Int J Clin Exp Pathol 2010;3(2):147-155
www.ijcep.com /IJCEP909003

Original Article
Expression of AKR1C3 in renal cell carcinoma, papillary
urothelial carcinoma, and Wilms’ tumor
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Abstract: Human aldo-keto reductase (AKR) 1C3 is a monomeric cytoplasmic multifunctional enzyme that reduces
ketosteroids, ketoprostaglandins, and lipid aldehydes. AKR1C3 was initially identified as an enzyme involved in
steroid metabolism. However, immunohistochemistry has demonstrated AKR1C3 in normal adult kidneys with
expression in Bowman’ capsule, the mesangial cells, proximal and distal tubules, as well as mature urothelial
epithelium. The significance of its spatial distribution and metabolic activities in the kidney remains undefined. In
addition to its ability to catalyze steroid hormones (including androgen, desoxycorticosterone, and progesterone)
and involvement in prostaglandins metabolism, we suspect that AKR1C3 may function as a chemical barrier in
the renal tubules for normal function in mature kidneys. Moreover, AKR1C3 may represent a developmental
marker for some urological epithelial tissues. In this study, we demonstrate widespread expression of AKR1C3 in
renal neoplasms with a phenotype recapitulating mature kidney (i.e., renal cell carcinoma) and urothelium also
known as transitional epithelium (i.e., papillary urothelial carcinoma), but noted limited AKR1C3 expression in
renal neoplasms with a phenotype recapitulating embryonic kidneys (i.e., Wilms’ tumor). Our results suggest that
AKR1C3 may represent a developmental marker that is related to renal epithelium maturity.
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Introduction Natural substrates for the family enzymes in-

clude steroids, prostaglandins (PGs), and lipid

The aldo-keto reductases (AKRs) comprise a
functionally diverse 15 gene family [1]. Mem-
bers of the AKR superfamily are generally
monomeric (37 kD) cytosolic NAD(P)(H)-de-
pendent oxidoreductases that share a com-
mon (o/B)8-barrel structural motif and convert
carbonyl groups to primary or secondary alco-
hols (visit: www.med.upenn.edu/akr) [2]. Mem-
bers of the AKR1C family are involved in the
formation and removal of lipophilic hormones.

aldehydes [3]. In humans, at least four AKR1C
isoforms exist; namely AKR1C1 [20x(3a)-
hydroxysteroid dehydrogenase (HSD)] [4],
AKR1C2 (type 3 3a-HSD) [5, 6], AKR1C3 (type
2 3o/type 5 17B-HSD) [7, 8], and AKR1C4
(type 1 3a-HSD) [6].

Originally cloned from human prostate [8] and
placental cDNA libraries [9], AKR1C3 is known
to catalyze androgen, estrogen, and PG meta-

AKR, aldo-keto reductase ; HRP, horseradish peroxidase; HSD, hydroxysteroid dehydrogenase; MR,
mineralocorticoid receptor; PG, prostaglandin; PPARy, peroxisome proliferator activating receptor gamma; PR,
progesterone receptor; PUC, papillary urothelial carcinoma; RCC, renal cell carcinoma;WT, Wilms' tumor
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bolism by the enzyme's 3o-hydroxysteroid
dehydrogenase (HSD), 173-HSD, and 11-keto-
prostaglandin reductase activities, respectively
[8, 10, 11]. As a result, AKR1C3 is capable of
governing ligand access to various nuclear
receptors [12]. Deregulated expression of
AKR1C3 has been demonstrated in multiple
types of cancers, including myelodysplastic
syndrome (MDS, refractory anemia) [13],
breast cancer [14], endometrial cancer [15],
lung cancer [16], as well as localized [17, 18]
and advanced [19, 20] prostate cancer.

Renal neoplasms comprise a heterogenous
group of neoplasms with different phenotypic
profiles. Renal cell carcinoma (RCC) is a tumor
that recapitulates the phenotypic features of
mature renal tubules. It represents over 90%
of malignant renal neoplasms in both men and
women and is associated with several genetic
aberrations [21]. While RCC occurs only rarely
in children, Wilms' tumor (WT) is the most
common childhood renal neoplasm that rarely
occurs in adults. WTs accounts for 90% of
childhood renal malignancy and 6% of all pe-
diatric cancers [22]. Phenotypically, WTs
closely recapitulate features of the embryonic
kidney. Papillary urothelial carcinoma (PUC)
phenotypically recapitulate features of mature
urotheliuim [23] and is the most common ma-
lignant urinary bladder cancer in adults.

