anti-AnxA2 antibody immunostaining: (c and d) ×100 – Scale bar = 200 μm; (e and f) ×400 – 
Scale bar = 50 μm. AnxA2: Annexin A2; RCC: Renal cell carcinoma; HE: Hematoxylin–Eosin. 

 
Figure 7 – AnxA2 immunostaining in variants of RCC: (a) HE staining of normal adult renal medulla showing mature 
tubules with collecting duct cells (cd); (b and c) AnxA2 immunostaining of normal adult renal medulla demonstrating 
moderate membranous and cytoplasmic immunostaining in ‘cd’; (d) HE staining of collecting duct RCC; (e and f) 
Strong immunostaining for AnxA2 in the tumor cells of collecting duct RCC; (g) HE staining of chromophobe RCC; 
(h and i) Strong immunoexpression of AnxA2 can be appreciated in the tumor cells of chromophobe RCC;. HE 
staining: (a, d, g and j) ×100 – Scale bar = 200 μm. Anti-AnxA2 antibody immunostaining: (b, e, h and k) ×100 – 
Scale bar = 200 μm; (c, f, i and l) ×400 – Scale bar = 50 μm. AnxA2: Annexin A2; RCC: Renal cell carcinoma; HE: 
Hematoxylin–Eosin. 
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Figure 7 (continued) – AnxA2 immunostaining in variants of RCC: (j) HE staining of oncocytoma; (k and l) Mild 
immunoexpression of AnxA2 demonstrated in the tumor cells of oncocytoma. HE staining: (a, d, g and j) ×100 – Scale 
bar = 200 μm. Anti-AnxA2 antibody immunostaining: (b, e, h and k) ×100 – Scale bar = 200 μm; (c, f, i and l) ×400 – 
Scale bar = 50 μm. AnxA2: Annexin A2; RCC: Renal cell carcinoma; HE: Hematoxylin–Eosin. 

 
Figure 8 – (A) Comparison of AnxA2 immunostaining 
in proximal tubular cells of fetal kidney with CCRCC 
tumor cells: (a) Moderate to strong immunostaining 
for AnxA2 in the cytoplasm of proximal tubular (PT) 
cells of fetal kidney, at 14 weeks of gestational age; 
(b) AnxA2 immunostaining of PT cells demonstrating 
mild cytoplasmic immunostaining in fetal kidney, at 24 
weeks of gestational age; (c) Lack of AnxA2 immuno-
staining in the PT cells of fetal kidney, at 36 weeks of 
gestation; (d–f) Mild to strong AnxA2 immunostaining 
of CCRCC tumor cells with progression of cancer from 
low grade to higher grade of poorly differentiated 
CCRCC. Anti-AnxA2 antibody immunostaining: (a–f) 
×400 – Scale bar = 50 μm. (B) Data were calculated as

average percentage of AnxA2 expressing cells in the PT cells of fetal, non-neoplastic adult tissues against CCRCC tumor 
cells, at different tumor grades. The percentage of AnxA2 immunopositive tumor cells increased with the increasing of 
tumor grade (p<0.0001). AnxA2: Annexin A2; CCRCC: Clear cell renal cell carcinoma. 

 
 Discussions 

Cancer cell orchestrates early embryonic cells. Both 
kinds of cells undergo deprogramming to become immortal 
and invasive [23]. Currently, developmental biologists are 
focused on the genes involved in the biological process of 
cell differentiation, as tumorigenesis is mainly thought 
to be due to the disruption of normal cell differentiation 
process controlled by various genes; mutations of such 
genes have a major role in tumor initiation and progression 
[24]. 

