
 

 
Re

ce
nt

 P
at

en
ts

 o
n 

An
ti-

C
an

ce
r 

D
ru

g 
D

is
co

ve
ry

������	��������
���������	������

������
����	
�
���

Send Orders for Reprints to reprints@benthamscience.ae184

Recent Patents on Anti-Cancer Drug Discovery, 2016, 11, 184-196

 

Aldo-Keto Reductase Family 1 Member B10 Inhibitors: Potential Drugs 
for Cancer Treatment 

Li Huanga,b,#, Rongzhang Hea,#, Weihao Luoa,#, Yuan-Shan Zhuc,d, Jia Lia, Tan Tana,b, Xi Zhanga,b,
Zheng Hua,c,* and Dixian Luoa,b,*  

 

aTranslational Medicine Institute, National & Local Joint Engineering Laboratory for High-through 
Molecular Diagnosis Technology, Collaborative Research Center for Post-doctoral Mobile Stations of 
Central South University, Affiliated the First People's Hospital of Chenzhou of University of South 
China, Chenzhou 432000, P.R.China; bCenter for Clinical Pathology, Affiliated the First People's 
Hospital of Chenzhou, University of South China, Chenzhou 432000, P.R.China; cDepartment of 
Clinical Pharmacology, Xiangya Hospital and Institute of Clinical Pharmacology, Central South Uni-
versity and Hunan Key Laboratory of Pharmacogenetics, Changsha, Hunan 410078, P.R.China; dDe-
partment of Medicine, Weill Cornell Medical College, New York, NY 10065, USA 

Received: October 20, 2015; Accepted: February 1, 2016; Revised: February 1, 2016 

Abstract: Cytosolic NADPH-dependent reductase AKR1B10 is a member of the aldo-keto reductase (AKR) superfamily. 
This enzyme is normally expressed in the gastrointestinal tract. However, it is overexpressed in many solid tumors, such 
as hepatocarcinoma, lung cancer and breast cancer. AKR1B10 may play a role in the formation and development of carci-
nomas through multiple mechanisms including detoxification of cytotoxic carbonyls, modulation of retinoic acid level, 
and regulation of cellular fatty acid synthesis and lipid metabolism. Studies have suggested that AKR1B10 may be a use-
ful biomarker for cancer diagnosis and a potential target for cancer treatment. Over the last decade, a number of 
AKR1B10 inhibitors including aldose reductase inhibitors (ARIs), endogenous substances, natural-based derivatives and 
synthetic compounds have been developed, which could be novel anticancer drugs. This review provides an overview on 
related articles and patents about AKR1B10 inhibitors, with a focus on their inhibition selectivity and mechanism of func-
tion.  
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1. INTRODUCTION 

 Aldo-keto reductase family 1 member B10 (AKR1B10), 
also known as aldose reductase-like-1 (ARL-1), is an impor-
tant member of the AKR1B subfamily [1, 2]. AKR1B10 is a 
36-kDa cytosolic reductase with a high amino acid sequence 
identity to AKR1B15 (92%) [3] and AKR1B1 (71%), re-
ferred to as aldose reductase (AR) [4]. AKR1B10 displays 
enzymatic activity for substrates such as retinaldehyde [5, 6], 
lipid peroxidation products [7-9], and xenobiotics [10, 11]. 
AKR1B10 is primarily expressed in normal epithelial tissues 
of digestive tract such as colon, small intestine, and stom-
ach, negatively or lowly expressed in non-digestive tract 
tissues [1, 2]. However, it presents an opposite expression 
rule in cancer tissues. AKR1B10 is overexpressed in many 
non-digestive tract solid cancers such as hepatocellular car-
cinoma [2], various types of lung cancer including lung  
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squamous cell carcinomas [12] and smoking related lung 
adenocarcinomas [13], cholangiocarcinomas [12], pancreatic 
carcinomas [14], and breast carcinomas [15]. On the con-
trary, the expression of AKR1B10 is downregulated in 
gastrointestinal cancer [16, 17]. AKR1B10 overexpression 
has been considered as a valuable biomarker and prognostic 
indicator for some cancers [15, 17, 18], and low expression 
of AKR1B10 has been used as a biomarker for the diagnosis 
of bowel diseases (US8551720) [19]. AKR1B10 is a protein 
secreted through a lysosome-mediated pathway and may 
serve as a potential serum marker for malignant diseases 
[20]. Methods based on specific antibodies against 
AKRIB10 (US8114606, US8685666) [21, 22] were devel-
oped for the detection of AKR1B10 in peripheral blood [23]. 

 Since AKR1B10 plays a significant role in cancer devel-
opment and progression, and has served as a diagnostic bio-
marker for some certain tumors,targeting AKR1B10 using 
specific inhibitors should be a desirable cancer treatment 
strategy. The development of potent and selective AKR1B10 
inhibitor as anticancer drugs has attracted growing atten-
tions. Recently, many AKR1B10 inhibitors have been devel-
oped rapidly [24-37]. We here, review the recent publica-
tions and patents related to AKR1B10 inhibitors. 

