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chromatography†

Cong Dai,a Meng-ping Liu,a Wei-jia Zhang,a Christopher Wai Kei Lam,b Jian-ru Guo,b

Wa Li,a Juan Wu,a Jie-feng Chen,a Zuan-guang Chen,a Wei Zhang‡*b

and Mei-cun Yao ‡*a

Aloe vera has been widely used in cosmetics and as a health product. Although increasing research has

indicated that chronic use of Aloe vera is closely associated with the development of colorectal cancer,

the material basis and molecular mechanism of the pathogenesis have not been elucidated. The wnt/b-

catenin signaling pathway plays an important role in the development of colorectal cancer. It should be

useful to investigate whether Aloe vera has any impact on the wnt/b-catenin signaling pathway. In this

study, we found that a water extract of Aloe vera at low concentration (0.98–12.50 mg ml�1) could

activate the wnt/b-catenin signaling pathway in the presence of wnt3a ligand and up-regulated the level

of active b-catenin protein in hek293 cells, as well as promoting the expression of wnt target genes

(Axin2, DKK1, FGF20). Additionally, aloin and aloesin were the effective components interacting with

other non-active ingredients in the water extract of Aloe vera that were identified by a knockout/knockin

method with high-speed counter current chromatography (HSCCC). Meanwhile, no effects of the water

extract of Aloe vera and aloin on the wnt/b-catenin signaling pathway were found, either in the presence

or absence of other activators such as activator CHIR99021. In conclusion, the water extract of Aloe vera

could activate the wnt/b-catenin signaling pathway in the presence of wnt3a and the effective

components were aloin and aloesin. These findings might facilitate the understanding of the material

basis and molecular mechanisms of Aloe vera in causing colorectal cancer.
1. Introduction

Aloe vera, a common traditional Chinese medicine, is widely
used in cosmetics and as a health food due to its various bio-
logical functions including wound healing,1 and antiviral,2,3

antioxidant,4 and blood glucose lowering activities.5 Although it
has diverse pharmacological activities, studies in recent years
have focused on the association between long-term use of Aloe
vera whole leaf extract and the development of colorectal
cancer.6–8 Studies conducted by the National Toxicology
Program conrmed that a non-decolorized whole leaf extract of
Aloe vera exerted carcinogenic activity on the large intestine of
F344/N rats.7 The colonic carcinogenicity of Aloe vera was also
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conrmed independently by several other studies.8–10 However,
the material basis and molecular mechanism of Aloe vera in the
pathogenesis of colorectal cancer have remained unclear.

The wnt/b-catenin signaling pathway plays an indispensable
role in biological evolution and human diseases. In the normal
state of the wnt signaling pathway without wnt ligands, the key
protein b-catenin is persistently phosphorylated and degraded by
a destructive complex mainly composed of casein kinase 1a
(Ck1a), the tumor suppressor adenomatous polyposis coli (APC),
the scaffold protein Axin, and the glycogen synthase kinase 3b(Gsk
3b). However, if the wnt ligands were bound to their specic co-
receptors which contain frizzled protein and low-density
receptor related protein 5/6(LRP 5/6), b-catenin would be stabi-
lized and accumulated in the cytoplasm. Part of the free b-catenin
would enter the nucleus and combine with T cell factors (TCF) or
lymphoid enhancer-binding factor (TEF) to promote the expres-
sion of the wnt target genes, such as Axin2, DKK1 and FGF20,11

which is an abnormal state of the wnt signaling pathway related to
the occurrence and development of many cancers.12

Colon cancer is closely related to the wnt/b-catenin signaling
pathway. A recent research showed that 93% of colorectal
RSC Adv., 2017, 7, 38819–38829 | 38819
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cancer had the aberrant activation of wnt/b-catenin signaling
pathway.13 Mutations of wnt pathway genes such as Axin2,
SOX17 or APC were found in sporadic colorectal cancer.14 The
APC gene defect in familial adenomatous polyposis accelerated
tumor initiation, and loss of APC function activated constitutive
transcription of TCF target genes.15,16 The expression of b-cat-
enin protein was increased in colorectal carcinomas.17 We
hypothesized that the potential carcinogenicity Aloe vera to
colorectal cancer may be contributed by its inuence on the
wnt/b-catenin signaling pathway.