AnxA2 (36-kDa, lipocortin II) is a multifunctional Ca2+-
regulated phospholipid-binding protein present abundantly 
in endothelial, smooth muscle, trophoblast and few tumor 
cells [12]. AnxA2 functions as either a monomer or 
heterotetramer. The AnxA2–S100A10 heterotetramer 
interacts with cytoskeletal, membrane and extracellular 
matrix (ECM) regulating a wide variety of biological 
processes that includes tissue remodeling, ECM degradation, 

angiogenesis, actin cytoskeletal dynamics, endocytosis, 
exocytosis, cell–cell adhesion and cell polarity, thereby 
mediating regulatory effects on cell behavior [7, 25]. Kidney 
development is closely related to cell differentiation, 
proliferation and apoptosis, and in addition, reorganization 
of cytoskeleton of metanephric mesenchyme by the 
formation of cell-to-cell contacts and ECM interactions is 
leading to the completion of developmental program [26]. 

To understand the role of AnxA2 in human renal 
development and cancer, it is necessary to establish its 
localization in various developing renal structures. Our 
study on the AnxA2 ontogeny during renal development 
reveals that this molecule is expressed in the ureteric bud 
and its derivatives, such as the collecting tubules and 
collecting ducts at all-time points (as early as 12th week 
of gestation). AnxA2 immunoexpression often appeared 
within the cells or on the plasma membrane. In addition, 
moderate cytosolic AnxA2 immunoexpression was detected 
in the early developing PT. Similar immunoexpression 
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pattern was observed in one of the fetal kidney (not 
included in the study group) at 12th week of gestation, 
speculating a much earlier AnxA2 immunoexpression. 
Our study confirmed that AnxA2 immunoexpression in 
the PT, declined (1+) with increasing gestational age. 
Earlier works on the AnxA2 immunoexpression in animal 
models have emphasized its role in Ca2+ homeostasis. Ca2+ 
pulses, waves and gradients are involved in coordination of 
cell movements, axis specification during early vertebrate 
development. Recent recordings of Ca2+ wave in meta-
nephric blastemal cells of explanted rat embryonic kidney 
suggested the requirement of Ca2+ for kidney development. 
Gilbert et al. showed a restricted AnxA2 immunoexpression 
in the ureteric bud and collecting ducts of embryonic mouse 
kidney, indicating its participation in Ca2+ homeostasis 
via membrane traffic or regulation of ion channel activities 
in the developing permanent kidneys [27]. A study 
conducted to examine the relationship between dentin 
phosphoprotein and AnxA2 showed their membranous and 
cytosolic colocalization and physiological Ca2+-dependent 
binding in rat kidney ureteric bud cells, this likely indicating 
the participation of the molecule in Ca2+ transport [28]. 
Another member of annexin family, annexin IV, is also 
acknowledged to play important role in pronephros 
morphogenesis [27]. The cytosolic and membranous AnxA2 
immunoexpression is often involved in the regulation of 
actin cytoskeleton dynamics, endocytosis and exocytosis, 
cell–cell adhesion, cell polarity and endosome formation [7]. 

AnxA2 has specific roles in the kidney. In the collecting 
duct, it mediates cyclic adenosine monophosphate (cAMP)-
induced trafficking of aquaporin 2, while in the thick 
ascending limb (TAL) of Henle, it participates in the 
recruitment and activation of Na+–K+–2Cl– (NKCC2) 
cotransporter. NKCC2, responsible for urine concentration 
and systemic salt homeostasis interacts with AnxA2 in 
phosphorylation-dependent manner. The latter promotes 
its apical translocation in response to vasopressin signaling 
[29]. 

