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Abstract: Human aldo-keto reductase (AKR) 1C3, type 2 3a-hydroxysteroid dehydrogenase (HSC)/ type 5 17B-HSD, is
known to be involved in steroids, prostaglandins, and lipid aldehydes metabolism. The expression of AKR1C3 has
been demonstrated in hormone-dependent normal tissues such as breast, endometrium, prostate, and testis; and de
-regulated AKR1C3 expression has been shown in breast carcinoma, endometrial hyperplasia, endometrial carci-
noma, and prostate carcinoma. AKR1C3 expression has also been demonstrated in hormone-independent normal
tissues (renal tubules and urothelium) and neoplastic tissues (renal cell carcinoma, Wilm's tumor, and urothelial cell
carcinoma). Extensive expression of AKR1C3 in normal and neoplastic as well as hormone-dependent and hormone-
independent tissues indicates that AKR1C3 may have functions beyond steroid hormone metabolism. In this report,
we describe a widespread expression of AKR1C3 in glial neoplasms and meningiomas, with limited expression in
medulloblastoma and no expression in Schwannoma. These tumors, except meningioma, are not classically consid-
ered to be sex hormone-dependent or related brain tumors. The current results corroborate our earlier observations
that AKR1C3 is expressed in both sex hormone-dependent and hormone-independent malignancies. Similar to
AKR1C3 distribution in Wilm’s tumor, we also demonstrate that expression of AKR1C3 is reduced in tumors with em-
bryonic phenotypes.

Keywords: AKR, aldo-keto reductase; AR, androgen receptor; ER, estrogen receptor; HSD, hydroxysteroid
dehydrogenase; PG, prostaglandin; PR, progesterone receptor; PPAR, peroxisome proliferator activating receptor

Introduction 3o/type 5 17B-HSD) [6, 7], and AKR1C4 (type 1

30-HSD) [5]. Natural substrates for these en-

The aldo-keto reductases (AKRs) comprise a
functionally diverse 15-gene family [1]. Mem-
bers of the AKR superfamily are generally mono-
meric (37 kD), cytosolic, and NAD(P)(H)-
dependent oxidoreductases that share a com-
mon (a/B)e-barrel structural motif
(www.med.upenn.eud/akr). This family of en-
zymes convert carbonyl groups to primary or
secondary alcohols [2]. Four human AKR1C
isoforms have been cloned and characterized;
they are known as AKR1C1 [20a(3«)-
hydroxysteroid dehydrogenase (HSD)] [3],
AKR1C2 (type 3 3a-HSD) [4, 5], AKR1C3 (type 2

zymes include steroids, prostaglandins (PGs),
and lipid aldehydes [8].

Based on enzyme kinetics, AKR1C3 possesses
3o-hydroxysteroid dehydrogenase (HSD), 3pB-
HSD, 17B -HSD, and 11-ketoprostaglandin re-
ductase activities, and catalyzes estrogen, pro-
gesterone, androgen, and PG metabolism [7, 9-
11]. As a result, AKR1C3 is capable of indirectly
governing ligand access to various nuclear re-
ceptors, including estrogen receptor (ER), pro-
gesterone receptor (PR), androgen receptor
(AR), and peroxisome proliferator-activated re-
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ceptor (PPAR), and regulating trans-activation
activities of these nuclear receptors through
intracrine actions [12]. The presence of
AKR1C3 has been demonstrated in steroid hor-
mone-dependent cells including breast cells
[13], endometrial cells [14], prostate cells , and
Leydig cells [15]. De-regulated expression of
AKR1C3 has been demonstrated in multiple
types of hormone-related cancers, including
breast cancer [16], endometrial cancer [14,
17], and prostate cancer [18-21].

AKR1C3 expression has also been identified in
classical hormone-independent cells including
urothelial epithelium [19] and epithelium of the
renal tubules [22]. In addition, abnormal
AKR1C3 expression has been demonstrated in
non-hormone-related cancers, including lung
cancer [23] and Wilms’ tumor [24]. The role of
AKR1C3 in the development and progress of
these non-hormone-related cancers remain un-
known.