Traditional Chinese medicines contain complex compo-
nents responsible for their various pharmacological actions and
it is helpful to identify what components are effective in
a holistic view in achieving better quality control of these herbs.
Knockin and knockout technology is a useful tool to screen for
the effective components in a holistic view, which has been
applied successfully in several studies recently.18,19 High-speed
counter current chromatography (HSCCC) has been widely
used to separate components from traditional Chinese medi-
cines with advantages of nearly zero adsorption and strong
preparation capacity.19 Current research ndings testied that
this chromatography technology can knock out the target
components from the extracts successfully without complex
operation and utilization of the experimental equipment.20,21

The modern approach of developing new drugs via scaffold
repurposing of old drugs22,23 has inspired us to rstly explore
any new bioactivities of known active components of traditional
Chinese medicines when we screen for the material basis of
their therapeutic applications.

In this study, we focused on the relationship between Aloe
vera and wnt/b-catenin signaling pathway. Firstly we investi-
gated the activation effect of the water extract of Aloe vera on the
wnt signaling pathway, and then explored the key active
components by an approach combining the knockin and
knockout technology (HSCCC) with activity screening assay
based on hek293 cells. Hek293 cells are transformed cell line
with adenovirus.42More recent reports demonstrated that use of
these cells to evaluate the effect of traditional Chinese medicine
on wnt/b-catenin signaling pathway was feasible.39–41 Finally we
veried that the water extract of Aloe vera activated wnt/b-cat-
enin signaling pathway in the presence of wnt3a ligand, which
simultaneously improved the level of active b-catenin and
upregulated the expression of Axin2, FGF20 and DKK1 genes.
We also conrmed that aloin and aloesin were the effective
components in the water extract of Aloe vera contributing to
activating the wnt/b-catenin signaling pathway.

2. Materials and methods
2.1 Plant materials

The Aloe vera particulates (product number: 1503232) studied in
this study were purchased from Yifang Pharmaceutical Co., Ltd.
(Guangzhou, China), which were dried exudate of Aloe vera.
Corresponding voucher specimens (voucher number: LH-YN-
20160305) were preserved in the Laboratory of Pharmaceutical
Analysis and Quality Assessment, School of Pharmaceutical
Science, SunYat-sen University, Guangzhou, China.
38820 | RSC Adv., 2017, 7, 38819–38829
2.2 Chemicals and reagents

The reference materials of aloin and aloesin (both of 98%
purity) were purchased from Baoji Herbest Bio-Tech Co., Ltd.
(Baoji, China). Isoaloeresin D (94%) was prepared by us and
checked with HPLC-DAD. And these three substances were used
in this whole study. The powder of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide was purchased from MP
Biomedicals (Santa Ana, USA). wnt3a protein and CHIR99021
were obtained from Stem RD (Burlingame, USA). Steady-glo®
luciferase assay system kit was obtained from Promega Corpo-
ration (Madison, USA). The primary antibody against active b-
catenin (#19807) and b-actin (#4970) were purchased from Cell
Signaling Technology (Beverly, MA, USA), while the second
antibody (#AP132P) was from EMD Millipore Corporation
(Temecula, CA). PrimeScript RT reagent kit with gDNA Eraser
and SYBR Premix Ex Tap™ kit were from Takara Biotechnology
Co., Ltd. (Minamikusatsu, Japan).
2.3 Cell lines and culture

The human HT29 cells were a kind gi from Prof. Jun Du (Sun
Yat-sen University) and the human HEK293 cells transfected
with top ash plasmid were purchased from Curegenix Inc
(Guangzhou, China). Both cell lines were cultured with DMEM
medium added with 10% fetal bovine serum and 1% penicillin-
streptomycin (Gibco, China) in a 5% CO2 and 37 �C incubator.
2.4 Sample preparation and HPLC analysis