We have demonstrated AKR1C3 expression in
normal adult kidney [24]. AKR1C3 expression
is noted in Bowman’s capsule, mesangial
cells, convoluted tubules, and pelvic urothelial
epithelium. In this report, we demonstrate
positive AKR1C3 immunoreactivity in tumors
that recapitulate mature urogenital tissues,
namely RCC and PUC. In contrast, AKR1C3
immunoreactivity in WTs, a tumor that reca-
pitulates the embryonic kidney, varies from
sporadic to widespread. In particular, compo-
nents with tubule formation indicative of ma-
ture differentiation in WTs demonstrate the
strongest AKR1C3 immunoreactivity. These
results suggest that AKR1C3 might be involved
in embryonic development and maturation of
kidney and potentially represents a cell matu-
ration marker.

Materials and methods
Materials

Mouse anti-human AKR1C3 monoclonal anti-
body was produced as described [25]. Goat
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serum and stable diaminobenzidine tetra-
hydrochloride (DAB) were purchased from Invi-
trogen (Carlsbad, CA). Biotinylated goat anti-
mouse IgG antibody and horseradish per-
oxidase (HRP)-conjugated streptavidin were
obtained from Vector Laboratories (Burlin-
game, CA). Hematoxylin and permount
mounting media were obtained from Sigma-
Aldrich (St. Louis, MO).

Human Tissues

Archival, formalin fixed, paraffin embedded
human normal kidney, kidney cancer, and WT
samples were obtained from the Departments
of Pathology and Urology and the protocol was
approved by the University of Oklahoma Health
Sciences Center Institutional Review Board
(IRB).

Immunohistochemistry of Tissue Sections

Immunohistochemistry of human tissue sec-
tions followed our previously reported proce-
dures [18]. Briefly, tissue sections cut about 4-
6 um were mounted and baked at 60°C for 1
hr. Sections were de-paraffinized with xylene
and re-hydrated in graded ethanol followed by
rinses with 0.1 M Tris-HCI (pH 7.6). Endo-
genous peroxidase activity was blocked by
incubating the sections with 1.6% H202 in
methanol for 30 min. Antigen retrieval was
performed with 0.01 M sodium citric acid
buffer (pH 6.0) at 95°C for 1 hr. Non-specific
binding was blocked by incubating the tissue
sections with 0.1 M Tris-HCI containing 10%
goat serum for 2 hr. AKR1C3 was then de-
tected by incubated the sections with the
mouse anti-AKR1C3 monoclonal antibody
(clone NP6G6.AG) at a 1:200 dilution in the
above blocking solution, and incubated in a
moist chamber at 4°C overnight. Negative
controls were performed in parallel in the ab-
sence of the primary antibody. After washes
with 0.1 M Tris-HCI, the slides were incubated
with 1:400 dilution of biotinylated horse anti-
mouse secondary antibody and incubated at
room temperature for 2 hr. Following another
rinses with 0.1 M Tris-HCI, antibody binding
was detected by incubating the sectioins with
HRP-conjugated streptavidin at room tempera-
ture for 30 min. DAB-H202 substrate was
then added to the slides and incubated at
room temperature for an additional 4 min. Tis-
sue sections were counter stained lightly with
hematoxylin, dehydrated in graded alcohol,
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Table 1. Expression of AKR1C3 in renal cell carcinoma

Case Sex Age Subtype Fuhrman Positive Intensity
(year) Nuclear Grade (%)
1 M 79 Chromophobe 3 100% Medium
2 F 50 Clear cell 2 100% Strong
3 M 51 Papillary 3 100% Medium
4 M 64 Clear cell 3 100% Medium
5 M 58 Papillary 4 100% Medium
6 F 67 Clear cell 4 100% Strong
7 M 83 Clear cell 4 100% Medium
8 M 56 Clear cell 3 100% Strong
9 M 40 Clear cell 2 100% Strong
10 M 64 Clear cell 4 100% Medium
11 M 63 Clear cell 2 100% Strong
12 M 60 Clear cell 2 80% Weak
13 M 59 Clear cell 2 75% Strong
14 M 63 Clear cell 2 20% Weak
15 M 80 Clear cell 2 5% Medium
Table 2. Expression of AKR1C3 in papillary urothelial carcinoma
Case Sex Age (year) Grade Invasion Positive Intensity
(%)

1 M 51 Low No 100% Strong

2 M 58 Low No 100% Strong

3 M 53 High Focally invasive 100% Strong

4 M 60 High Invasive 100% Medium

5 M 78 Low No 100% Strong

6 F 56 High Invasive 100% Strong

7 F 72 High No 30% Strong

cleared in xylene, and mounted with Permount
Mounting Media for visualization by light-
microscopy.

Results
Expression of AKR1C3 in Adult RCC and PUC

Medium to strong immunoreactivity for
AKR1C3 was widely detected (over 75% of
tumor) in 86.6% (13 out of 15 cases) of the
RCC cases (Table 1). All except two (86.6%)
cases have medium to strong intensity of
staining. In the remaining two cases, 20% and
5% expression were demonstrated respec-
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tively. Both cytoplasmic and nuclear immuno-
reactivity were present in these cases (Figure
1A- C). The extent and intensity of immuno-
reactivity did not appear to be correlated with
the Fuhrman nuclear grade.