 2212-3970/16 $100.00+.00 © 2016 Bentham Science Publishers 
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2. ROLES OF AKR1B10 IN CANCER FORMATION 
AND DEVELOPMENT  

2.1. Functions of AKR1B10 

 AKR1B10 is an NADPH-dependent oxidoreductase, 
which efficiently catalyzes the reduction of various intracel-
lular cytotoxic carbonyl compounds [38] including oxidative 
stress products [8] and various drugs [39]. AKR1B10 can 
convert highly reactive carbonyl groups to less toxic hy-
droxyl groups to protect cells from carbonyl toxic injury, 
although it also participates in the activation of procarcino-
gens [40]. AKR1B10 possesses high enzymatic activity to 
reduce retinaldehyde isomers, especially all-trans-
retinaldehyde, to their corresponding retinols [5, 6], resulting 
presumably in a decrease of the cellular levels of retinoic 
acid, a signal molecule involved in cell proliferation and 
differentiation [41-44]. AKR1B10 has been shown to pro-
mote cell growth and survival via modulating lipid synthesis 
and membrane function by hindering the degradation of ace-
tyl-CoA carboxylase-� (ACCA), a rate-limiting enzyme in 
fatty acid synthesis, through the ubiquitination-proteasome 
pathway [45, 46]. AKR1B10 is also involved in protein 
prenylation through the farnesyl pathway [38, 47], a crucial 
event in carcinogenesis [14, 48]. Taken together, these stud-
ies suggest that AKR1B10 may play an important role in the 
development and progression of cancers. 

2.2. AKR1B10 in Cancer Formation and Development 

2.2.1. AKR1B10 in Cancer Formation 

 AKR1B10 is mainly confined to the distal gastrointesti-
nal tract [2], where directly exposes toxic carbonyl com-
pounds produced by the gut microbiota and from food intake 
[49]. AKR1B10 can metabolize carbonyl compounds to less 
toxic hydroxyl compounds, resulting in a protective effect on 
the gastrointestinal mucosa. AKR1B10 can also promote the 
synthesis of fatty acid/lipid in the gastrointestinal mucosa, 
facilitating the constant renewal of cryptic cells. Thus, a loss 
of AKR1B10 would have a detrimental outcome as observed 
in colon, gastric, head and neck cancers, in which AKR1B10 
was down-regulated [50]. Moreover, AKR1B10 shares a 
high sequence identity (82%) with mouse AKR1B8, and 
both are mainly expressed in the small intestine and colon, 
and possess similar efficiency in carbonyl detoxification and 
lipid biosynthesis [2, 51]. Recently, Shen et al. [52] have 
shown an increase in DNA mutations and dysplasia, and an 
impairment of epithelial cell proliferation in AKR1B8-
deficient mice by using the dextran sulfate sodium model of 
colitis. These reports collectively emphasize that AKR1 
isozymes such as AKR1B10 and AKR1B8 may play a vital 
role in modulating the development of ulcerative colitis and 
colitis-associated colorectal cancer in mammals. However, 
the mechanisms underlying AKR1B10 overexpression in 
many non-digestive tract cancers [12, 13, 15, 18] are still not 
well elucidated, therefore efforts are needed to discover the 
relationship between AKR1B10 overexpression and cancer 
formation. 
2.2.2. AKR1B10 in Cancer Development 

 Numerous studies indicated that AKR1B10 was impli-
cated in the development of various cancers. In colorectal 

carcinoma HCT-8 cells, knockdown of AKR1B10 by siRNA 
(small interfering RNA) resulted in growth inhibition and 
cell susceptibility to reactive carbonyls [10]. In both HCT-8 
and lung carcinoma NCI-H460 cells, knockdown of 
AKR1B10 promoted cell apoptosis, which was mediated 
through mitochondrial dysfunction and oxidative stress [46]. 
The growth of hepatocellular carcinoma in xenograft mice 
was inhibited by AKR1B10 silencing [53]. In MHCC97H 
hepatoma cell line, knockdown of AKR1B10 decreased the 
expression of oncogenes such as c-myc, c-fos and N-ras, and 
the proliferation-associated gene Ki-67, while increased ex-
pression of apoptosis-promoting genes bax and caspase-3 
[54]．These data suggest that AKRlBl0 might promote cell 
proliferation, inhibit apoptosis and then induce malignant 
transformation in hepatocytes via the regulation of oncogene 
expression. In contrast, silencing of AKR1B10 in tumor cells 
could inhibit cancer cell growth and cancer progression. 
AKR1B10 overexpression has shown to increase cell growth 
in U937 leukemia cells, which was inhibited by an 
AKR1B10 inhibitor [55]. Similar observations have been 
reported in pancreatic [56] and breast cancer cells [15, 45].  
2.2.3. AKR1B10 and Cancer Chemoresistance 

 It has been reported that AKR1B10 also shows reduction 
activity for the tobacco carcinogen 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone, the antiemetic 5-HT3 (type 3 sero-
tonin) receptor antagonist dolasteron, and the anticancer 
drugs oracin and daunorubicin [11]. Furthermore, recent 
studies indicate that the C13 ketonic group in daunorubicin 
and idarubicin can be reduced by the high level of AKR1B10 
protein, leading to drug resistance of cancer cells to carbonyl 
group-bearing cytostatic drugs [39, 57, 58]. This is a mecha-
nism of chemoresistance in AKR1B10-overexpressed tu-
mors. AKR1B10 was upregulated in doxorubicin-resistant 
human gastric cancer MKN45 cells [59], mitomycin c-
resistant colon cancer HT29 cells [60], and cisplatin-resistant 
human lung cancer A549 cells [61]. Phenolphthalein and 
lithocholic acid can decrease the reduction of dolasetron by 
inhibiting AKR1B10 activity, leading to a potentiation of 
dolasetron actions [11]. Multiple studies reported that fi-
brates were able to inhibit AKR1B10 activity [62, 63]. Fi-
brates and fibrate analogs including fenofibrate, Wy-14,643, 
and ciprofibrate were reported to inhibit the carbonyl reduc-
tion activity of AKR1B10 in a mixed non-competitive man-
ner [62]. These findings suggest that AKR1B10 is well in-
volved in the drug resistance of cancer cells. Recently, Ma-
tsunaga et al. [55] reviewed that the roles of AKR1B10 in 
cancer chemoresistance were mainly due to its three capaci-
ties, namely, to reduce anticancer drugs into their harmless 
forms, to protect cancer cells from damage evoked by the 
drugs, and to offset their lethal effects through activating 
growth signaling pathways. 