Studies of AKR1C isoforms in the brain have
been focused on neurosteroid biosynthesis [25,
26] that is related to anxiolytic steroid produc-
tion [27] or neurodegenerative diseases [28].
In the brain, AKR1C3 mRNA has been detected
using isoform-selective PCR primers [10].
AKR1C3-mediated neurosteroid conversion in
brain tumors remains undefined. In this com-
munication, AKR1C3 distributions in different
brain tumor types including medulloblastoma,
glial neoplasm (astrocytic, oligodendroglial, and
ependymal), Schwannoma, and meningioma
are described.

Materials and methods
Materials

Mouse anti-AKR1C3 monoclonal antibody was
produced in our laboratory [13]. Stable diami-
nobenzidine tetrahydrochloride (DAB) and goat
serum were purchased from Invitrogen
(Carlsbad, CA). Hematoxylin and permount
mounting media were obtained from Sigma-
Aldrich (St. Louis, MO). Biotinylated goat-anti
mouse I1gG antibody and horseradish peroxidase
(HRP)-conjugated streptavidin were obtained
from Vector Laboratories (Burlingame, CA).

Human tissues
A total of 72 cases of archival, formalin fixed,

paraffin surgical pathology brain tumor speci-
mens, all from different patients, and 4 autopsy
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brains with no neuropathologic findings, were
obtained from the Department of Pathology at
the University of Oklahoma Health Sciences
Center with Institutional Review Board (IRB)
approval for this study. This consortium in-
cluded 10 cases of medulloblastoma, 17 cases
of astrocytic neoplasms including glioblastoma,
9 cases of oligodendroglial neoplasms, 11
cases of ependymal neoplasms, 7 cases of
schwannomas, and 18 cases of meningeal neo-
plasms. The results of deletion of 1p and 19q of
oligodendroglial tumors are obtained from the
original pathology report.

Immunohistochemistry of tissue sections

Immunohistochemistry of human tissue sec-
tions followed our previously reported proce-
dures [19] and were performed in duplicates.
Briefly, tissue sections cut at 4-6 ym 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). Endogenous per-
oxidase activity was blocked by incubating the
tissue 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 detected by incubated the
tissue sections with mouse anti-AKR1C3 mono-
clonal antibody (clone NP6G6.A6) at a 1:200
dilution in the above blocking solution, and incu-
bating in a moist chamber at 4 °C overnight.
Negative controls were performed in parallel in
the absence of primary antibody. After washes
with 0.1 M Tris-HCI, the tissue sections were
treated with 1:400 dilution of biotinylated horse
anti-mouse secondary antibody and incubated
at room temperature for 2 hr. Following another
rinse with 0.1 M Tris-HCI, antibody binding was
detected by incubating the tissue sections with
HRP-conjugated streptavidin at room tempera-
ture for 30 min. DAB-H202 substrate was then
added to the slides and incubated at room tem-
perature for an additional 4 min. Tissue sec-
tions were counter stained lightly with hema-
toxylin, dehydrated in graded alcohol, cleared in
xylene, and mounted with Permount Mounting
Media for visualization by light-microscopy.

Immunohistochemical evaluation and scoring

The stained sections were evaluated with a con-
ventional light microscope and digital photomi-
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crographs were taken. The percentage of posi-
tive cells within the entire population of tumor
cells were evaluated and allocated to one of the
following categories: negative to positivity < 5%,
positivity >5% but < 25%, positivity >25% but <
75%, >75% but <100% positivity, and 100%
positivity. The tumors were then segregated into
4 categories: Diffuse immunoreactivity
(positivity >75%), widespread immunoreactivity
(positivity >25% but < 75%), focal immunoreac-
tivity (positivity >5% but < 25%), sporadic or no
reactivity (negative to positivity < 5%). The inten-
sity of staining is also evaluated for being wealk,
moderate, and strong for every case.

Results
Medulloblastomas

A total of 10 biopsy specimens were studied
(Table 1). One of the cases (10%) showed exten-
sive and strong positive immunoreactivity
(Figure 1A and 1B) and fell into the diffuse im-
munoreactivity group. Both cytoplasmic immu-
noreactivity and nuclear immunoreactivity were
demonstrated. There were 2 cases (20%) in the
widespread immunoreactivity group and both
demonstrated only moderate to weak immuno-
reactivity in tumor cells. The neuropils tended to
be positive. There were also 3 cases (30%) that
demonstrated sporadic, isolated positive cells
and 4 cases (40%) that were entirely negative in
tumor cells. The immunoreactivity was low in
medulloblastoma with 7 of the 10 cases (70%)
belonged to the sporadic or no immunoreactivity
group (Table 2).