Several studies provide evidence of colocalization of 
AnxA2–S100A10 complex with transient receptor potential 
cation channel subfamily V member 5 (TRPV5) and 
TRPV6 Ca2+ channel in renal tubules, suggesting its role 
in apical ion transport in Madin–Darby canine kidney 
(MDCK) cells (an epithelial line with features of collecting 
ducts) and active Ca2+ reabsorption [13, 30]. Further, an 
association of the heterotetramer complex with neuroblast 
differentiation-associated protein (AHNAK) in the formation 
of cell-to-cell contacts and cell polarity in MDCK cells 
was observed [13]. Domoto et al. demonstrated the 
immunoexpression of both antigens (AnxA2 and S100A10) 
in the renal medulla of normal human kidney, primarily 
in the LOH, distal convoluted tubules and collecting duct 
cells [30]. Current study also demonstrated a similar 
immunoexpression pattern, AnxA2 being largely expressed 
in the endothelial cells, collecting tubules and collecting 
duct cells of the normal adult kidney, and occasional  
in the LOH and distal tubules cells, this suggesting a 
possible role of the protein in Ca2+ uptake from these 
nephron’ components. The lack of AnxA2 immuno-
expression in the PT of adult human kidney suggests 
that in these cells probably AnxA2 fails to play a role in 
structural organization of the membrane, housekeeping 
functions or regulation of the membrane intracellular 
traffic [31]. 

AnxA2 is expressed in a wide spectrum of cancer that 
includes: cervical, breast, hepatic, non-small cell lung 
carcinoma and multiple myeloma [32]. RCCs are the 
most common, amongst the genitourinary cancers, and 
AnxA2 has been found in a subset of renal neoplasms, 
such as CCRCC, papillary and chromophobe RCC [32]. 
AnxA2 monomer exists in the cell cytoplasm and nucleus 
and AnxA2 heterotetramer is present on the cell membrane. 
Nuclear AnxA2 is thought to promote deoxyribonucleic 
acid (DNA) replication and chromosomal instability, 
explaining the rapid tumor growth and resistance to 
chemotherapy [12]. When it is located on the extracellular 
surface, AnxA2, a natural ligand of S100A10, also promotes 
the formation of plasmin and active forms of matrix 
metalloproteinases, resulting in ECM degradation, with 
further membrane mediate cytoskeletal remodeling, thus 
permitting tumor invasion and metastases [7, 25, 30, 32]. 

Our findings corroborate earlier reports regarding the 
strong AnxA2 immunoexpression in cancer cell membranes 
of CCRCC [32]. While the tumor cells of chromophobe, 
collecting duct carcinoma and oncocytoma were AnxA2 
immunopositive, the tumor cells of papillary RCC were 
immunonegative. CCRCC and papillary RCC are thought 
to be derived from the PT epithelium, while chromophobe, 
collecting duct carcinoma and oncocytomas are derived 
from the ureteric bud [33]. This probably explains the 
variability of AnxA2 immunoexpression in different types 
of renal tumors. Accordingly, we observed the presence 
of AnxA2 immunoexpression in the normal renal epithelia 
of the distal tubules, LOH, collecting duct system, 
endothelial cells, but not in the PT (thought to be the 
origin of the most CCRCC), this possibly indicating a 
malignant transformation of the normal cells. 

 Conclusions 

Our study points towards AnxA2 immunoexpression 
in embryonic and neoplastic kidney that could be of 
clinical relevance in designing new standard markers 
against CCRCC and diseases attaining ureteric bud and 
embryonic collecting ducts. The membranous and cytosolic 
AnxA2 immunoexpression in the fetal and adult renal 
tubules may presumably play an essential regulatory 
role in the maintenance of cell–cell contacts, membrane 
cytoskeletal dynamics, Ca2+ homeostasis and other cell 
signaling events. If AnxA2 is not often expressed in the 
PT of normal adult kidney, fetal kidneys show moderate 
immunoexpression in the PT and a strong immunoexpression 
in the CCRCC, suggesting a deregulation of the gene 
during tumorigenesis. AnxA2 is also expressed in the 
ureteric bud and its derivatives, such as collecting tubules, 
collecting ducts and chromophobe, collecting duct RCC. 
The analysis of AnxA2 immunoexpression in the nascent, 
adult and neoplastic human kidney could be of interest 
to the developmental and cancer biologists in designating 
of molecular networks that could bridge the gap between 
the involvement of this molecule in the developing kidney 
and renal tumorigenesis. 
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