3. STRUCTURE OF AKR1B10-INHIBITOR COM-
PLEXES 

 AKR1B10 protein folds into an (�/�) 8 barrel topology, a 
typical structure for the aldo-keto reductases [43, 64, 65]. 
AKR1B10 shares high amino acid sequence identity and 
similar topology with AR, and thus, the structures of these 
two enzymes in complex with NADP+ and inhibitors are ur-
gently needed for screening selective AKR1B10 inhibitors. 
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There are currently more than 100 X-ray structures of AR 
deposited in the PDB (Protein Data Bank). Nevertheless, 
only 13 different crystallographic structures of AKR1B10 
have been released (Table 1). AKR1B10 and AR have dif-
ferent substrate specificity and inhibitor selectivity mainly 
due to residue differences in their three external and variable 
loops [35]. 

 Gallego et al. [4] solved the first crystal structure of 
AKR1B10 in complex with NADP+ and tolrestat (1), a pow-
erful inhibitor of AKR1B1 designed to treat type 2 diabetic 
complications [66]. Subsequently, in vitro studies have dis-
covered potent and selective AKR1B10 inhibitors [24, 26-
29, 33, 34, 38]. The analysis of interactions between 
AKR1B10 and tolrestat shows that residues Tyr-49, His-111, 
and Trp-112 form hydrogen bonds with the carboxyl group 
in tolrestat, together with the positive charge of cofactor, 
defining an anion-binding pocket. The so-called “specificity 
pocket”, a hydrophobic subpocket within the active site of 
AR and AKR1B10, which appears upon the binding of cer-
tain inhibitors, causing an induced-fit phenomenon [67], is 
defined by the nicotinamide moiety of the cofactor and Trp-
21, Val-48, Trp-80, Trp-112, Phe-116, Phe-123, Trp-220, 
Cys-299, Val-301, Gln-303. Tolrestat is bound in the sub-
strate-binding pocket of AKR1B10, a wide and hydrophobic 
pocket defined by the amino acid residues in the active site 
and three external loops [68, 69], establishing essentially the 
same interactions as in AKR1B1 [70]. AKR1B10 shows 
higher retinaldehyde reductase activity than AKR1B1 [5, 6], 
especially high activity towards all-trans-retinaldehyde [4]. 
The external part of the substrate-binding site, including po-
sitions 125 and 301, where the retinoid cyclohexene ring 
binds, is responsible for high activity of AKR1B10 to all-
trans-retinaldehyde, and substitutions in the cyclohexene ring 

also influence the specificity. In principle, any compound 
with AKR1B1 inhibitory activity should form key hydrogen 
bonds with Tyr-48, His-110 and Trp-111 in the catalytic do-
main [71]. Correspondingly, conserved residues Tyr-49, His-
111 and Trp-112 play a key role in AKR1B10 catalytic and 
inhibitor activity [4]. Two steroidal derivatives were synthe-
sized as potent and selective AKR1B10 inhibitors [30], but 
they cannot make full use of the three residues to establish 
hydrogen bonds. Thus, adding a carboxyl group to the ster-
oid ring may help for designing new efficient steroidal de-
rivatives against AKR1B10. The structures of AKR1B10 in 
complex with tolrestat and AKR1B10 V301L mutant in 
complex with AKR1B1 inhibitors fidarestat (6) or sorbinil 
(4) [72] (PDB ID: 1ZUA, 4GAB and 4GA8, respectively) 
show almost identical inhibitor binding patterns to those of 
the corresponding AKR1B1-inhibitor (tolrestat, fidarestat  
or sorbinil) complex structures (PDB ID: 2FZD, 1EF3, 
2PDK, respectively). However, the selectivity of AKR1B10 
inhibitors cannot be explained only by the inhibitor binding 
pattern similarity. Crystal structures of the AKR1B10 
holoenzyme and of the ternary complexes with several ARIs 
or with AKR1B10 inhibitors were reported by Zhang et al.
[73]. These structures indicated that Trp-112 side-chain flip-
ping at the active site of AKR1B10 and inhibitor-induced 
"specificity pocket" opening result in a similar geometry of 
the binding site between AKR1B1-inhibitor and AKR1B10-
inhibitor complexes. The inhibitor selectivity between 
AKR1B10 and AKR1B1 are affected by the native confor-
mations of Trp-112 (Trp-111). The crystal structure of 
AKR1B10 in complex with caffeic acid phenethyl ester 
(CAPE, 22), an efficient AKR1B10 inhibitor in vitro [74, 
75], not only shows that classical hydrogen bonds are indeed 
formed between the catechol moiety of CAPE and the active-

Table 1. Crystal Structures for AKR1B10 Deposited in the Protein Data Bank. 

