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Abstract: Mouse aldo-keto reductase family 1 member B8 (AKR1B8) has the highest similarity to human aldo-
keto reductase family 1 member B10 (AKR1B10), a secretory protein through lysosomes-mediated non-classical
secretory pathway. To identify whether AKR1BS8 is secreted through the same pathway, we carried out this study.
Self-developed sandwich ELISA and western blot were used to detect AKR1BS8 in cells and culture medium of CT-26
murine colon carcinoma cells. AKR1BS8 releases in an independent manner to Brefeldin A, an inhibitor of ER-to-Golgi
classical secretion pathway. Several factors, which are involved in the non-classical secretion pathway, such as
temperature, ATP and calcium ion, regulated AKR1B8 secretion from mouse colorectal cancer cells CT-26. Lysoso-
motropic NH,Cl increased AKR1B8 secretion, and AKR1B8 was located in isolated lysosomes. Therefore, AKR1B8
is a new secretory protein through the lysosomes-mediated non-classical pathway.
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Introduction

Aldo-keto reductase (AKR) superfamily is com-
posed of more than 100 proteins that are struc-
turally and/or functionally conserved in the
hierarchy of organisms, from bacteria to
humans [1-5]; these proteins are widely impli-
cated in carbonyl detoxification, pro-carcinogen
activation, lipid metabolism, and cell carcino-
genesis and cancer therapy [6-11]. In mice,
there are three AKR1B homologs, i.e., aldo-keto
reductase family 1 member B3 (AKR1B3, also
referred as mouse aldose reductase, mAR),
aldo-keto reductase family 1 member B7
(AKR1B7, also named as mouse vas deferens
protein, MVDP), and aldo-keto reductase family
1 member B8 (AKR1BS, also called as mouse
fibroblast growth factor-1 regulated protein,
FR-1) [12-14]. Mouse AKR1B8 reduces alde-
hydes and their glutathione conjugates and

regulates fatty acid synthesis by associating
murine acetyl-CoA carboxylase-a [15].

In the AKRs family, AKR1B7 and AKR1C, also
named as dihydrodiol dehydrogenase (DDH),
are secretory proteins [16-18]. Recently, AKR-
1B10, also known as aldose reductase like-1
(ARL-1), has been shown to be secreted from
cancer cells through lysosome-mediated non-
classical pathway [19]. AKR1B8 has the highest
similarity to human aldo-keto reductase family
1 member B10 (AKR1B10) in terms of amino
acid sequence, three dimensional structure,
substrate spectra and specificity, and tissue
distribution. AKR1B8 shows the highest identity
to AKR1B10 (82%) and they appear from a
same evolutionary node [15], therefore murine
AKR1BS8 is the ortholog of human AKR1B10. It
was reported that AKR1B10 is secreted through
lysosomes-mediated non-classical secretory
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Figure 1. Preparations of AKR1B8 protein and anti-
body. A. Purification of AKR1B8 protein with differ-
ent concentrations was analyzed by Coomassie blue
staining. B. Purification of rabbit anti-AKR1B8 anti-
body was analyzed by Coomassie blue staining. C.
Specificity of AKR1B8 antibody to AKR1BS8 (FR1) and
not to mAR and MVDP was analyzed by western blot.

pathway. Therefore, it is suggested that
AKR1B8 may also be a secretory protein. In this
study we identified whether AKR1B8 secretes
from CT-26 cell line, a murine colon adenocarci-
noma cell line derived from BALB/C (H-2d)
mice.

Proteins are secreted via either classical (ER/
Golgi-dependent) or nonclassical (ER/Golgi-
independent) secretion pathways. In the classi-
cal pathway, secretory proteins typically con-
tain an N-terminal signal peptide that directs
the protein into endoplasmic reticulum (ER) and
secretes through the Golgi complex [20-22]. In
contrast, the nonclassical protein export fea-
tures the lack of the conventional signal pep-
tide at N-terminus and resistance to the ER/
Golgi-dependent protein secretion inhibitor
brefeldin A. Proteins secreted via the nonclassi-
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cal pathway usually have a low molecular
weight at 12-45 kDa [23, 24]; and several
mechanisms are described for their secretion
including a lysosome-mediated secretory path-
way, plasma membrane exocytosis, exosome
release and export using a specific membrane
transporter [25]. Among these, the lysosome-
mediated pathway is the most common and
well investigated, and many proteins are secret-
ed by this pathway, such as interleukin-1 beta
(IL-1B), heat shock protein 70 (HSP70), ferritin,
high-mobility group protein 1 (HMGB1) and
AKR1B10 [19, 22, 23, 26, 27]. In this study we
explored whether AKR1BS8 is secreted through
a lysosomes-mediated nonclassical pathway.