The Aloe vera particulates were extracted ultrasonically in water
at 45 �C for 1.5 h, and the suspension was ltered. The super-
natant solution was evaporated at 50 �C under 0.08 MPa using
a rotary evaporator, and the concentrate lyophilized to power
form and stored at �80 �C. For subsequent analysis, the extract
powder and standard materials were dissolved in ultrapure
water or methanol to constitute the test samples, which were
ltered through a 0.22 mm membrane before HPLC. A Luna
(C18) 100A column (250 mm � 4.6 mm, 5 mm) was used. The
mobile phase comprised ultrapure water and methanol. During
elution, methanol content was adjusted according to a pub-
lished method as follows: 0–30 min, 23–35%; 30–60 min, 35–
45%; 60–80 min, 45–70%; 80–100 min, 70–80%; and 100–
110 min, 80–23%.24
2.5 Luciferase reporter assay for wnt/b-catenin signaling
pathway

HEK293 cells transfected with topash plasmid (containing
specic lcf/lef regions binding to b-catenin) were plated into 96-
well plates at a density of 2 � 104 cells per well. Aer overnight
culture, the cultured medium was removed, then medium with
different drug concentration and wnt3a protein solution (100 ng
ml�1) were added into the wells. The cells were lysed and pro-
cessed according to the instructions of the Steady-glo® lucif-
erase assay system kit. Their luciferase activities were
determined by the luminescence function of an automatic
microplate reader.
This journal is © The Royal Society of Chemistry 2017
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2.6 Two-step high-speed counter current chromatography
(HSCCC) for knockout assay

2.6.1 Selection of solvent system. The solvent system is
a critical factor in the separation process of HSCCC. The partition
coefficients (K) of the target components were measured by
HPLC, and K values between 0.6 and 1.5 were regarded as
appropriate. Based on an appropriate K value and a reasonable
separation time, the rst step solvent system was composed of n-
hexane : ethyl acetate : acetone : water (0.2 : 5.0 : 1.5 : 5.0, v/v/v/
v), which was adopted from the method of Wu.25 The elution
time 200 min was used to ensure total separation of aloin from
isoaloeresin D. The second step system containing ethyl
acetone : n-butanol : water (1 : 4 : 5, v/v/v) was used for sepa-
rating aloesin.

2.6.2 HSCCC separation. The water extract of Aloe vera was
dissolved in 20ml solvent comprising of 10ml each for the upper
phase and the lower phase of n-hexane : ethyl aceta-
te : acetone : water (0.2 : 5.0 : 1.5 : 5.0, v/v/v/v). Four solvents
were added to a separation funnel, the mixture was shaken fol-
lowed by standing overnight. The upper and lower phases were
separated before use. The stationary phase was the upper phase
and the lower phase was used as the mobile phase when the
revolution speed of the HSCCC instrument was regulated at
860 rpm and the ow rate was 1.5 ml min�1, and the separation
was conducted at room temperature. Aer the rst step separa-
tion, we obtained the single components and the extruded
sample (without the single components). All these samples were
evaporated at 45 �C under vaccum followed by lyophilization to
powder form. The extruded sample was dissolved in 20 ml
solvent comprised of 10ml each of the upper and lower phases of
ethyl acetone : n-butanol : water (1 : 4 : 5, v/v/v) for the second
step separation which was conducted at the same resolution
speed, ow rate and temperature as the rst separation.
2.7 Knockin assay

The target components (A and B) were knocked out by two-step
HSCCC technology, the remaining components in the water
extract of Aloe vera was designated as the residue part (C). To
develop the knockin assay, the concentration of the target
components (A and B) of the water extract of Aloe vera was rst
determined by HPLC using the elution method that was
described above in Section 3.4. Secondly, 0.25 fold A, 0.5 fold A,
1 fold A, 0.25 fold B, 0.5 fold B, 1 fold B, 0.25 fold A + B, 0.5 fold A
+ B, 1 fold A + B were added respectively to C, constituting the
different knockin samples. Thirdly, these knockin samples were
measured by the luciferase reporter gene assay for their activi-
ties on the wnt/b-catenin signaling pathway.
2.8 Western blotting assay

Cells were collected aer incubation with the drugs for 24 h,
and lysed with RIPA buffer. The protein concentration of the
lysate was determined by bicinchoninic acid (BCA) assay. 20 mg
protein of each cell lysate was separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), and
transferred to polyvinylidene diuoride (PVDF) membranes.
This journal is © The Royal Society of Chemistry 2017
Membranes were blocked at room temperature for 1 h and then
blotted with the specic primary antibody for 2 h at room
temperature. To detect the bound antibody, membranes were
incubated with a horse-radish peroxidase (HRP)-conjugated
anti-rabbit secondary antibody for 1 h at room temperature,
followed by visualization of protein bands by SuperSignal™
West Pico Chemiluminescent Substrate (Thermo Fisher Scien-
tic, MA, USA) and exposure with a ChemiDoc XRS+ system
(Bio-Rad, Hercules, CA, USA).
2.9 Quantitative real time RT PCR assay