AKR1B10 CoFactor Inhibitor IC50 (�M) Resolution (Å) PDB ID Release Date 

Wild type NADP+ Tolrestat (1) 0.012 1.25 1ZUA Nov 2006 

Val301Leu NADP+ Fidarestat(6) 33 1.60 4GAB Mar 2013

Val301Leu NADP+ Sorbinil (4) 9.6 1.94 4GA8 Aug 2013 

Wild type NADP+ � � 1.92 4GQG Aug 2013 

Wild type NADP+ Caffeic acid phenethyl ester(22) 0.08 2.10 4GQ0 Aug 2013 

Wild type NADP+ Flufenamic acid 0.76 2.10 4I5X Oct 2013 

Wild type NADP+ Zopolrestat (3)  0.62 2.20 4JII Oct 2013 

Wild type NADP+ Epalrestat (5) 0.33 2.30 4JIH Oct 2013 

AKME2MU NADP+ JF0064 (29)a 1 1.75 4ICC Feb 2014

AKME2MU NADP+ Sulindac (34) 0.35 1.45 4WEV Jan 2015 

AKME2MU NADP+ JF0049 (30)b 0.45 1.70 4XZL Nov 2015 

Methylated wild type NADP+ � � 1.75 4XZM Nov 2015 

AKME2MU NADP+ � � 1.70 4XZN Nov 2015 
a JF0064, 2,2',3,3',5,5',6,6'-octafluoro-4,4'-biphenyldiol. 
bJF0049, 2-(2, 4-dioxo-3-(2, 3, 4, 5-tetrabromo-6-methoxybenzyl)-3, 4-dihydropyrimidin-1 (2H) -yl) acetic acid. 
AKME2MU, methylated AKR1B10 K125R/V301L mutant. 
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site residues of AKR1B10, but also clearly explains the dif-
ferent selectivity of CAPE derivatives towards AKR1B1 and 
AKR1B10. CAPE induces slight movements of Phe-123 and 
Leu-302 that favor interactions between the phenethyl tails 
with the so-called specificity pocket, but does not induce 
meaningful conformational changes at the active site in 
AKR1B10. This finding is very different from the 
AKR1B10/NADP+/tolrestat crystal structure, in which tol-
restat induces the movement of the Leu-302-Ser-304 seg-
ment, which closes the specificity pocket, and side-chain flip 
of Trp-112 [4].  
 By using the surface lysine methylation (SLM) tech-
nique, that can improve the success rate of protein crystalli-
zation by chemically methylating lysine residues, Cousido-
Siah et al. solved the structure of the methylated 
AKR1B10K125R/V301L-JF0064 (29) complex [35]. The 
polyhalogenated compound is characterized as a novel lead, 
a tetrafluorophenol moiety that targets both AKR1B10 and 
AR. The same group also solved the methylated 
AKR1B10K125R/V301L-sulindac complex, which showed 

that sulindac (34) and its sulfone might be a drug lead for 
selective AKR1B10 and AR inhibitors [32], and the methy-
lated AKR1B10K125R/V301L-JF0049, which explained 
that the selectivity of JF0049 (30) for AKR1B10 is probably 
due to its bulkier aryl moiety that cannot occupy the AR 
specificity pocket but fitting into the larger AKR1B10 active 
site, including a subpocket defined by loop A that does not 
exist in AR [36]. These studies collectively pave the way for 
future efforts in structure-guided drug discovery to target 
AKR1B10. 

4. AKR1B10 INHIBITORS 

 As a novel target for prevention and treatment of cancer, 
many inhibitors of AKR1B10 have been extensively ex-
plored during the past decade. According to their origin, 
AKR1B10 inhibitors are divided into four main classes: 1) 
well-known ARIs, 2) endogenous substances, 3) natural-
based derivatives and 4) synthetic products. The structures of 
typical inhibitors from each class and their selectivity of en-
zymes are shown in Table 2.

Table 2. The Chemical Structures of AKR1B10 Inhibitors.  

No. AKR1B10 Inhibitors Chemical Formula Selectivity Ref. 

1 Tolrestat 

S

CF3

OCH 3

NCH 3

OH

O

AKR1B1 

 AKR1B10 

 AKR1A1 

[73] 

2
EBPC 

Ethyl-1-benzyl-3-hydroxy-2(5H)-oxopyrrole-4-carboxylate 

N CO2 Et

OHO

AKR1B1 

 AKR1B10 

 AKR1A1 

[62] 

3 Zopolrestat 

OH

N

N
O

O

S

N

CF 3

AKR1B1 

AKR1A1  

AKR1B10 

[62, 73] 

4 Sorbinil 

O

NH

NH

O

O
AKR1B1  

AKR1A1  

AKR1B10 

[62, 73] 

5 Epalrestat 
S

N
O

S
OH

O

AKR1B1 

AKR1A1  

AKR1B10 

[73] 
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Table (2) contd….

No. AKR1B10 Inhibitors Chemical Formula Selectivity Ref. 

6 Fidarestat 

O
NH 2

NH

HN

O

O
F

O

AKR1B1 

AKR1A1  

AKR1B10 

[72, 76] 

7
Statil 

[3-(4-Bromo-2-fluorobenzyl)-4-oxo-3H-phthalazin-1-yl] 
acetic acid N

N

O

OH

O

F

Br

AKR1B1 

AKR1A1  

AKR1B10 

[77] 

8 Isolithocholic acid 

H
O

H

H
H

O

O

H

H

H

AKR1B10 

AKR1B1 
[38] 

9 Androst-4-ene-3,6-dione 
O

O

AKR1B10 

AKR1B1 
[30] 

10 Androst-4-ene-3�,6�-diol 

HO
OH

AKR1B10 

AKR1B1 
[30] 

11 PGA1 
C OOH

OH

O

AKR1B10 

AKR1B1? 
[33] 

12 Apigenin O

OH O

H

HO

OH

H

AKR1B10  

AKR1B1 
[78] 

13 Luteolin O

OH O

H

HO

OH

OH

AKR1B10  

AKR1B1 
[78] 

14 7-Hydroxyflavone O

H O

H

HO

H

H

AKR1B10  

AKR1B1 
[78] 
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Table (2) contd…. 