Glial Neoplasms

A total of 37 glial neoplasms were studied (17
astrocytic neoplasms and glioblastomas, 9 oli-
godendroglial neoplasms, and 11 ependymal
neoplasms) (Table 1).

In astrocytic tumors and glioblastomas, 6 of the
17 cases (35.2%) demonstrated widespread
immunoreactivity and belong to the diffuse im-
munoreactivity group. Both cytoplasmic and
nuclear immunoreactivity were demonstrated in
these tumors (Figure 1E and 1F). There were 2
cases (11.8%) with widespread immunoreactiv-
ity, 1 case (5.9%) with focal immunoreactivity,
and 8 cases (47.1%) with very low or no immu-
noreactivity. In the cases with sporadic or focal
immunoreactivity, sporadic or small clusters of
positive cells are scattered within the tumor
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(Figure 1G and 1H).

In oligodendroglial neoplasms, 7 of the 9 cases
(77.8%) demonstrated diffuse immunoreactiv-
ity. There was 1 case that fell into the focal im-
munoreactivity group (11.1%) and 1 case in the
sporadic or no immunoreactivity group (11.1%)
(Table 1). In contrast to the astrocytic tumors, it
was more common to see cytoplasmic immuno-
reactivity only in many tumor cells but combined
nuclear and cytoplasmic immunoreactivity were
also readily seen (Figure 1l and 1J). In tumor
with focal immunoreactivity, sporadic positive
cells were present. Some of these cells had
morphologic features astrocytic cells (Figure 1K
and 1L).

Out of the 7 cases with widespread immunore-
activity, 4 of the cases had deletion of chromo-
some 1p and 19q. There was no deletion of
chromosome 1p and 19q in 2 of the cases and
the status of one of the cases is not known. One
of the cases that belonged to the sporadic or no
immunoreactivity group did not have deletion
and the status of the other is uncertain. Our
sample size is too small to conclude on the rela-
tionship of AKR1C3 and co-deletion of chromo-
some 1p and 19q.

In ependymal neoplasms, 5 of the 11 cases
(45.5%) demonstrated widespread and strong
immunoreactivity and belonged to the diffuse
immunoreactivity group. There were 2 cases
(18.2%) that fell into the widespread immunore-
activity group, 3 cases (27.2%) in the focal im-
munoreactivity group and 1 case (9.1%) in the
sporadic or no immunoreactivity group. Com-
bined nuclear and cytoplasmic immunoreactivity
was the most common pattern (Figure 1M and
1N). Sporadic positive cells appeared to be
mostly genuine ependymal tumor cells.

In the glial neoplasms (Table 2), slightly less
than half of all the cases belonged to the dif-
fuse immunoreactivity group, slightly under one
quarter of the cases belonged to the wide-
spread or focal immunoreactivity group, and
slightly over one quarter of the cases belonged
to the sporadic or no immunoreactivity group.
The expression of AKR1C3 does not appear to
correlate with histologic grade (Table 1).

Schwannoma

A total of 7 intracranial schwannoma were stud-
ied and they were uniformly negative for
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Figure 1. Distribution of AKR1C3 in medulloblastomas and glial neoplasms. Widespread nuclear and cytoplasmic
immunoreactivities are present in this medulloblastoma (A and B). Sporadic but strong positive immunoreactivity is
present in another medulloblastoma (C and D). In this anaplastic astrocytoma (E and F), practically all neoplastic
cells show nuclear and cytoplasmic immunoreactivities. In contrast, the immunoreactivities in this astrocytoma (G
and H) are present in only some cells and their stellate cytoplasmic processes are outlined. In this oligodendroglioma
(I and J), the immunoreactivities is both nuclear and cytoplasmic. In another case of anaplastic oligodendroma (K
and L), there are sporadic immunoreactive cells with strong nuclear and cytoplasmic immunoreactivities. In this case
of ependymoma (M and N), practically all the cytoplasmic processes and nuclei are immunoreactive. In another case
(O and P), immunoreactivities are present in the less cellular area while only sporadic positive cells are noted in the
more cellular area. (Original magnification: A, C, E, G, I, K, M, and O are 20x, B, D, F, H, J, L, N, and P are 60x)

There were 4 cases (22.2%) that showed wide
spread immunoreactivity, 1 case with focal im-

AKR1C3 immunoreactivity in the tumor cells
(Table 1). As we described before, however, the

endothelial cells were strongly positive and
served as an internal control (Figure 2A and
2B).