Materials and methods
Cell cultures

CT-26 murine colon carcinoma cells were cul-
tured as suggested by American Type Culture
Collection (Manassas, VA), in RPMI-1640
Medium supplemented with 10% fetal bovine
serum (FBS), 2 mM glutamine, 100 U/ml peni-
cillin, and 100 ug/ml streptomycin (Invitrogen,
CA) at 37°C, 5% CO,. The medium was replaced
with fresh serum-free medium. 30 min later,
the fresh medium was collected, and centri-
fuged at 800 x g, 4°C for 10 min to remove
cells and debris, and then subjected to sand-
wich ELISA and western blot analysis.

Preparation of AKR1B8 recombinant protein
and antibodies

AKR1B8 recombinant protein was prepared as
described previously [28]. Briefly, the plasmid
pQE-80 with His-tagged AKR1B8 cDNA was
transfected into E. coli bacteria host M15.
When OD, ., of culturing medium is about 0.8,
the bacteria were induced by 2 mM isopropyl-1-
thio-B-D-galactopyranoside for 3 h. The bacte-
ria were harvested and lysed by sonication.
After centrifugation to remove debris, the
supernatant was mixed with 50% slurry of nick-
el-nitrilotriacetic acid resin. The slurry was then
loaded into a column and eluted with 0.5 M
imidazole wash buffer. Elutions containing the
recombinant protein were dialyzed, and stored
at-20°C.

Western blot

80 pl medium or 30 pg of cell lysate were boiled
in 5 x SDS sample loading buffer at 95°C for 5
min and then separated on 12% SDS-PAGE.

Int J Clin Exp Pathol 2014;7(7):3791-3799


http://dict.cn/specificity

AKR1BS8 is a secretory protein

A AKR1BS8 release

0 1 5 10 30 60

sodium phosphate (pH 7.0),
0.2 mM NADPH, 50 mM
KClI, and 200 pl concentrat-
ed medium. Reactions were
AKR1B8 conducted at 35°C for 30

min

— ——s ——¢ CathepsinD

B AKR1BS8 activity

50
z3 40

z <

EESO

<= 90

0:8"

4510

0 1

Fresh CT-26 Purified
Medium Medium AKR1B8

Figure 2. AKR1B8 release from CT-26 cells. A. AKR1B8 secreted from CT-26

min. Oxidized NADPH was

measured at OD,,, to indi-

B-actin cate enzymatic activity. 100
ng of purified AKR1B8
recombinant protein was
used as a positive control,
and fresh serum-free medi-
um was a blank control.
Enzymatic activity is expre-
ssed as: nmol (oxidized NA-
DPH)/ml medium/hour.

Signal peptide prediction

The amino acid sequence of
AKR1B8 was input into the

cells in medium was detected by western blot. B. AKR1BS8 activity. Cells (1 x signal peptide prediction

107) as indicated were seeded into six-cm dishes overnight and then fed with 2
ml of serum-free medium for 30 min. Medium was collected and subjected to

software SignalP 4.0 (www.
cbs.dtu.dk/services/Signal-

an enzyme activity assay as described in the Materials and methods section. P/). The organism group

“p < 0.01 vs Fresh Medium.

Separated proteins were blotted onto nitrocel-
lulose membranes at 260 mA for 150 min
using a Bio-Rad Mini-Protean Il transfer appara-
tus (Bio-Rad Laboratories, CA). Blots were
blocked at room temperature with 5% fat-free
milk in Tris-buffered saline containing 0.1%
Tween-20 for 1 h. Rabbit anti-AKR1B8 (gener-
ated in our laboratory), goat anti-Vimentin (Cell
Signaling, Inc), and rabbit anti-B-actin (Sigma-
Aldrich Inc., MO) antibodies were probed and
detected as previously described [29].

AKR1B8 enzymatic activity

Previous studies have demonstrated the enzy-
matic activity of mouse AKR1B members [2,
30, 31]. However, enzyme activity of AKR1BS8 in
medium had not detected before. 1 x 10° CT-26
Cells in a 60 mm-dish were incubated overnight
in medium containing 10% FBS. After being
immediately washed once with PBS, the cells
were fed with 2 ml of serum-free medium for 30
min. The medium was collected, centrifuged at
600 x g for 10 min to remove cells and debris,
concentrated 5-fold with a dialysis column
(Millipore, CA), and then subjected to enzyme
activity assays in 500 pl reaction mixtures con-
taining 20 mM DL-glyceraldehyde, 135 mM
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was set as Eukaryotes, and

analysis methods of Neural
networks and Hidden Markov models were cho-
sen. A standard output format was produced.