No. AKR1B10 Inhibitors Chemical Formula Selectivity Ref. 

15 Magnolol 

OH

CH 2

OH

CH2
AKR1B10  

AKR1B1 
[24] 

16 Honokiol CH 2

OH

CH2

OH

AKR1B10  

AKR1B1 
[24] 

17 Resveratrol 
HO

OH

OH

AKR1B10  

AKR1B1 
[24] 

18
BDMC 

Bisdemethoxycurcumin 
OH OH

O O
AKR1B10  

AKR1B1 
[24] 

19 Butein 

OH

OH O

OH

OH

AKR1B10  

AKR1B1 
[28] 

20 Oleanolic acid 

OH

OH

O

AKR1B10  

AKR1B1 
[29] 

21 �-Mangostin 
OH

OH

O OH

OH

AKR1B10 

 AKR1B1 

AKR1A1 

[34] 

22 CAPE O
( CH 2)2 Ph

O

HO

HO

H

AKR1B10  

AKR1B1 
[74] 

23 3-(4-Hydroxy-2-methoxyphenyl) acrylic acid 3-(3-
hydroxyphenyl) propyl ester 

OH

OMe

O (CH 2)3 Ph (3-OH)

O

AKR1B10  

AKR1B1 
[74] 

24
MTF 

 9-Methyl-2,3,7-trihydroxy-6- fluorone 
O

OH

OH

C H3

OH

O

AKR1B10  

AKR1B1 
[25] 

25 (Z)-2-(4-Methoxyphenylimino)-7-hydroxy-N -(pyridin-2-
yl)-2H-chromene-3 -carboxamide 

O

N
H

O

N

N

OCH 3

OH

AKR1B10 

 AKR1B1 

AKR1A1 

[27] 
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Table (2) contd…. 

No. AKR1B10 Inhibitors Chemical Formula Selectivity Ref. 

26 7-Hydroxy-2-(4-methoxyphenylimino)-2H-chromene-3 -
carboxylic acid benzylamide 

OHO

N
H

Bn

O

N

OMe

AKR1B10 

 AKR1B1 
[31] 

27 UVI2008 
B r

OH

O

AKR1B10 

 AKR1B1 

 AKR1C3? 

[79] 

28 Androstane-3�,5�, 6�,19-tetraol 
OH

HO
OH

OH

AKR1B10 

 AKR1B1? 
[80] 

29 JF0064 

F

HO

F F

FF

F

OH

F

F

AKR1B10 

 AKR1B1 
[35] 

30 JF0049 

Br

Br

Br

OMe

Br N

N

C O2 H

O

O

AKR1B10 

 AKR1B1 
[36] 

31
GA

Glycyrrhetic acid 

OH

H

H

H

OH O

O
AKR1B10 

 AKR1B1 

AKR1C3 

[26] 

32 Diclofenac 
N

H

C l

Cl

O

OH

AKR1B10 

 AKR1B1 

AKR1C3 

[26] 

33 Flufenamic acid 
H
N

HO

F

FF
O AKR1B10 

 AKR1B1 

AKR1C3 

[26] 

34 Sulindac 

OH

O

F

SO

AKR1B10 

 AKR1B1 

AKR1C3 

[48, 81] 
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4.1. Aldose Reductase Inhibitors (ARIs) 

 Some of the present ARIs (aldose reductase inhibitors) 
have various undesirable side effects in their clinic applica-
tion, which were mainly due to the cross-inhibition of ARIs 
versus other enzymes. Among them, AKR1A1 has been sys-
tematically analyzed as the main cross-inhibition target [65, 
82, 83]. Selectivity of ARIs for AKR1B10 also has been 
attracting an increasing attention for its high similarity to 
AKR1B1. Tolrestat, a well-known ARI [4, 62, 63], was re-
ported to be the most potent inhibitor for AKR1B10 (1). It 
inhibited the reductase activity of AKR1B10 with an IC50 
value of approximately 10 nM. In monkey kidney fibroblast 
COS-1 cells, ectopically expressed AKR1B10 was also 
completely inhibited by 10 �M tolrestat [4, 5]. Furthermore, 
ARIs including EBPC (2), zopolrestat (3) (US4939140) [84] 
and sorbinil (4) (US4130714) [85] also inhibit AKR1B10 
activity [62, 63]. Epalrestat (5) (US4464382), an ARI [86], 
has been approved for the treatment of diabetic complica-
tions in Japan several years ago [87-89]. To improve its effi-
ciency, various preparations of epalrestat have been intro-
duced such as a potassium anhydrate salt, a sodium anhy-
drate salt, and a 1-(2-hydroxyethyl)-pyrrolidine anhydrate 
salt (WO2010011922, US20110275681) [90, 91]. Moreover, 
novel cocrystal preparations of epalrestat were also reported, 
including choline hydrogen diepalrestat, betaine hydrogen 
diepalrestat and choline hydrogen diacid cocrystal of epal-
restat (WO2010028132, WO2010011926, US2015057319) 
[92-94]. Nevertheless, epalrestat was also reported to inhibit 
AKR1B10 [73]. Except for epalrestat, the ARI fidarestat(6) 
could also be used as a therapeutic drug for its low in vivo 
side effects [95]. Fidarestat showed low inhibitory effect on 
wild-type AKR1B10, but presented high potency against 
AKR1B10 V301L mutant [72].Recent studies have indicated 
that statil (7), an ARI, can suppress the growth and prolifera-
tion of BT-20 (breast cancer cell lines) and NCI-H460 (lung 
cancer cell lines), and also shows a good AKR1B10 inhibi-
tory effect [77]. These studies indicated that the overexpres-
sion of AKR1B10 in cancers could be eliminated by ARIs. A 
review about ARIs also suggested that these compounds may 
be novel antitumor drugs by targeting AKR1B10 [96].  