Similarly, 85.7% (6 out of 7) cases of PUC
cases demonstrated predominantly strong (5
out of the 6 positive cases) immunoreactivity
in practically all tumor cells (100% immuno-
reactive). In the remaining case, 30% of the
areas demonstrated strong immunoreactivity
(Table 2). Similar to RCC, both cytoplasmic and
nuclear immunoreactivity were present (Figure
1D- F). The extent and intensity of immuno-
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Figure 1. Spatial distribution of AKR1C3 in adult renal neoplasms. Strong immunoreactivity is demonstrated
in this clear cell renal cell carcinoma (A) and papillary renal cell carcinoma (B). In a minority of renal cell
carcinoma, the immunoreactivity is less strong and extensive (C). Immunoreactivities in non-invasive
papillary urothelial carcinoma (D) and invasive urothelial carcinoma (E) are also strong. Note that the stroma
(s) invaded by the tumor is negative. In a small number of urothelial carcinoma (F), negative areas are
present in some tumor cells (t) (Original magnification of images: 10X, inset: 60X).

reactivity did not appear to be correlated with
the pathological grade.

Expression of AKR1C3 in Pediatric WT

In contrast to RCC and PUC, the immunoreac-
tivity of AKR1C3 of WTs spanned a spectrum
from less than 5% to 100% positive immuno-
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reactivity; and the staining intensity varied
from weak to strong (Table 3) in our 14 cases.
In contrast to RCC and PUC cases where most
tumors demonstrated strong and widespread
immunoreactivity, 35.7% (5 cases) of the WTs
are negative or possessed an insignificant
amount (less than 5%) of staining. The distri-
bution of immunoreactivity varied from an en-
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Table 3. Expression of AKR1C3 in WT

Case Age Sex Positive (%) Intensity
(Year/Month/Day)

1 6Y F 100% Strong
2 8M 10D F 100% Moderate
3 3Y 10M F 50% Weak
4 1Y 6M F 50% Strong
5 2Y 11M F 50% Weak
6 3Y 6M F 20% Strong
7 4Y 5M F 20% Strong
8 3Y 10M F 10% Weak
9 4Y 6M F 10% Strong
10 6Y F 5% Weak
11 2Y 4M F 0% Negative
12 6Y M 0% Negative
13 3Y 11M F 0% Negative
14 Y F 0% Negative

tire area of solid staining (Figure 2A), to areas
with patchy staining (Figure 2B), to areas with
only occasional (Figure 2C), or sporadic stain-
ing (Figure 2D). The strongest immuno-
reactivity was encountered in areas that mimic
mature renal tubules (differentiation) forma-
tion. Paradoxically, some neoplastic tubules
with weak or negative immunoreactivity could
be found adjacent to neoplastic tubules with
strong immunoreactivity (Figure 2B). In tumors
with very limited immunoreactivity, the small
spindle cells are often the only positive cells
(Figure 2C D). Similar to RCC and PUC, both
nuclear and cytoplasmic staining patterns
were demonstrated (Figure 2A- D).

Expression of AKR1C3 in hyperplastic
nephrogenic rest

In one of the WT with less than 5% positive
immunoreactivity with only weak intensity, a
hyperplastic perilobar nephrogenic rest sepa-
rated from the main tumor was noted in the
residual non-neoplastic renal parenchyma.
Strong immunoreactivity was noted in cells
with tubule formation within the nephrogenic
rest, but the primitive blastemal cells within
the rest with epithelioid morphology varied
from positive to negative (Figure 2E, F). In con-
trast to the WTs, all neoplastic tubules in this
hyperplastic nephrogenic rest are strongly
positive.

In the residual non-neoplastic renal paren-

chymal tissue in our pediatric cases, we did
not observe any difference in immunoreactivity
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pattern from the normal adult kidney samples
(Figure 2E).

Discussion

This study demonstrated widespread immuno-
reactivity of AKR1C3 in neoplasms with pheno-
typic features of mature urogenital tissues,
namely renal tubules for RCC and urothelial
epithelium for PUC. In contrast, the expression
of AKR1C3 in WT, a tumor that recapitulates
features of embryonic kidneys varied from less
than 5% with weak reactivity to 100% with
strong reactivity. In WTs cases, the strongest
positive immunoreactivity was demonstrated
in neoplastic areas with tubule formation (dif-
ferentiation). Similarly, in the only case of
hyperplastic perilobar nephrogenic rest that
was included in this study, strongest immuno-
reacity appears in areas with tubule formation
(differentiation).