Lysosome isolation and proteinase K protec-
tion

Lysosomes were isolated as described previ-
ously [32]. Briefly, 2 x 107 CT-26 cells were
washed three times with PBS, resuspended in
2 ml of PBS containing 10 ug/ml leupeptin and
0.5 mM PMSF and disrupted using a Dounce
homogenizer. Debris and nuclei were dis-
charged at 1200 g for 10 min, followed by
50000 g for 30 min at 4°C. Supernatants
(@about 2 ml) were collected; pellets (lysosomes)
were washed three times with PBS and sus-
pended in 200 pl of PBS. For protection assays,
pellets and supernatants (50 ul of each) were
exposed on ice to 0.1 mg/ml proteinase K for
30 min, and then subjected to detecting
AKR1B8 and Cathepsin D by western blot.

Statistic analysis

All the experiments were repeated three times.
Data indicate a means + SD of three indepen-
dent experiments. Statistic analysis was per-
formed using Student’s t-test or Chi-square

Int J Clin Exp Pathol 2014;7(7):3791-3799
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and the specificity of rabbit
anti-AKR1B8 was detected
by western blot (Figure 1B).

AKR1BS8 is secreted into
culture medium

AKR1B8 was detected in
the medium of CT-26 cells
by western blot (Figure 2A).
To exclude the possibility
that AKR1BS8 in the medi-
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Figure 3. AKR1B8 secretes via a non-classical pathway. (A) Signal-peptide anal-
yses in AKR1B8. Amino acid sequence of full-length mouse AKR1B8 was in-

Brefeldin A

um was derived from dead
cells, the cultured cells
were washed twice with
cold PBS, and fresh serum-
free medium was applied
for 30 min. After collection,
the medium was centri-
fuged at 600 x g for 5 min,
800 x g for 5 minand 1200
x g for 5 min sequentially to
remove dead cells, debris
and nuclei. B-actin, a non-
secretory protein, was not
detectable in the medium
(Figure 2A). AKR1B8 con-
centration in  medium

60 70

Vimentin increased with the prolong-
ing time, and its peak
B-actin reached at 60 min and then

a high concentration pla-
teau appeared.

AKR1B8 is a reductase

putted into the SignalP 3.0 server (http://www.cbs.dtu.dk/services/SignalP/),

and neural networks (NN) and hidden Markov models (HMM) were run. Both
SignalP-NN (A) and SignalP-HMM (B) results showed no signal peptide in the
AKR1BS8 sequence. (B) Brefeldin (A) cells (2.5 x 10°) were cultured in six-well
plates overnight and then expose to the ER-to-Golgi protein transport inhibitor
brefeldin A at 10 ug/ml in fresh serum-free medium for 8 h. Medium was col-
lected for Western blotting. Vimentin was detected by Western blotting as a

positive control.

tests, as appropriate, with INSTAT statistical
analysis package (Graph Pad Software, CA), for
statistical significance at p < 0.05.

Results
Preparations of AKR1B8 antigen and antibody

The purity of the AKR1B8 recombinant protein
was analyzed by SDS-PAGE (Figure 1A). The
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with activity to aldehydes
[15]. To understand the
functionality of the secret-
ed AKR1BS8, we tested its
enzyme activity to DL-glyce-
raldehyde, and data show-
ed that the AKR1BS8 in the
medium was enzymatically
active with purified AKR1B8 as positive control
(Figure 2B).

AKR1BS is secreted by a non-classical protein
secretion pathway

Soluble proteins are secreted by either classi-
cal or nonclassical pathways [22]. In the classi-
cal protein secretion pathway, a secretory pro-
tein is translocated by an N-terminal signal

Int J Clin Exp Pathol 2014;7(7):3791-3799



A Temperature

Extracellular Medium

Cell Lysate

AKR1BS8 is a secretory protein

4 20 37 42

~ - s
‘ . e e W R

Y Y " Cathepsin D

B-actin

i e AKR 1B8

——  —

— — e Cathepsin D

B-actin
e — — —

B ATP and Calcium

Extracellular Medium

— — —— e GEED GEED

—— g ——— — —

brefeldin A efficiently blocked
the secretion of Vimentin
through the classical ER/Golgi
pathway [33] (Figure 3B).
These data suggest that
AKR1BS8 is secreted through a
nonclassical protein secretion
pathway.