4.2. Endogenous Substances  

 Endogenous compounds including steroids and their me-
tabolites were reported to inhibit the reductase activity of 
AKR1B10 [38]. Cholanic acid derivatives, C21-, C19- and 
C18-steroids displayed IC50 values to AKR1B10 in the range 
of 0.03-40 �M. Among the cholanic acids and their deriva-
tives, isolithocholic acid (8) was the most selective inhibitor 
for AKR1B10. Docking analysis indicated that tolrestat and 
isolithocholic acid bind to overlapping sites within the active 
site. Subsequently, a series of ketosteroids and hydroxyster-
oids were designed and synthesized to screen out more effi-
cient AKR1B10 inhibitors [30]. Among them, androst-4-ene-
3,6-dione (9) was the most specific inhibitor for AKR1B10 
with an AKR1B10/AKR1B1 selectivity ratio of 195 and an-
drost-4-ene-3�,6�-diol (10) was the most potent inhibitor for 
AKR1B10 with an IC50 value of 0.5 �M. Virtual screening 
multiple binding pocket conformation indicated that the car-
bonyl oxygen of androst-4-ene-3,6-dione cannot form hy-
drophobic interactions with Phe-115, Leu-300 and Pro-310, 

which are important in supporting AKR1B1 inhibition activ-
ity [71]. Two hydrogen bonds were formed between car-
bonyl oxygen of androst-4-ene-3,6-dione with residues Tyr-
49 and His-111 of AKR1B10, while only one hydrogen bond 
was formed between hydroxyl of androst-4-ene-3�,6�-diol 
and residue Trp-112. This can well explain the function dif-
ferences between them. Cyclopentenone prostaglandins 
(cyPG) are endogenous reactive eicosanoids and cyclopente-
none prostaglandin A1 (PGA1, 11) has been reported re-
cently to inhibit AKR1B10 with high efficiency and to in-
crease the efficacy of the antitumor drug doxorubicin [33]. 
Mutagenesis studies suggested that Cys299 is necessary for 
PGA1-mediated inhibition of AKR1B10. Inhibition of 
AKR1B10 by endogenous substances could balance the ex-
pression of AKR1B10 and their metabolic regulation in vivo. 

4.3. Natural-Based Derivatives 

 Natural-based derivatives are composed of five sub-
classes: plant polyphenols, pentacyclic triterpenoids, xan-
thone derivatives, caffeic acid phenethyl ester (CAPE) de-
rivatives, and other compounds extracted from Korean native 
plants. 
 Studies have been performed to check the inhibitory ef-
fects of plant polyphenols on AKR1B10 and AKR1B1. Fla-
vones could be used as a new structural type of AKR1B10 
inhibitor [78]. The strongest flavones, apigenin (12), luteolin 
(13), and 7-hydroxyflavone (14), can significantly inhibit 
reductase activities of human recombinant AKR1B10. Cur-
cumin and curcumin-like derivatives were tested to target 
AKR1B10 with high affinities [97]. Curcuminoids, magnolol 
(15), honokiol (16) and resveratrol (17) are active substances 
with higher efficiency for AKR1B10 than for AKR1B1  
[24]. Among them, bisdemethoxycurcumin (BDMC, 18) 
(CN104591987) [98] is the most prominent one, showing an 
AKR1B10/AKR1B1 selectivity ratio of 85 and a low IC50 
value. The related docking and site-directed mutagenesis 
analyses suggest that Gln-303, Val-301 and Gln-114 are all 
essential for curcuminoid potency and selectivity against 
AKR1B10. The above substances were also reported to pre-
sent antitumor properties [99-102], and the inhibition effect 
on AKR1B10 might be one of mechanisms on their antican-
cer activities. Other plant polyphenols, such as butein 
(WO2014081124) [103] isolated from Rhus verniciflua, a 
medicinal plant, and dicaffeoyl quinic acid (CN104710312) 
[104] were also reported to can inhibit AKR1B10 [28, 105]. 
Compounds isolated from R. verniciflua showed potent in-
hibitory effects on AKR1B1 and AKR1B10 [106, 107]. Song 
et al. [28] reported that butein (19) extracted from R. ver-
niciflua was a potent uncompetitive inhibitor for AKR1B10 
and its inhibition pattern was the same as that found against 
AKR1B1 [106], although its potency against AKR1B1 was 
slightly higher. Numerous former studies have indicated that 
human bladder carcinoma and hepatoma could also be sup-
pressed by butein through various mechanisms [108, 109]. 
Pentacyclic triterpenoids, such as plant-derived betulinic 
acid, are cytotoxic to various cancer cells [110-113]. Penta-
cyclic triterpenoids have a variety of functions including 
hepatoprotective, anti-HIV, anti-inflammatory and im-
munoregulation. Most Asian countries have used plants con-
taining these triterpenoids as herbal medicines. Pentacyclic 
triterpene oleanolic acid (20) (CN101768201) [114] can 
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competitively inhibit AKR1B10, which was the most potent 
and selective inhibitor against AKR1B10 (1370-fold versus 
AKR1B1) and residues Gln-303 and Val-301 are indispensa-
ble for its high efficiency [29]. Xanthones extracted from 
mangosteen peel, have been reported to exhibit anti-cancer 
effects [115, 116]. �- and �-mangostins, are xanthone deriva-
tives, constituents of the pericarp of mangosteen. Both of 
them showed an inhibitory effect on AKR1B10 in a competi-
tive manner, and �-mangostin (21) was the more potent one 
[34]. The putative binding model revealed that the high inhi-
bition performance by �-mangostin was due to its tight bind-
ing, which was mainly provided by Gln-303, Val-301, Phe-
123 and Trp-220. The reason for the reduced inhibitory po-
tency of �-mangostin was that its 7-methoxy group changed 
the location of the inhibitor in the substrate-binding site of 
the enzyme.  
 Cinnamic acid and analogues of its phenolic, these natu-
ral-derived substances, have attracted a lot of attention as 
antitumor agents [117]. Soda et al. [74] compared the inhibi-
tory actions of cinnamic acid derivatives extracted from pro-
polis on AKR1B1 and recombinant AKR1B10, and found 
that caffeic acid phenethyl ester (CAPE,22) and its derivative 
3-(4-hydroxy-2-methoxyphenyl) acrylic acid 3-(3-hydroxy- 
phenyl) propyl ester (23) were the most potent competitive 
inhibitors for AKR1B10. Compound 23 displayed an 
AKR1B10/AKR1B1 selectivity ratio of 790; its high inhibi-
tory selectivity was determined by the interactions between 
the residues Val-301 and Gln-114 of AKR1B10 and the 2-
methoxy and 3-hydroxyl groups of itself, respectively. 
Pharmaceutical composition containing extracts of many 
native plants (WO2011052846) [118] could reduce the acti-
vation of AKR1B10 in cancer and nutraceutical food con-
taining extracts of Ligularia fischeri var. spiciformis Nakai
(KR20110118748) [119] could be used to prevent or to treat 
cancer for their inhibitory activity toward AKR1B10. Lead 
compounds from natural products for AKR1B10 inhibitor 
discovery are abundant, which could facilitate us to find 
highly selective inhibitors for AKR1B10. 