Meningioma
A total of 18 intracranial meningiomas were

studied (Table 1). There were 11 cases (61.1%)
that fell into the diffuse immunoreactivity group.
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munoreactivity (5.6%) and 2 cases with spo-
radic immunoreactivity (11.1%). Over three
quarters of the cases showed diffuse or wide-
spread immunoreactivity (Table 2). Similar to
the other tumors being studied, combined nu-
clear and cytoplasmic immunoreactivities were
very common (Figure 2C and 2D) particularly for
those that diffusely and strongly express
AKR1C3. In some of the cases that had less
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Figure 2. Expression of AKR1C3 in schwannomas and meningiomas. Neoplastic cells in this schwannoma (A and B)
are completely negative. Note that the endothelial cells are strongly immunoreactive which serve as internal positive
control. In this meningioma (C and D), there are widespread and strong cytoplasmic and nuclear immunoreactivities
in tumor cells. In another meningioma (E and F), there is weak cytoplasmic immunoreactivities and very little nuclear
immunoreactivities. Although the immunoreactivities are weak, it appears definitive when compared to the schwan-
noma cells. (Original magnification: A, C, and E are 20x, B, D, and F are 60x)

than strong immunoreactivity of AKR1C3, it is
common to demonstrate predominantly cyto-
plasmic immunoreactivity without nuclear reac-
tivity (Figure 2C and 2D). There would be a con-
cern that these immunoreactivities were back-

747

ground. However, there were clearly totally
negative areas without this type of low intensity
immunoreactivity in other tumors in this study
such as the meduloloblastomas and schwnno-
mas (Figure 1C, 1D and Figure 2A and 2B). We

Int J Clin Exp Pathol 2010;3(8):743-754
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Table 1. Intensity and percentage of positive immunoreactivity

Key for interpretation:

Intensity of Immunoreactivity: Percentage of Positive Cells:
®: 3+ 0000 100%
2+ 000: >75<100%
1+ 00 >25<75%
o: >5<25%
o: >1<5%

- Completely negative in neoplastic cells

Case No. WHO Grade Diagnosis Score
Medulloblastoma
1 v Medulloblastoma 000
2 v Large cell Medulloblastoma
3 v Medulloblastoma
4 v Medulloblastoma .
5 v Medulloblastoma .
6 v Medulloblastoma .
7 v Medulloblastoma -
8 v Medulloblastoma -
9 v Large cell Medulloblastoma -
10 v Large cell Medulloblastoma -
Glial Neoplasm: Astrocytic
1 | Pilocytic Astrocytoma 0000
2 | Pilocytic Astrocytoma 0000
3 Il Diffuse Astrocytoma 0000
4 Il Diffuse Astrocytoma 0000
5 v Glioblastoma 0000
6 11 Anaplastic Astrocytoma 000
7 | Pilocytic Astrocytoma ( 1 ]
8 v Glioblastoma ( 1 ]
9 v Glioblastoma [
10 v Glioblastoma .
11 | Pilocytic Astrocytoma .
12 v Glioblastoma .
13 v Glioblastoma .
14 | Pilocytic Astrocytoma -
15 1 Anaplastic Astrocytoma -
16 v Glioblastoma -
17 v Glioblastoma -
Glial Neoplasm: Oligodendroglial
1 1] Anaplastic Oligodendroglioma ND 0000
2 11 Anaplastic Oligodendroglioma Del 0000
3 Il Oligodendroglioma UK
4 1] Anaplastic Oligodendroglioma Del
5 1] Anaplastic Oligodendroglioma De!
6 1] Anaplastic Oligodendroglioma ND 000
7 11 Anaplastic Oligodendroglioma Del (11
8 1] Anaplastic Oligodendroglioma UK [ ]
9 1] Anaplastic Oligodendroglioma ND .
Glial Neoplasm: Ependymal
1 11 Anaplastic ependymoma 0000
2 | Subependymoma 0000
3 Il Subependymoma & Ependymoma 0000
4 Il Ependymoma 0000
5 Il Subependymoma & Ependymoma 0000
6 11 Anaplastic ependymoma ( 1 ]
7 Il Ependymoma ( 1 ]
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8 11l Anaplastic ependymoma [ ]

