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Decreased Expression of Type 5 17 8 -Hydroxysteroid
Dehydrogenase (AKR1C3) Protein Identified in Human

Diabetic Skin Tissue
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Background: Diabetes is characterized by chronic hyperg-
lycemia, and hyperglycemia can increase reactive oxygen
species (ROS) production from the mitochondrial electron
transport chain. The formation of ROS in cells induces
oxidative stress and activates oxidative damage-inducing
genes. There is no research on the protein levels of oxidative
damage-related genes AKR1C3 in human diabetic skin. We
explored the expression of AKR1C3 in diabetic skin com-
pared with normal skin tissue. Objective: To compare the
expression of AKRT1C3 in normal skin versus diabetic skin.
Methods: AKR1C3 expression was evaluated by western
blotting in 6 diabetic skin tissue samples and 6 normal skin
samples. Immunohistochemical staining was carried out to
analyze AKR1C3 expression in the 6 diabetic skin tissue
samples (July 2009 to December 2011; Department of
Plastic and Reconstructive Surgery at Soonchunhyang Uni-
versity Seoul Hospital, Seoul, Korea). Results: The western
blotting showed a significant reduction in AKR1C3 protein
expression in diabetic skin tissue compared to normal tissue.
Immunohistochemical examination of AKR1C3 showed that
it was weakly expressed in all diabetic skin samples.
Conclusion: We believe that AKR1C3 is related to diabetic
skin in altered metabolic states which elevate ROS production.
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INTRODUCTION

Diabetes is a serious disease posing a burden on the entire
world population. Its damage stems from a number of
pathologic mechanisms including oxidative stress. Oxida-
tive stress is closely related to the pathogenesis and com-
plications of diabetes. Oxidative stress is caused by a
cascade of reactive oxygen species (ROS) released from
the mitochondria, a process which is related to type 1
diabetes (caused by apoptosis of pancreatic beta-cells),
and type 2 diabetes, (caused by insulin resistance). Since
hyperglycemia may increase oxidative stress, the patho-
logic mechanisms involved in the natural history of
diabetes are complex’.

While cells have a range of defense mechanisms against
free radicals, free radicals which bypass the defense sys-
tem attack and modify sub-cellular components, including
proteins, lipids and nucleic acids®. Proteins are a promi-
nent target of oxygen free radicals and other reactive
species. Metals which have been catalyzed via protein
oxidation add carbonyl groups (aldehydes and ketones) in
a site-specific manner at lysine, arginine, proline or
threonine residues*’. An increase in reactive carbonyls,
caused by both oxidative and nonoxidative reactions
(defined as carbonyl stress), promotes chemical modifi-
cation of proteins and induces oxidative stress and tissue
damage as its final step.

The carbonyl compound level is reduced via the simul-
taneous action of multiple sets of carbonyl reducing enzy-
mes, such as aldo-keto reductases (AKR). While the phy-
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siological functions of AKR1Cs have yet to be confirmed,
it is thought that they play an important role in main-
taining steroid homeostasis in steroid target tissues, and
they are known to catalyze the reductive detoxification of
reactive aldehydes and ketones, the products of oxidative
stress®.

The aim of this study was to investigate the expression of
AKR1C3 in vivo. We hypothesized that AKR1C3 protein
expression will be less in diabetic skin tissue than in
normal skin tissue. We studied the expression of AKR1C3
in normal skin tissues and diabetic skin tissues to describe
the relationship between AKR1C3 and diabetic skin tissue,
by using western blot and immunochemistry. This study
demonstrated that AKR1C3 was found to be less expres-
sed in diabetic skin tissue, by western blot and immuno-
histochemistry.

MATERIALS AND METHODS

Tissue samples

The Institutional Review Board (IRB) of Soonchunhyang
University Seoul Hospital reviewed and approved this
research protocol involving the use of tissue samples. A
total of 6 normal skin tissue samples and 6 diabetic skin
samples were obtained from patients who underwent
surgery between July 2009 and December 2011 in the
Department of Plastic and Reconstructive Surgery at
Soonchunhyang University Seoul Hospital in Korea. Infor-
med consent was obtained from the patients before surgery.
The normal skin tissues were collected from the back of 6
women who had breast reconstruction with a latissimus
dorsi flap. Diabetic skin samples were obtained from
patients undergoing amputation surgery. A portion of the
specimens were frozen in liquid nitrogen immediately after
resection for western blot analysis, and stored at —80°C
degrees. For the immunohistochemical studies, the stored
formalin-fixed and paraffin-embedded samples, including 6
diabetic skin samples and 6 normal skin tissue samples
were used.