4.4. Synthetic Products 

 Synthetic products are divided into two classes. One class 
is non-drug synthetic compounds, which include a fluorone 
derivative, chromene derivatives, aromatic retinoids (aroti-
noids), polybrominated compounds, and so on. The other 
class includes drugs, such as non-steroidal anti-inflammatory 
(NSAID). 
4.4.1. Non-Drug Synthetic Compounds 

 Through the approach of selecting chemical complemen-
tarity and steric fitting within the active site of the enzyme 
by in silico screening, 9-methyl-2,3,7- trihydroxy-6-fluorone 
(MTF, 24), a fluorone derivative, was demonstrated to be a 
potent competitive inhibitor with 4-fold selectivity for 
AKR1B10 over AKR1B1 [25]. The molecular docking 
model and the mutagenesis analysis indicated that Lys-125 
and Gln-303 were the residues participating in its binding to 
AKR1B10. By adopting the virtual screening approach, 
some chromene-3-carboxamide derivatives were identified 
as potent competitive inhibitors of AKR1B10. (Z)-2-(4-
methoxyphenylimino)-7-hydroxy-N-(pyridin-2-yl)-2H chro- 
mene-3-carboxamide (25), a (Z)-2-(phenylimino)-7-hydroxy-

N-(pyridin-2-yl)-2H- chromene-3-carboxamide (PHPC) de-
rivative, most potently inhibited AKR1B10, and the 4-
methoxy group of 25 on its 2-phenylimino moiety was a 
necessary for inhibitory activity [27]. Lately, the inhibitory 
effect of some 25-based synthetic derivatives on AKR1B10 
was evaluated and the most potent inhibitor among them  
was 7-hydroxy-2-(4-methoxyphenylimino)-2H-chromene-3-
carboxylic acid benzylamide (26) [31]. Not the 4-methoxy 
group, but its 7-hydroxyl group in the chromene ring is an 
essential structure base for inhibitory activity. The interac-
tions between the 7-hydroxyl group and the benzylamide 
moiety of 26 and the enzyme catalytic residues Tyr-49, His-
111 and Trp-220 are necessary for the potent inhibition. Re-
cently, some aromatic retinoid (arotinoids) were synthesized 
and their inhibitory potency against AKR1B10 and AKR1B1 
was explored [79]. Some of them bind to RXR (retinoid X 
receptors) and others to RAR (retinoic acid receptors), and 
even exhibit higher selectivity for AKR1B10. UVI2008 (27)
[120], a retinoic acid receptor (RAR) �/� agonist, was a po-
tent and selective inhibitor of AKR1B10 with its carboxyl 
group binding to the anion-binding pocket of the enzyme. It 
worked as both receptors' ligand and AKR inhibitor, and 
could be regarded as a lead agent in the design of bifunc-
tional drugs [79]. Androstane-3�,5�,6�,19-tetraol (28)
(CN104497086)[80], a polyhydroxysterol compound, has 
high inhibitory activity on AKR1B10 and exhibits good se-
lectivity. It can be used as a selective inhibitor of AKR1B10. 
Newly, two synthesized polyhalogenated compound 
2,2�,3,3�,5,5�,6,6�-octafluoro-4,4�-biphenyldiol (JF0064, 29)
and 2-(2,4-dioxo-3-(2,3,4,5-tetrabromo-6-methoxybenzyl)-
3,4-dihydropyrimidin-1(2H)-yl) acetic acid (JF0049, 30)
were reported to be potent AKR1B10 inhibitors [35, 36]. 
JF0064 is a non-competitive inhibitor for both AR and 
AKR1B10. The binding structures show that JF0064 does 
not open the specificity pocket in either of the two structures, 
however it interacts with the catalytic residues of the en-
zymes through a negatively charged hydroxyl group (i.e. the 
acidic phenol) [35]. JF0049 is found to be selective for 
AKR1B10, which is probably due to its bulkier aryl moiety 
unable to occupy the AR specificity pocket and its improved 
fitting into the larger AKR1B10 active site, including a  
subpocket defined by loop A [36]. The application of  
5-carboxymethyl-3-mercapto-1,2,4-triazino-[5,6-B]indoles 
(WO2015057175) [121], and drug composition containing 
this compounds was due to their ability to inhibit AKR1B1 
and AKR1B10. Compounds with a 2-cyclopentenone struc-
ture (WO 2011117453) [122] can also be used as inhibitors 
for AKR1B10. Based on these effective synthetic com-
pounds, the development of more potent and selective 
AKR1B10 inhibitors is promising.  
4.4.2. Drugs 