The monoclonal antibody used in this study
has been shown to possess monospecificity
against human AKR1C3 (clone #NP6.G6.A6)
[25]. There is a rabbit polyclonal antibody pre-
pared against a synthetic peptide corre-
sponding to the C-terminal (297-320 amino
acids) of human AKR1C3 [26]. However, the
polyclonal antibody has not been shown to be
monospecific for AKR1C3 by testing its
immunoreactivity against all known human
AKR1C isozymes. Human kidney expresses
AKR1C isoforms; and a difference in the speci-
ficity of the antibody may result in different
patterns in immunohistochemical staining.

Am J Transl Res 2010: 2: 147-155
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Figure 2. Spatial distribution of AKR1C3 in pediatric WTs. Immunoreactivity in Wilm's tumor varies from
diffusely and strongly positive (A) to patchy positivity (B) to occasional positivity (C) to scant single cell
reactivity (D) and totally negative (not shown). Strongest immunoreactivity is demonstrated in some areas
with tubule formation (B, inset). In the only case of hyperplastic nephrogenic rest (E and F), components with
tubule differentiation (t) are strongly reactive in contrast to the epithelioid component (e) without tubule
formation which is weakly positive to negative. The immunoreactivity in non-neoplastic parenchyma (np) is
similar to our previously described distribution (Original magnification of images: 10X, inset: 60X).

Human kidney is capable of producing and
metabolizing steroid hormones [27] and PGs
[28], and steroid hormones [29, 30] and PGs
[31-33] are important modulators for normal
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kidney development. As a multifunctional en-
zyme, AKR1C3 is capable of producing various
steroid and PG metabolites in the kidney. For
example, AKR1C3, via its 20-ketosteroid re-
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ductase activity, will metabolize the potent
mineralocorticoid desoxycorticosterone to its
20a-hydroxy inactive metabolite [34]. AKR1C3
has been shown by immunohistochemistry to
be expressed in the mineralocorticoid-
responsive epithelial cells of the renal cortical
and medullary ducts. The enzyme is thus
localized to protect the mineralocorticoid
receptor from desoxycorticosterone in the
kidney. In addition, AKR1C3 converts pro-
gesterone to 20a-hydroxy-progesterone within
the kidney [27], and the progesterone receptor
(PR) has been detected in fetal kidney be-
tween 11 and 21 gestational weeks [35]. En-
zymes capable of catalyzing steroid hormones
have also been shown to change with age and
maturation of the kidney of several animal
models [36, 37]. Both the rat and mouse kid-
ney show changes in related, though not iden-
tical, steroid metabolizing enzymes [36, 37]. It
is possible that the maturing human kidney
requires AKR1C3-mediated steroid and/or PG
metabolites for proper development. This
could account for the variable expression in
WT as it recapitulates the immature kidney.

It is also possible that AKR1C3 provides the
kidney a physical barrier in addition to the
chemical barriers. The physical barrier within
the kidney, particularly within the proximal and
distal tubules, is critical for proper water and
solute reabsorption as well as exclusion of
proteins from the urine. While currently no
data exists to demonstrate a direct involve-
ment of AKR1C3 in this capacity, its consistent
immunoreactive pattern leads to this possibil-
ity. Of particular note, is the absence of
AKR1C3 in the glomeruli, the most open por-
tion of the nephron. In contrast, within the
proximal and distal tubules, with selective wa-
ter and ion transport, AKR1C3 expression is
exceptionally strong; however, there is no
experimental data currently available to sup-
port this concept.

As we have shown in our prior study, AKR1C3
is widely expressed in renal tubules and
urothelial epithelium [24]. As RCC and PUC are
neoplasms that recapitulate the phenotypic
features of these two types of tissue respec-
tively, it is not surprising to find a high level of
expression of AKR1C3 in these tissues. In con-
trast, WTs demonstrate a wide spectrum of
differentiation of immature kidney from
blastemal to tubule differentiation. While vari-
able levels of AKR1C3 expression are present
in WTs with a spectrum of morphologic differ-
entiation, the strongest AKR1C3 immunoreac-
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tivities are observed in neoplastic tissue with
tubule differentiation which represents the
most advanced differentiation. AKR1C3 im-
munoreactivity is relatively weak in some
blastemal regions which represent the less
differentiated areas. Similar observations are
also noted in the only hyperplastic nephro-
genic rest in this study. Although the patho-
logical relationship between lack of AKR1C3
expression and WT remains unclear, our re-
sults suggest that AKR1C3 may represent a
protein predominantly expressed in mature
kidney tissue, and may be a marker of matura-
tion. Though impossible ethically, the ideal
approach to address this hypothesis is to
study human embryonic kidneys at different
stages of development, since AKR1C3 ho-
molog has not been identified in animal mod-
els [24].
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