AKR1BS8’s secretion is af-
fected by nonclassical secre-
tory pathway-related factors

We observed the effect of
small molecules and factors
on AKR1B8 secretion that
influence nonclassical protein
secretion pathway, such as

AKR1B8 temperature, ATP, and Ca?
Cathepsin D [23, 34]. Data showed that in

CT-26 cells, AKR1B8's secre-
B-actin tion was blocked at 4°C, but

— ey S w— w— —— AKR1B8

stimulated at 42°C (Figure
4A), demonstrating a tempera-

ture-dependent relationship.

Cell Lysale | ywmy wwmm e —— —— —— Cathepsin D Similarly, ~ ATP  stimulated
— B-actin AKR1B8'’s secretion [35, 36]

(Figure 4B). Ca?* plays a criti-

ATP (ImM) - + - + cal role in merger between
ca® (ImM) - . + o+ 1 subcellular compartments and
lonomycin (2uM) - ] ] ] . plasma membranes, promot-

Figure 4. AKR1BS8 secretion is affected by nonclassical secretory pathway-
related factors. A. Temperature. cells (2.5 x 10°) were seeded into six-well
plates overnight and then exposed to the temperature (°C) indicated for
30 min. The cells were fed with fresh serum-free medium at the same tem-
perature for 30 min, and medium was collected for Western blotting as
described in the Materials and methods. B. ATP and Calcium. Cells (2.5 x
10°) were incubated in six-well plates overnight and then exposed to 1 mM
Ca?*ions or 2 uM lonomycin in serum-free medium for 2 h. At 30 min before

ing vesicle transportation and
exocytosis [37]. This study
demonstrated that AKR1BS8's
secretion was significantly
stimulated by Ca?" ions (100
MM) and lonomycin (2 pM), a
transporter of Ca?" ions [38]
(Figure 4B).

harvest, ATP (1 mM) was added or not, and the medium was subjected to

Western blot analysis.

peptide into endoplasmic reticulum (ER) after
the beginning of protein synthesis and then
secreted via Golgi complex. This secretion is
affected by an inhibitor of transport from ER to
Golgi. To identify the AKR1B8 secretory path-
way, we analyzed its amino acid sequence
using SignalP 3.0, and found that AKR1BS8 does
not contain any signal peptide (probability =
0.000; Figure 3A). Exposing CT-26 cells to 10
pug/ml brefeldin A, a classical secretion path-
way inhibitor that blocks protein transport from
ER to Golgi, did not block but slightly stimulated
AKR1B8 secretion. As a positive control,
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Lysosomes are involved in
AKR1BS8 secretion

Secretory lysosome-mediated protein secre-
tion is a common and well-known non-classical
pathway [19, 26] and was examined for AKR1B8
secretion. Ammonium chloride (NH,Cl), a lyso-
somotropic drug increasing in lysosomal pH to
result in ApH decrease between cytosol and
vesicle lumen, promotes lysosome exocytosis
[36, 39, 40]. To study whether AKR1BS8-
containing vesicles behave as secretory lyso-
somes and compared the effects of lysosomo-
tropic drugs on Cathepsin D and AKR1B8
release, we cultured CT-26 cells were cultured
overnight with complete RPMI 1640 medium at

Int J Clin Exp Pathol 2014;7(7):3791-3799
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Figure 5. Lysosomes are involved in AKR1B8 secretion. A. AKR1B8 secretions
were enhanced by NH,Cl treatment. B. AKR1B8 was present inside the isolated

lysosomes by western blotting analysis.

the density of 1.5 x 10°% cells per well into
12-well plates. The mediums were replaced
with serum-free mediums with 50 mM NH,Cl,
and 30 min later, the culture supernatants were
collected and subjected to ELISA and Western
blot. As shown in Figure 5A, AKR1B8 and
cathepsin D secretions were enhanced by
NH,CI treatment. Lysosomes were isolated by
ultracentrifugation. Western blotting showed
that AKR1B8 was present inside the lyso-
somes, as indicated by Cathepsin D, and was
protected from proteinase K (0.0125 mg/ml)
digestion (Figure 5B).