Western blot analysis

Tissue samples were homogenized in whole cell extract
lysis buffer (25 mM HEPES [pH 7.7], 0.3 M NaCl, 1.5 mM
MgCl,, 0.2 mM ethylenediamine tetraacetic acid, 0.1%
Triton X-100, 0.5 mM dithiothreitol, 20 mM-glycerolpho-
sphate, 0.1 mM Na3;VOs, 2 g/ml leupeptin, 2 g/ml apro-
tinin, T mM phenylmethylsulfonyl fluoride, and a protease
inhibitor cocktail tablet [Boehringer Mannheim, Mann-
heim, Germany]). The tissue suspension was rotated at
4°C for 10 minutes, and the supernatants were collected,
kept at —70°C and used for western blotting. Proteins
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from the tissue were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis using NuPAGE 4% to
12% bis-Tris gels (NP0335Box; Invitrogen, Carlsbad, CA,
USA) and then transferred to an Immobilon-P membrane.
The membrane was blocked using 5% BSA in TBS-T (20
mM Tris, pH 7.6, 130 mM NaCl, and 0.1% Tween 20)
solution. It was reacted with the primary antibodydiluted
to 1 : 1,000 concentration at 4°C for 16 hours, and with
washing buffer and TBST buffer (10 mM Tris-Cl, pH 8.0,
150 mM NaCl, 0.05% Tween 20), washed well 4 times
for 10 minutes, 10 minutes, 15 minutes and 15 minutes
and reacted with anti-mouse immunoglobulin G (SC-
2005; Santa Cruz, Santa Cruz, CA, USA)-horseradish pero-
xidase-linked species-specific whole antibody diluted to
1 : 10,000 for 1 hour. After the reaction with the secon-
dary antibody, it was washed well 4 times for 10 minutes,
10 minutes, 15 minutes and 15 minutes. Proteins on the
membrane were detected using the enhanced chemilu-
minescence solution kit (Amersham Pharmacia Biotech
UK Limited, Little Chalfont, UK). The membranes were
stripped and reblotted with anti-actin antibody (catalog
number Sigma A5441). Primary antibody AKR1C3 (cata-
log number Sigma A6229-clone NP6.G6.A6) was pur-
chased from Sigma-Aldrich Corporation (St. Louis, MO,
USA).

Immunohistochemical staining

Paraffin sections (4 «m) were deparaffinized in xylene,
rehydrated in 10 mM citrate buffer (pH 6.0), and heated in
a microwave oven for 15 minutes to restore antigens. To
suppress endogenous peroxidase within the tissues, the
samples were treated with 3% peroxide for 5 minutes,
then with a blocking solution for 30 minutes. The slides
were incubated with the primary antibody in a humidity
chamber for 60 minutes. Tissue staining was visualized
with a 3,3’-diaminobenzidine (DAB) (ScyTek, Logan, UT,
USA) substrate chromogen solution.

The primary antibody AKR1C3 (Catalog number Sigma
A6229-clone NP6.G6.A6) was purchased from Sigma-
Aldrich Corporation.

Normal skin Diabetic skin
[ 1 ]
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Fig. 1. AKR1C3 protein was expressed on normal skin tissue,
diabetic skin tissue by western blot analysis. Beta actin used as
a loading control in western blot analysis.




Assessment of western blot analysis

Relative levels of expression of each protein were analy-
zed by Phosphor-Imager software (TINA; Raytest, Strau-
benhardt, Germany).

The measured amounts of expression of the diabetic skin
tissues and normal skin were compared.

Statistical analysis

The data from the Raytest TINA software were analyzed
using SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and the
statistical significance was set at a p-value less than 0.05.
Data are presented as median (interquartile range). For a
comparison of non-normally distributed variables we used
the Mann-Whitney U test.
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Fig. 2. The median of normal skin tissues was 0.935 (interquartile
range, 0.911 to 0.973), and the median of diabetic skin tissues
was 0.698 (interquartile range, 0.671 to 0.781). There were signi-
ficant differences AKR1C3 protein expression between normal
skin and diabetic skin(Mann-Whitney U test, p<0.05).

Expression of AKR1C3 in Diabetic Skin Tssue

RESULTS

Western blot analysis

The results of the western blot analysis showed that
AKR1C3 was less expressed in diabetic skin tissues
compared with normal human skin tissues (Fig. 1).

The median of normal skin tissues was 0.935 (interquartile
range, 0.911 to 0.973), and the median of diabetic skin
tissues was 0.698 (interquartile range, 0.671 to 0.781).
There were significant differences in protein expression
between normal skin and diabetic skin (Mann-Whitney U
test; p<0.05).

The amount of expression in western blotting shown
graphically depicts less expression in diabetic skin tissues
compared with normal human skin tissues (Fig. 2).

Immunohistochemical examination

The immunohistochemical study showed that the AKR1C3
protein was expressed in normal skin tissue with modera-
te-to-strong positivity. It was expressed in diabetic skin
with weak positivity.