9 11l Anaplastic Ependymoma [ ]

10 Il Ependymoma [ ]

11 1 Anaplastic ependymoma .
Schwannoma

1 | Schwannoma -

2 | Schwannoma -

3 | Schwannoma -

4 | Schwannoma -

5 | Schwannoma -

6 | Schwannoma -

7 | Schwannoma -

Meningioma

1 Il Atypical meningioma 0000

2 Il Atypical meningioma

3 | Meningioma

4 I Meningeal tumor

5 Il Atypical meningioma

6 | Meningioma

7 | Meningioma

8 | Meningioma

9 I Meningioma (11

10 | Meningioma (11

11 | Meningioma

12 1] Anaplastic meningioma (] J

13 Il Atypical meningioma (1]

14 | Meningioma (] J

15 Il Chordoid Meningioma (] J

16 Il Atypical meningioma

17 Il Atypical meningioma .

18 | Meningioma .
Del: - Chromosome 1p and 19q are deleted as per pathology report.
ND: - No deletion of chromosome 1p and 19q as per pathology report.
UK The status of 1p and 19q are unknown, no test was performed as per pathology report.
Table 2. Summary of immunoreactivities

Diagnosis No. of Diffuse Wide spread Focal Sporadic or no

Medulloblastoma 10 1* (10%) 2 (20%) 0 (0%) 7 (70%)
Glial neoplasm 37 18 (48.6%) 4 (10.8%) 5 (13.6%) 10(27%)
Schwannoma 7 0 (%) 0 (%) 0 (%) 7 (100%)
Meningioma 18 11 (61.2%) 4 (22.2%) 1 (5.5%) 2 (11.1%)

* This number indicates the number of positive cases.
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Figure 3. AKR1C3 expression in normal brain tissues. These low and high magnification images are residual tissue
largely uninvolved by tumor cells taken from a case of astrocytoma. Note that the residual brain parenchymal tissue
is largely negative for nuclear and cytoplasmic immunoreactivities. There are some cells that have the morphologic
features of reactive astrocytes (arrow) and also isolated positive nuclei (arrow head) without accompanying cytoplas-

mic immunoreactivity.

concluded that these low intensity immunoreac-
tivities were genuine positive immunoreactivity.

Control Brains from Post Mortem and Reactive
Astrocytes

Four adult post mortem brains with no signifi-
cant gross or microscopic pathologic findings
were studied. No immunoreactivities were de-
tected in these brains. In particular, there were
no immunoreactivities in the endothelial cells.
The immunoreactivity of residual brain tissue in
the tumor cases of this study that were largely
uninvolved by diffuse astrocytomas (WHO grade
Il) was studied. We demonstrated a low number
of strongly immunoreactive cells with morphol-
ogic features highly suggestive of reactive astro-
cytes (Figure 3, arrow). There are also a few
cells with strongly immunoreactive nuclei but no
cytoplasmic immunoreactivity. It was not certain
whether these are neoplastic astrocytes or reac-
tive astrocytes (Figure 3, arrowheads). The brain
parenchyma in these fragments, however, did
not appear to be immunoreactive.

Discussion

The immunoreactivity for AKR1C3 of 72 surgi-
cally removed brain tumors and 4 normal con-
trol autopsy brains was studied. There were 10
medulloblastomas, 17 astrocytic neoplasms
including glioblastomas, 9 oligodendrogliomas,
11 ependymal tumors, 7 schwannomas, and 18
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meningiomas. AKR1C3 immunoreactivity of
these tumors fell into three major groups. The
first is the non-expression group with schwan-
noma as the best example and no positive im-
munoreactivity was detected in all the schwan-
nomas cases. The second is the low expression
group with medulloblastoma as the best exam-
ple with 70% of the cases belonging to the spo-
radic or no immunoreactivity group. Astrocytic
neoplasms and glioblastomas also have 8 out
of the 17 cases (47.1%) belonging to the spo-
radic or no immunoreactivity group. The third is
the high AKR1C3-positive group which includes
the glial neoplasm as a whole and meningijo-
mas.