Discussion

With more than 100 members, AKR proteins
represent a superfamily. This study showed
AKR1BS8, the ortholog of secretory human
AKR1B10, is also a secretory protein of this
superfamily. AKR1B8 is secreted through a
nonclassical pathway, as evidenced by lines of
experimental data: 1) no signal peptide in
amino acid sequence of AKR1BS8; 2) no effect
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o AKR1B8

Cathepsin D

of brefeldin A on AKR1B8
secretion; and 3) Positive
effect of temperature, ATP,
and Ca?" on AKR1B8 secre-
tion [23, 34]. ATP activates
G protein-coupled P2 rece-
ptors (P2Y and P2X recep-
[B-actin tors), triggers Ca?* mobiliza-
tion [441, 42], and provides
energy for the nonclassical
secretion. This study revea-
led that AKR1B8 secretion
is influenced by these

— AKR1B8

Cathepsin D

Cathepsin

-_— g e [3-2CtiN factors.

Several pathways are invo-
Ived in non-classical pro-
tein secretion, and a pro-
tein may export via multiple
non-classical secretory pa-
thways [43]. IL-1p releases
via (i) exocytosis of IL-1B-
containing secretory lyso-
somes [44], (ii) release of
IL1B from shed plasma
membrane  microvesicles
[45], (iii) fusion of multive-
sicular bodies with the plas-
ma membrane and subse-
quent release of IL-13-con-
taining exosomes, and (iv)
export of IL-1 through the
plasma membrane using specific membrane
transporters [46]. Multiple studies have indi-
cated that the plasma membrane-mediated
non-classical secretory pathway is a Ca?'-
dependent process [37, 47, 48]. In this study,
AKR1B8 secretion was regulated by Ca®*, so
plasma membrane-mediated vesicle transpor-
tation and exocytosis might be a mechanism of
AKR1BS8 secretion. The detailed mechanism of
AKR1BS8 release will be further explored in a
future study. The lysosome-mediated AKR1B8
was further confirmed with lysosome-specific
protein markers. Cathepsin D, a luminal protein
of lysosomes, was detected together with
AKR1BS8 in the medium of CT-26 cells. Non-
secretory [B-actin was not detected either,
excluding the protein sources from dead cells.
Taken together, these results suggest that
AKR1B8 is secreted through lysosomal
exocytosis.

In this study, we found that AKR1B8 in medium
has the same molecular weight as in cytosol
and retains enzymatic activity. Therefore, the

Int J Clin Exp Pathol 2014;7(7):3791-3799
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secreted AKR1B8 is functionally normal.
Several house-keeping reductases are secre-
tory, such as thioredoxin reductase (TrxR),
MVDP, DDH, AKR1B10 [49, 50]. AKR1B8 is an
important host-protection reductase, detoxify-
ing electrophilic carbonyls and their glutathione
conjugates at physiological levels [51]. AKR1B8
is secreted as an enzymatic active protein, sug-
gesting its potential role as a carbonyl scaven-
ger in cell spaces or far distant organs, particu-
larly in inflammatory tissues with enhanced
oxidative stress and lipid peroxidation [52].

In summary, this study identified AKR1B8 as a
novel secretory protein through a lysosomes-
mediated nonclassical pathway. Secreted
AKR1B8 may also play an important role in
reducing carbonyl compound and protecting
cells from oxidative stress damage. A better
understanding of AKR1B8 release mechanisms
is of significance to understanding the patho-
physiological roles of AKR proteins, and the
secretory feature of AKR1B8 may indicate its
potential significance for study of AKR1B10 in
human diseases.

Acknowledgements

This study was supported by National Nature
Science Founding of China (81372825),
Findings from China Hunan Provincial Science
and Technology Department (2012SK3065),
China Hunan Provincial Health Department
(B2012-157), China Hunan Provincial Education
Department (13C882) and Chenzhou Municipal
Science and Technology Bureau (CZ2013063).

Disclosure of conflict of interest

The authors indicated no potential conflicts of
interest.

Address correspondence to: Dixian Luo, Hunan
Engineering Laboratory of Medical Molecular
Diagnosis Technology, Institute of Translational
Medicine of University of South China, The First
People’s Hospital of Chenzhou, 102 Luojiajing Rd,
Chenzhou, Hunan 423000, P.R. China. Tel: 86-735-
2343902; Fax: 86-735-2343902; E-mail: luodixi-
an_2@163.com

References
[1] Gallego O, Ruiz FX, Ardevol A, Dominguez M,

Alvarez R, de Lera AR, Rovira C, Farres J, Fita |
and Pares X. Structural basis for the high all-

3797

(2]

(3]

(4]

(5]

)

(10]

(11]

[12]

(13]

trans-retinaldehyde reductase activity of the
tumor marker AKR1B10. Proc Natl Acad Sci U
S A 2007; 104: 20764-20769.

Petrash JM. All in the family: aldose reductase
and closely related aldo-keto reductases. Cell
Mol Life Sci 2004; 61: 737-749.