Quantitative real time (RT) PCR assay was applied tomeasure the
wnt target gene mRNA levels. Total RNA was isolated by Trizol
from HEK293 cells untreated or treated with different drug for
16 h. Reverse transcription of puried RNA was conducted using
the PrimeScript RT reagent Kit (Takara) according to manufac-
ture's instructions. Quantitative RT PCR was performed with
SYBR Premix Ex Tap™ kit (Takara) for Axin2, DKK1, FGF20,
GAPDH, and analyzed on Quantitative RT PCR system (Bio-Rad).
GAPDH was the reference gene and the specic primers to
amplify mRNA fragments were Axin2 (forwards: AGGCTAGCT-
GAGGTGT, towards: AGGCTTGGATTGGAGAA), DKK1 (forwards:
CTGCAAAAATGGAATATGTGT, towards: CTTCTTGTCC
TTTGGTGTGA), FGF20 (forwards: ATTCATCAGTGTGGCAGTGG,
towards: GCTCCCTAAAGATGCATTCG), GAPDH (forwards:
AGGTCGGAGTCAACGGATTTG, towards: TGTAAACCATGTAGTT-
GAGGTCA). The expression regulation of those target genes was
evaluated with respect to cells of control group aer normalized
by GAPDH.
2.10 MTT assay for cell viability

Cells at a density of 5 � 103 cells per well were seeded in 96-well
plates. Aer 18 h incubation, they were treated with themedium
containing different drug solutions. Aer 24 h incubation, cell
viability was evaluated by MTT assay, as described previously.26
2.11 Statistical analysis

Graphprism 5 statistical analysis soware was used. All exper-
iments were repeated in triplicates, and then all data were
performed as mean (�X) � SD (n ¼ 3). Two-tailed Student's t-test
was applied to evaluate the signicant difference and P values
less than 0.05 were regarded as statistically signicant.
3. Results and discussions
3.1 Standardization of Aloe vera extract by HPLC

Standardization of traditional Chinese medicines should be
conducted before further studies. HPLC analysis of the water
extract of Aloe vera showed four main chromatographic peaks
which were aloin A, aloin B, aloesin and isoaloeresin D (Fig. 1
and 2). Aloin A and aloin B are isomers that can transmute into
each other, therefore we regarded them as a whole in further
studies. The contents of aloin, aloesin and isoaloeresin D in the
water extract were 680, 110 and 200 mg g�1 respectively.
RSC Adv., 2017, 7, 38819–38829 | 38821
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Fig. 1 A HPLC profile of the water extract of Aloe vera.

Fig. 2 A HPLC profile of the standard materials aloin, aloesin and
isoaloeresin D.

Fig. 3 The effects of the water extract of Aloe vera on the wnt/b-
catenin signaling pathway. The effect evaluation was conducted by
luciferase reporter assay. Water extract had different effects on wnt/b-
catenin pathway with different concentration. Low concentration
activated the pathway with the most effective was 12.5 mg ml�1, and
high concentration with 125 mg ml�1 started to inhibit the pathway.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

ug
us

t 2
01

7.
 D

ow
nl

oa
de

d 
on

 6
/1

4/
20

26
 1

0:
20

:2
5 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
3.2 Effects of the water extract of Aloe vera and its
components on the wnt/b-catenin signaling pathway