The immunohistochemical study further supported the
results of the western blot analysis by showing that
AKR1C3 expression was decreased in diabetic skin com-
pared with normal skin tissue (Fig. 3).

DISCUSSION

Strong evidence points to the important role of oxidative
stress in tissue damage related to diabetes’. Increased
insulin resistance and the reduced insulin secretory res-
ponse lead to impaired glucose tolerance, leading to
oxidative stress by producing higher levels of mitochon-
drial ROS', nonenzymatic glycation of proteins'""'?, and
glucose autoxidation™"”.

ROS plays a crucial role in the activation of stress sensitive
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Fig. 3. Representative immunohis-
tochemistry staining for AKR1C3
protein expression in paraffin-em-
bedded normal skin tissue (A: strong-
= X ly positive immunostaining, x200),
. diabetic skin tissue (B: weak positive
immunostaining, x200).
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signaling pathways regulating the expression of genes
responsible for cellular damage'*". It is hypothesized that
ROS and the resulting oxidative damage are involved in
the pathogenesis and complications of diabetes®'°.
Proteins are significant targets for oxidative challenge.
ROS are able to modify the arginine, lysine, threonine and
proline residues of carbonyl groups. Free radicals and
other reactive species attack proteins. Oxidative modifi-
cation of proteins modifies methionine, histidine, and
tyrosine residues and forms cysteine disulfide bonds™'”".
Metals which catalyze protein oxidation add carbonyl
groups (aldehydes and ketones) at lysine, arginine, proline
or threonine residues in a site-specific manner*’. Carbonyl
groups of proteins are proposed as reliable markers of
oxidative stress and are used for marking oxidative modi-
fication of proteins®®. Elevated protein carbonyl levels
were detected in type-1, type-2 and experimental dia-
2123 and protein carbonyl content is closely related
to complications associated with diabetes. In the results
of oxidative stress, the main mechanisms of endogenous
reactive carbonyl production include lipid oxidation, lipid
peroxidation, glycation product oxidation or glycoxi-
dation. In vivo, DNA and protein damage is oftentimes
more important than lipid damage in relation to oxidative
stress”’. Cells typically eliminate oxidized proteins by
proteolysis since oxidized proteins become inactive, and
their unfolding makes them more susceptible to pro-
teinases.

A range of NADPH-dependent enzymes from several
oxidoreductase families reduce carbonyl groups. AKRs
form a large family of monomeric or dimeric NADP(H)-
ependent enzymes which includes steroids, eicosanoids,
polyols and xenobiotics®®. It should be noted that these
enzymes exhibit two different types of xenobiotic acti-
vities: the activation of NADP'-dependent trans-dihy-
drodiol dehydrogenase in relation to dihydrodiols derived
from activated polyaromatic hydrocarbons®® and the acti-
vation of NADPH-dependent xenobiotic carbonyl redu-
ctase, in relation to a number of pharmacologically and
toxicologically relevant substances™.

It is well-known that diabetes increases oxidative stress in
both animal models and patients with diabetes'®. A
number of clinical experiments support the possibility that
oxidative stress alters the intracellular signaling pathway
which induces insulin resistance, and show that insulin
sensitivity in insulin-resistant individuals can be improved
with treatment using acetyl-L-cysteine®', vitamin E, vitamin
C and glutathione®***.

AKR are a large family of NADPH-dependent enzymes,
which are crucial in reducing aldehydes to alcohols**.
This superfamily includes more than 100 members, and in
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humans, 10 enzymes are divided into the subfamilies of
AKRTA, AKR1B, AKR1C, AKR1D and AKR7A™.

They are expressed in a wide range of tissues, including
the liver, brain and kidneys®®. AKR are involved in the
metabolism of sugars, steroids, prostaglandins, and other
metabolites, and they also metabolize the aldehydes pro-
duced as a result of oxidative stress. In humans, AKR1C
enzymes are able to oxidize polycyclic aromatic hydro-
carbon trans-dihydrodiol, which is close to a carcinogen,
and these enzymes are known as hydroxysteroid dehyd-
rogenases, which can reduce toxic aldehydes®®”. In this
study, AKR1C3 was measured in diabetic skin tissue and
normal tissue with western blot and immunohistologic
methods, as an indicator of oxidative stress. To our know-
ledge, AKR1C3 in diabetic skin tissue and normal tissue
has not yet been studied. We show that the AKR1C3
protein level is less expressed in diabetic skin tissue com-
pared with normal skin tissue.

The immunohistochemical method further supported the
results of AKR1C3 expression as measured by western blot
analysis.

We believe that diabetic skin tissue contains a relatively
small amount of AKR1C3 enzymes and these cannot
protect against oxidative stress.
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