Petrash JM, Harter TM, Srivastava S, Chandra
A, Bhatnagar A and Srivastava SK. Structure-
function studies of FR-1. A growth factor-induc-
ible aldo-keto reductase. Adv Exp Med Biol
1999; 463: 435-443.

Srivastava SK, Das B, Hair GA, Gracy RW, Aw-
asthi S, Ansari NH and Petrash JM. Interrela-
tionships among human aldo-keto reductases:
immunochemical, kinetic and structural prop-
erties. Biochim Biophys Acta 1985; 840: 334-
343.

Srivastava S, Watowich SJ, Petrash JM, Srivas-
tava SK and Bhatnagar A. Structural and ki-
netic determinants of aldehyde reduction by
aldose reductase. Biochemistry 1999; 38: 42-
54,

Penning TM and Drury JE. Human aldo-keto re-
ductases: Function, gene regulation, and sin-
gle nucleotide polymorphisms. Arch Biochem
Biophys 2007; 464: 241-250.

Barski OA, Tipparaju SM and Bhatnagar A. The
aldo-keto reductase superfamily and its role in
drug metabolism and detoxification. Drug
Metab Rev 2008; 40: 553-624.

Martin HJ, Breyer-Pfaff U, Wsol V, Venz S, Block
S and Maser E. Purification and characteriza-
tion of akrlb10 from human liver: role in car-
bonyl reduction of xenobiotics. Drug Metab
Dispos 2006; 34: 464-470.

Martin HJ and Maser E. Role of human aldo-
keto-reductase AKR1B10 in the protection
against toxic aldehydes. Chem Biol Interact
2009; 178: 145-150.

Ma J, Luo DX, Huang C, Shen Y, Bu Y, Markwell
S, Gao J, Liu J, Zu X, Cao Z, Gao Z, Lu F, Liao DF
and Cao D. AKR1B10 overexpression in breast
cancer: association with tumor size, lymph
node metastasis and patient survival and its
potential as a novel serum marker. Int J Cancer
2012; 131: E862-871.

Liu Z, Yan R, Al-Salman A, Shen Y, Bu Y, Ma J,
Luo DX, Huang C, lJiang Y, Wilber A, Mo YY,
Huang MC, Zhao Y and Cao D. Epidermal
growth factor induces tumour marker
AKR1B10 expression through activator pro-
tein-1 signalling in hepatocellular carcinoma
cells. Biochem J 2012; 442: 273-282.
Martinez A, Pailhoux E, Berger M and Jean C.
Androgen regulation of the mRNA encoding a
major protein of the mouse vas deferens. Mol
Cell Endocrinol 1990; 72: 201-211.

Donohue PJ, Alberts GF, Hampton BS and Win-
kles JA. A delayed-early gene activated by fibro-

Int J Clin Exp Pathol 2014;7(7):3791-3799


http://dict.cn/carbonyl
http://dict.cn/compound
mailto:luodixian_2@163.com
mailto:luodixian_2@163.com

(14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

AKR1BS8 is a secretory protein

blast growth factor-1 encodes a protein related
to aldose reductase. J Biol Chem 1994; 269:
8604-8609.

Gui T, Tanimoto T, Kokai Y and Nishimura C.
Presence of a closely related subgroup in the
aldo-ketoreductase family of the mouse. Eur J
Biochem 1995; 227: 448-453.

Joshi A, Rajput S, Wang C, Ma J and Cao D.
Murine aldo-keto reductase family 1 subfamily
B: identification of AKR1B8 as an ortholog of
human AKR1B10. Biol Chem 2010; 391:
1371-1378.

Martinez A, Aigueperse C, Val P, Dussault M,
Tournaire C, Berger M, Veyssiere G, Jean C and
Lefrancois Martinez A. Physiological functions
and hormonal regulation of mouse vas defer-
ens protein (AKR1B7) in steroidogenic tissues.
Chem Biol Interact 2001; 130-132: 903-917.
Rizner TL. Enzymes of the AKR1B and AKR1C
Subfamilies and Uterine Diseases. Front Phar-
macol 2012; 3: 34.

Ji Q, Aoyama C, Chen PK, Stolz A and Liu P. Lo-
calization and altered expression of AKR1C
family members in human ovarian tissues. Mol
Cell Probes 2005; 19: 261-266.

Luo DX, Huang MC, Ma J, Gao Z, Liao DF and
Cao D. Aldo-keto reductase family 1, member
B10 is secreted through a lysosome-mediated
non-classical pathway. Biochem J 2011; 438:
71-80.