Increasing research studies have reported that long-term admin-
istration of Aloe vera can induce colorectal cancer in rats, andmost
colorectal cancers manifest aberrant activation of the wnt/b-cat-
enin signaling pathway.7,8,13 We investigated the effects of Aloe vera
on the wnt/b-catenin signaling pathway using the luciferase
reporter gene assay. Results showed that the extract and its active
components exhibited different effects on this signaling pathway.
The extract activated the wnt/b-catenin signaling pathway at low
concentration (0.98–12.50 mg ml�1). Interestingly, this activation
became weakened with increasing extract concentration that was
eventually even converted to an inhibitory effect upon reaching
a certain concentration (Fig. 3). Considering of this complex situ-
ation, we have focused on studying low extract concentration in
this article. To nd out the components of Aloe vera activating the
wnt/b-catenin signaling pathway, our experiments rstly focused
on aloin, aloesin and isoaloeresin D, which are the major
components of Aloe vera. The content of isoaloeresin D was the
second most abundant component in the water extract without
reported biological activities. Aloin and aloesin were the two
components that have been studied substantially. Some studies
have reported that aloin induced MC3T3-E1 cells into osteoblasts
through activatingMAPKmediated wnt signaling pathway,27 and it
inhibited the NF-kappa B pathway to prevent osteoclastgenesis in
RAW264.7 cells.28 Our results found that aloin and aloesin acti-
vated the wnt/b-catenin signaling pathway in the presence of
38822 | RSC Adv., 2017, 7, 38819–38829
wnt3a ligands, while isoaloeresin D had no obvious effect (Fig. 4).
In addition, several studies have veried that aloesin and a chro-
mone-enriched aloe composition had glucose-lowering activity in
diet-induced obese-diabetic mice,29,30 and the activation effect of
aloesin on the wnt/b-catenin signaling pathway may provide
a molecular mechanism for its effects on diabetes, which should
be conrmed by further studies. In addition, the highest activation
rate of the water extract of Aloe vera on the wnt/b-catenin signaling
pathway was nearly 32%. However, the highest activation rate of
aloin and aloesin was only about 25% and 15% respectively
(Fig. 4), these imply the existence of other components related to
the wnt signaling pathway.

3.3 Knockout of aloin and aloesin by two-step high-speed
countercurrent chromatography

Based on the previous results, aloin and aloesin were proven to
be the active components in the water extract of Aloe vera.
Further studies were conducted to investigate possible impact
of other components in the water extract on wnt signaling
pathway. HSCCC technology has been used increasingly for
knocking out components from herbal medicines.18,19,31 It was
impossible to separate the components with a broad range of
polarities by a solvent system of high-speed counter-current
chromatography (HSCCC). Based on the position of chromato-
graphic peak, there was the obvious polarity difference between
aloin and aloesin. Then we applied two-step HSCCC to sh out
aloin and aloesin, and the rst step HSCCC separated aloin with
the solvent system composed of n-hexane : ethyl aceta-
te : acetone : water (0.2 : 5 : 1.5 : 5, v/v/v/v), then the second
step separated aloesin with the solvent system composed of
ethyl acetone : n-butanol : water (1 : 4 : 5, v/v/v, Fig. 5a and b).
Finally, the activation effects of the two knockout samples and
their residues were investigated by a luciferase reporter assay.

3.4 Activity validation of the lead active components and
interaction between active components and nonactive
components in Aloe vera by knockin technology

The expected results arising from the above knockout assay
combined with activity screening assay indicated that the
This journal is © The Royal Society of Chemistry 2017
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Fig. 4 The effects of the components of the water extract of Aloe vera on the wnt/b-catenin signaling pathway. (a) aloin; (b) aloesin; (c) iso-
aloeresin D; aloin and aloesin could activate the wnt/b-catenin signaling pathway, however, isoaloeresin D showed no obvious effect.

Fig. 5 Knockout aloin and aloesin by two-step HSCCC. (a) The first step HSCCC separated aloin with the elution time from 124 min to 196 min;
(b) the second step HSCCC separated aloesin with the elution time from 210 min to 270 min.

This journal is © The Royal Society of Chemistry 2017 RSC Adv., 2017, 7, 38819–38829 | 38823
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Fig. 6 Activity validation of the lead active components and interaction between active components and nonactive ingredients in Aloe vera by
knockin technology. (a) A comparison of the activity on the wnt/b-catenin signaling pathway between the water extract and the residue (without
aloin and aloesin); (b) 0.25, 0.5 and 1 folds of the active components and their combinations were fished into the residue respectively, their effect
on the wnt/b-catenin signaling pathway were investigated. All the values are expressed as mean � SD (n ¼ 3). *P < 0.05, vs. control group.