 NSAIDs are effective for treating breast, prostate, lung 
and colon cancers [123, 124]. Glycyrrhetic acid (GA) (31), 
as an NSAID, inhibits the growth of liver cancer [125, 126]. 
Diclofenac (32), one kind of NSAID, has been reported as a 
selective AKR1B10 inhibitor [127]. The inhibitory effect of 
NSAIDs on ARK1B10 and AKR1B1 were used to screen 
selective AKR1B10 inhibitors from other drugs applied in 
clinic [26]. It was found that GA, N-phenyl-anthranilic acids, 
flufenamic acid (33), and diclofenac are potent and selective 
competitive inhibitors of AKR1B10, and the hydrogen-bond 
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interactions between the NSAIDs and residues Gln-114, Val-
301 and Ser-304, together with the side chain of Val-301, are 
of great importance in the inhibitory potency and selectivity 
of NSAIDs [26]. The inhibitory potency of NSAIDs against 
AKR1B10 is comparable or lower than that against AKR1C3 
[128-131], while GA is less potent against AKR1C3 [131]. 
Sulindac (34) belongs to the indole acetic acids of NSAIDs 
and is also a potent competitive inhibitor of AKR1B10. It 
inhibits the occurrence of pancreatic cancer through sup-
pressing K-ras protein prenylation by targeting AKR1B10 
[48]. Consistent with the previous reports [81], sulindac has 
shown higher inhibitory potency against AR than AKR1B10, 
which might be illustrated by the two ordered and buried 
water molecules only existing in AKR1B10 and the different 
orientation and stacking interaction given by Phe122/Phe123 
[Protein Data Bank (PDB) entry 4WEV] [32]. These reports 
suggest that an alternative way to discover new AKR1B10 
inhibitors is to screen currently approved clinical drugs. 

5. CURRENT & FUTURE DEVELOPMENTS 

 The overexpression of AKR1B10 is identified in several 
human cancers. AKR1B10 is involved in tumor cell growth, 
cell survival and chemoresistance to antitumor drugs, thus 
being an attractive target for cancer diagnosis and treatment. 
Relative to the common expression of AKR1B1, AKR1B10 
is a more specific tumor marker with a restricted distribution 
pattern in normal tissues. The development of highly selec-
tive AKR1B10 inhibitors will likely bring great benefits to 
cancer patients. Thus far, several selective AKR1B10 inhibi-
tors have been developed, such as, BDMC (18) [24] Oleano-
lic acid (20) [29], 3-(4-hydroxy-2-methoxyphenyl)acrylic 
acid 3-(3-hydroxyphenyl) propyl ester (23) [74], isolitho-
cholic acid (8) [38], and androst -4-ene-3,6-dione (9) [30]. 
They seem to be the most selective inhibitors for AKR1B10. 
Many in vitro studies have indicated that the AKR1B10 in-
hibitors can suppress cancer cell growth and proliferation 
[27, 55]. They could be promising anticancer drugs, how-
ever, clinical trial based on them has not been approved until 
now. Owing to the previous efforts on the development of 
potent inhibitors against AKR1B10, more effective and se-
lective AKR1B10 inhibitors are hopefully to be found. 
 A potential hurdle which hampers the development and 
application of AKR1B10 inhibitors is that AKR family 
members share a structural similar active pocket for inhibi-
tors and substrates. Therefore, the primary task of develop-
ing more selective AKR1B10 inhibitors is to identify the 
important structural differences among these enzymes. The 
three-dimensional structures of AKR1B10-coenzyme-
inhibitor complexes can greatly facilitate the design and 
screening of AKR1B10 inhibitors. The “specificity pocket” 
was believed to be essential for inhibitors selectivity between 
AKR1B1 and AKR1A1, since there is no such a pocket 
formed in AKR1A1 [67]. The “specificity pocket” is also 
responsible for inhibitor selectivity between AKR1B1 and 
AKR1B10. Previous reports suggested that inhibitor-induced 
''specificity pocket'' opening and Trp-112 side-chain flip at 
the active site of AKR1B10 results in the similar geometry 
of the binding site between AKR1B1-inhibitor and 
AKR1B10-inhibitor complexes. The orientation of the native 
Trp-112 side-chain provides a broader active site of 
AKR1B10, which facilitates the implant of AKR1B10 in-

hibitors [73]. Selective AKR1B10 inhibitors indicate that the 
increased accessibility of the anionic site of AKR1B10 is 
essential for their selectivity. It suggests that bulky and rigid 
molecules are more likely to be selective inhibitors.  
 A comprehensive understanding of AKR1B10 structure 
and function, as well as elucidation of the specific AKR1B10-
inhibitor interactions, will most probably lead to more highly 
selective and efficient AKR1B10 inhibitors with low toxicity 
caused by cross-inhibition, which will eventually contribute 
to effective cancer therapy.  
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