Bottger A, Strasser D, Alexandrova O, Levin A,
Fischer S, Lasi M, Rudd S and David CN. Ge-
netic screen for signal peptides in Hydra re-
veals novel secreted proteins and evidence for
non-classical protein secretion. Eur J Cell Biol
2006; 85: 1107-1117.

Bendtsen JD, Jensen LJ, Blom N, Von Heijne G
and Brunak S. Feature-based prediction of
non-classical and leaderless protein secretion.
Protein Eng Des Sel 2004; 17: 349-356.
Nickel W. The mystery of nonclassical protein
secretion. A current view on cargo proteins and
potential export routes. Eur J Biochem 2003;
270:2109-2119.

Mambula SS and Calderwood SK. Heat shock
protein 70 is secreted from tumor cells by a
nonclassical pathway involving lysosomal en-
dosomes. J Immunol 2006; 177: 7849-7857.
Delgado MA, Poschet JF and Deretic V. Non-
classical pathway of Pseudomonas aeruginosa
DNA-induced interleukin-8 secretion in cystic
fibrosis airway epithelial cells. Infect Immun
2006; 74: 2975-2984.

Tung A, Bergmann BM, Herrera S, Cao D and
Mendelson WB. Recovery from sleep depriva-
tion occurs during propofol anesthesia. Anes-
thesiology 2004; 100: 1419-1426.

Andrei C, Margiocco P, Poggi A, Lotti LV, Torrisi
MR and Rubartelli A. Phospholipases C and A2

3798

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

control lysosome-mediated IL-1 beta secretion:
Implications for inflammatory processes. Proc
Natl Acad Sci U S A 2004; 101: 9745-9750.
Johansson AC, Nandakumar KS, Persson AM,
Olsson | and Hansson M. Secretory lysosome
targeting and induced secretion of human sol-
uble TNF-alpha receptor in murine hematopoi-
etic cells in vivo as a principle forimmunoregu-
lation in inflammation and malignancy. Exp
Hematol 2009; 37: 969-978.

Cao D, Fan ST and Chung SS. Identification
and characterization of a novel human aldose
reductase-like gene. J Biol Chem 1998; 273:
11429-11435.

Ma J, Yan R, Zu X, Cheng JM, Rao K, Liao DF
and Cao D. Aldo-keto reductase family 1 B10
affects fatty acid synthesis by regulating the
stability of acetyl-CoA carboxylase-alpha in
breast cancer cells. J Biol Chem 2008; 283:
3418-3423.

Srivastava S, Harter TM, Chandra A, Bhatnagar
A, Srivastava SK and Petrash JM. Kinetic stud-
ies of FR-1, a growth factor-inducible aldo-keto
reductase. Biochemistry 1998; 37: 12909-
12917.

Lefrancois-Martinez AM, Tournaire C, Martinez
A, Berger M, Daoudal S, Tritsch D, Veyssiere G
and Jean C. Product of side-chain cleavage of
cholesterol, isocaproaldehyde, is an endoge-
nous specific substrate of mouse vas deferens
protein, an aldose reductase-like protein in ad-
renocortical cells. J Biol Chem 1999; 274:
32875-32880.

Rodriguez-Fernandez JL, Gomez M, Luque A,
Hogg N, Sanchez-Madrid F and Cabanas C.
The interaction of activated integrin lympho-
cyte function-associated antigen 1 with ligand
intercellular adhesion molecule 1 induces acti-
vation and redistribution of focal adhesion ki-
nase and proline-rich tyrosine kinase 2 in T
lymphocytes. Mol Biol Cell 1999; 10: 1891-
1907.

Mor-Vaknin N, Punturieri A, Sitwala K and Mar-
kovitz DM. Vimentin is secreted by activated
macrophages. Nat Cell Biol 2003; 5: 59-63.
Gudipaty L, Munetz J, Verhoef PA and Dubyak
GR. Essential role for Ca2+ in regulation of IL-
1beta secretion by P2X7 nucleotide receptor
in monocytes, macrophages, and HEK-293
cells. Am J Physiol Cell Physiol 2003; 285:
C286-299.

Di Virgilio F, Chiozzi P, Ferrari D, Falzoni S, Sanz
JM, Morelli A, Torboli M, Bolognesi G and Bari-
cordi OR. Nucleotide receptors: an emerging
family of regulatory molecules in blood cells.
Blood 2001; 97: 587-600.