There was no detectible AKR1C3 immunoreac-
tivity in brain tissues obtained from autopsy. In
particular, there was no AKR1C3 expression in
endothelial cells which have been used as inter-
nal controls in all specimens analyzed. We sus-
pect that this enzyme could have been de-
graded rapidly at post-mortem; and, therefore,
the negative immunoreactivity could not be ex-
plained as an evidence of the absence of
AKR1C3 in normal brain tissue. In cases where
residual brain tissues not involved or only mini-
mally involved by the astrocytic tumors are pre-
sent, AKR1C3 immunoreactivity was present in
a few cells that are either reactive astrocytes or
sporadic infiltrating astrocytoma cells. The
brain parenchyma is largely negative. These
observations suggest, but would not confirm,
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that AKR1C3 is absent in normal brain paren-
chyma. The number of cases and the amount
of residual parenchyma are very limited. More
extensive studies are needed for a definitive
conclusion, although normal surgical specimens
of the brain would not be easy to obtain to per-
form the screening.

AKR1C3 expression is less widespread in me-
dulloblastoma, a tumor that recapitulates phe-
notypes of the embryonic brain, in comparison
to glial neoplasms which demonstrate features
of the mature central nervous system. This re-
sult is similar to one of our other studies where
we demonstrated reduced expression of
AKR1C3 in Wilms' tumor which recapitulate
phenotypes of embryonic kidney as compared
to renal cell carcinoma [29]. Based on these
results, the expression of AKR1C3 may be dif-
ferent at different stages in development of or-
gans.

Both schwann cells and meningothelial cells
originate from neural crest; and schwannomas
and meningiomas display schwannian and men-
ingothelial cell-specific features. Although
schwannomas lack AKR1C3 immunoreactivity in
this study, meningiomas are highly AKR1C3
immunoreactive. The shared neural crest origin
of schwannomas and meningiomas does not
seem to provide a corresponding link in
AKR1C3 expression. We speculate that the par-
tial epithelial phenotypes of meningiomas may
contribute to the wide spread expression of
AKR1C3, as AKR1C3 is extensively expressed in
epithelium lining ducts and hollow organs in-
cluding urothelial epithelium [19], endometirum
[30], and other lining epithelium such as ducts
of the salivary gland, pancreas, duodenal mu-
cosa, and gastric mucosa (data not shown).

Intratumoral steroid hormone biosynthesis and
metabolism is important in the etiology and pro-
gression of hormone-related cancers. In situ
estrogen metabolism, including biosynthesis
and degradation, has recently been thought to
play a very important role in the development
and progression of various human estrogen-
dependent neoplasms. Based on enzyme kinet-
ics, AKR1C is capable of metabolizing multiple
steroid hormones (estrogen, progesterone, an-
drogen, and PG). AKR1C3 can catalyze inter-
conversions of estrone and 17p-estrodiol, pro-
gesterone and 20o-hydroxyprogesterone, vari-
ous androgen metabolism [7, 10], as well as
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9a, 11B-PGF2q through its 11-ketoprostaglandin
reductase activities [11]. As a result, this en-
zyme can reduce or accumulate these steroid
metabolites and may have significant impacts
on intratumoral hormone balance with various
levels of AKR1C3 expression in brain tumors.

AKR1C3-mediated steroids and PG metabolism
has been observed in cultured brain tumor cells
and in brain tumor tissues. For example, hu-
man astrocytomas can transform steroids to
compounds with modified hormonal activity
[31]. An in vitro metabolism study using ho-
mogenates from astrocytomas has shown 17p-
estradiol to estrone, pregnenolone to progester-
one, and testosterone to either andros-
tenedione or estradiol steroid conversions, al-
though these reactions might be disease- and
age-dependent. In addition, PGF2« is produced
in C-6 glioma cells and N18TG2 neuroblastoma
cells following arachidonic acid stimulation [32].
The formation of AKR1C3-related metabolic
compounds in brain tumor cells may affect
physiology and pathophysiology of the brain and
may be of clinical significance in brain tumori-
genesis or progression.

Distribution and function of steroid hormone
receptors have been studied in tumors of the
central nervous system. Urbanska et al. re-
ported that ER trans-activation can contribute
to the development of genomic instability in
medulloblastomas [33]. Suppression of ER sig-
naling significantly inhibits growth and migration
of medulloblastoma in vitro and in vivo [34].
Progressively decreased ER[ expression has
shown to parallel the progression of astrocytic
neoplasms: moderate to strong nuclear ERp
immunoreactivity in non-neoplastic astrocytes
and low-grade astrocytomas, but immunonega-
tive to weak immunoreactivity in high-grade tu-
mors [35]. In addition, majority of meningiomas
possess the ER (both ERax and ERB), PR, and
AR [36-39]; and many studies have been per-
formed to examine the role of steroids and ster-
oid receptors in the growth of meningiomas [40-
42]. Although patterns of ER, PR, and AR ex-
pression have been shown to be different be-
tween schwannomas and meningiomas [43],
there is conflicting information regarding the
presence of steroid hormone receptors in
schwannomas [44-46]. The relationship be-
tween steroid hormone expression and clinical
stages of schwannomas remains unsettled. PR
isoforms have also been studied in neurogenic
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tumors. Both PR-A and PR-B are equally ex-
pressed in meningioma, but PR-B is the pre-
dominant isoform compared with PR-A in astro-
cytic tumors and Schwannomas. There is a sta-
tistically significant inverse correlation between
PR-A expression and proliferation indices in as-
trocytic and meningiomas tumors. AKR1C3 has
been implicated as a stress-related gene and as
a hypoxia-induced gene in the malignant human
glioma U251 cell line [47]. Ragel et al. pro-
posed that hypoxia-induced AKR1C3 may modu-
late progesterone production necessary for tu-
mor growth and/or angiogenesis in brain tumor.
These observations suggest that steroid hor-
mones are locally synthesized and exert their
actions through different nuclear receptors in
the human central nervous system. AKR1C3
may be involved in regulation of intracellular
hormone balance, and the growth and develop-
ment of neurogenic tumors via a variety of nu-
clear steroid receptors [40].

Glioblastomas are typically associated with epi-
dermal growth factor receptor (EGFR) amplifica-
tion (usually associated with chromosome 10
loss and gain of chromosome 7); and oligoden-
droglial tumors are often associated with dele-
tion of chromosome 1p and 19q. These two
molecular features are mutually exclusive [48,
49]. Using microarray analysis, Ducray et al.
reported that AKR1C3 is among a set of 22
genes that can distinguish gliomas with EGFR
amplification and oligodendroglimas  with
1p19q codeletion [50]. Based on multidimen-
sional genomic profiles and glioma patient sur-
vival, Bredel et al. also reported that AKR1C3,
along with another 6 nonrandom landscape
genes, is statistically significantly associated
with the duration of overall survival in patients
with gliomas [51]. In this study, we demon-
strated the expression of AKRA1C3 in both
glioblastomas and oligodendroglioma. How-
ever, our sample size was too small to conclude
on the relationship of AKR1C3 with glioblas-
tomas or oligodendroglioma. The role of
AKR1C3 in these tumors should be further in-
vestigated.

Although brain tumors are not classically classi-
fied as a type of hormone-related cancer, recent
studies clearly show a relationship between
hormone metabolism and tumor progression. In
contrast to the classical belief, some brain tu-
mors may be hormonal responsive in analogy to
other hormone-related cancers. AKR1C3-
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mediated steroid hormones metabolism and
their consequences of nuclear receptor trans-
activation as well as tumorigenesis and progres-
sion in medulloblastoma, glial neoplasm,
schwannoma, and meningioma deserves fur-
ther study. Equally important, the involvement
of AKR1C3 in cell differentiation and epithelial
lining ducts and hollow organs needs to be stud-
ied in medulloblastomas as well as in schean-
nomas and meningiomas.
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