Andrei C, Dazzi C, Lotti L, Torrisi MR, Chimini G
and Rubartelli A. The secretory route of the
leaderless protein interleukin 1beta involves

Int J Clin Exp Pathol 2014;7(7):3791-3799



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

AKR1BS8 is a secretory protein

exocytosis of endolysosome-related vesicles.
Mol Biol Cell 1999; 10: 1463-1475.

Rodriguez A, Webster P, Ortego J and Andrews
NW. Lysosomes behave as Ca2+-regulated
exocytic vesicles in fibroblasts and epithelial
cells. J Cell Biol 1997; 137: 93-104.

Mason MJ and Grinstein S. lonomycin acti-
vates electrogenic Ca2+ influx in rat thymic
lymphocytes. Biochem J 1993; 296: 33-39.
Ling H, Ardjomand P, Samvakas S, Simm A,
Busch GL, Lang F, Sebekova K and Heidland A.
Mesangial cell hypertrophy induced by NH4CI:
role of depressed activities of cathepsins due
to elevated lysosomal pH. Kidney Int 1998; 53:
1706-1712.

Tapper H and Sundler R. Role of lysosomal and
cytosolic pH in the regulation of macrophage
lysosomal enzyme secretion. Biochem J 1990;
272: 407-414.

del Rey A, Renigunta V, Dalpke AH, Leipziger J,
Matos JE, Robaye B, Zuzarte M, Kavelaars A
and Hanley PJ. Knock-out mice reveal the con-
tributions of P2Y and P2X receptors to nucleo-
tide-induced Ca2+ signaling in macrophages. J
Biol Chem 2006; 281: 35147-35155.

Solle M, Labasi J, Perregaux DG, Stam E, Pe-
trushova N, Koller BH, Griffiths RJ and Gabel
CA. Altered cytokine production in mice lacking
P2X(7) receptors. J Biol Chem 2001; 276: 125-
132.

Jiao L, Cao DP, Qin LP, Han T, Zhang QY, Zhu Z
and Yan F. Antiosteoporotic activity of phenolic
compounds from Curculigo orchioides. Phyto-
medicine 2009; 16: 874-881.

Xing Y, Myers RV, Cao D, Lin W, Jiang M, Ber-
nard MP and Moyle WR. Glycoprotein hormone
assembly in the endoplasmic reticulum: IV.
Probable mechanism of subunit docking and
completion of assembly. J Biol Chem 2004;
279: 35458-35468.

Yang J, Ni R, Cao D and Wang W. Polyelectro-
lyte-macroion complexation in 1:1 and 3:1 salt
contents: a Brownian dynamics study. J Phys
Chem B 2008; 112: 16505-16516.

3799

[46]

(48]

[49]

(50]

(52]

Manikam SD and Stanslas J. Andrographolide
inhibits growth of acute promyelocytic leukae-
mia cells by inducing retinoic acid receptor-in-
dependent cell differentiation and apoptosis. J
Pharm Pharmacol 2009; 61: 69-78.

Reddy A, Caler EV and Andrews NW. Plasma
membrane repair is mediated by Ca(2+)-regu-
lated exocytosis of lysosomes. Cell 2001; 106:
157-169.

QuYY, Franchi L, Nunez G and Dubyak GR. Non-
classical IL-1 beta secretion stimulated by
P2X7 receptors is dependent on inflamma-
some activation and correlated with exosome
release in murine macrophages. J Immunol
2007; 179: 1913-1925.

Soderberg A, Sahaf B and Rosen A. Thioredox-
in reductase, a redox-active selenoprotein, is
secreted by normal and neoplastic cells: pres-
ence in human plasma. Cancer Res 2000; 60:
2281-2289.

Ruiz FX, Gallego O, Ardevol A, Moro A, Domin-
guez M, Alvarez S, Alvarez R, de Lera AR, Rovi-
ra C, Fita |, Pares X and Farres J. Aldo-keto re-
ductases from the AKR1B subfamily: retinoid
specificity and control of cellular retinoic acid
levels. Chem Biol Interact 2009; 178: 171-177.
Zhong L, Liu Z, Yan R, Johnson S, Zhao Y, Fang
X and Cao D. Aldo-keto reductase family 1 B10
protein detoxifies dietary and lipid-derived al-
pha, beta-unsaturated carbonyls at physiologi-
cal levels. Biochem Biophys Res Commun
2009; 387: 245-250.

Bartsch H and Nair J. Oxidative stress and lipid
peroxidation-derived DNA-lesions in inflamma-
tion driven carcinogenesis. Cancer Detect Prev
2004; 28: 385-391.

Int J Clin Exp Pathol 2014;7(7):3791-3799