Fig. 7 Comparison of HPLC chromatogram. S1: water extract of Aloe vera, S2: the residue without aloin and aloesin.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

ug
us

t 2
01

7.
 D

ow
nl

oa
de

d 
on

 6
/1

4/
20

26
 1

0:
20

:2
5 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
residue without the main two components nearly had no effects
on the wnt/b-catenin signaling pathway (Fig. 6a and 7). To
further determine the effects of these components on this
signaling pathway, 0.25, 0.5 and 1 fold of the active components
and their various combinations were shed into the residue
(Fig. 8). Results of these knockin assays showed that the activity
of the residue without the main active components was
improved in a dose of target component-activity manner with
the active components being knocked into separately or
together. In addition, compared with their respective effects,
the activation effects of aloin and aloesin on wnt/b-catenin
signaling pathway were more signicant when they were added
into the residue part in different concentrations. These results
veried that there were activity-assisting components in the
residue part exerting an enhancing effect to aloin and aloesin.
Moreover, our results showed that no obvious increase of acti-
vation activity on wnt/b-catenin signaling pathway appeared
when aloin and aloesin were shed into the residue part
together, suggesting that aloin may interact with aloesin
resulting in restriction of their activation effects (Fig. 6b).
38824 | RSC Adv., 2017, 7, 38819–38829
3.5 Aloe vera and aloin increased the level of active b-catenin
protein and promoted the expression of wnt target genes

The level of active b-catenin plays a critical role in the wnt/b-catenin
signaling pathway. When b-catenin is not phosphyrated and
degraded by the complex, the active b-catenin enters the nucleus
and binds to the T cell factor or lymphoid enhancer-binding factor,
thereby activating the wnt signaling pathway. Our western blotting
assay showed that both Aloe vera and aloin up-regulated the
expression of active b-catenin in hek293 cells (Fig. 9a and b).
Meanwhile, we found that the water extract of Aloe vera and aloin
promoted the transcription of wnt target genes (Axin2, DKK1,
FGF20) through a quantitative real time RT-PCR assay (Fig. 10a and
b). Axin2,32–34 DKK1,37,38 FGF20 35,36 genes are the target genes of the
wnt/b-catenin signaling pathway, which are related to the colon
cancer and have various of biological function.34,36,38
3.6 Aloe vera and aloin activated the wnt/b-catenin signaling
pathway synergistically with wnt3a ligands

To better understand the effect of Aloe vera extract and aloin
on the wnt/b-catenin signaling pathway, a luciferase reporter
This journal is © The Royal Society of Chemistry 2017
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Fig. 8 HPLC chromatogram of knockin samples (taking aloin for example). S1: 0.25 fold aloin was knocked into the residue, S2: 0.5 fold aloin was
knocked into the residue, S3: 1 fold aloin was knocked into the residue.

Fig. 9 The Aloe vera extract and aloin increased the level of active b-catenin protein in the presence of wnt3a. Western blotting assay on hek293
cells in the presence of wnt3a was conducted to study the effect of drugs on the level of active b-catenin protein. (A) The water extract of Aloe
vera; (B) aloin.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

ug
us

t 2
01

7.
 D

ow
nl

oa
de

d 
on

 6
/1

4/
20

26
 1

0:
20

:2
5 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
assay was conducted with or without the wnt3a ligand. Results
showed that Aloe vera and aloin only activated the wnt/b-cat-
enin signaling pathway in the presence of the wnt3a ligand.
Without the wnt3a ligand, the water extract of Aloe vera and
aloin had no effect on the wnt signaling pathway (Fig. 11c and
d). To demonstrate that the activity of Aloe vera and aloin on
the wnt signaling pathway is dependent on wnt3a ligand,
further studies were conducted. CHIR99021, an inhibitor of
glycogen synthase kinase 3b, was applied in luciferase reporter
assay to activate the wnt signaling pathway. Both wnt3a and
CHIR99021 were the activators of the wnt/b-catenin signaling
pathway. Wnt3a activated the wnt/b-catenin signaling pathway
targeting at the upstream of the pathway, while CHIR99021
activated this pathway targeting at the midstream (Fig. 12).
This journal is © The Royal Society of Chemistry 2017
Aloe vera and aloin exerted no effects on the signaling pathway
with CHIR99021 (Fig. 11c and d). Several studies have
demonstrated that the level of active b-catenin indirectly
reects the state of the wnt/b-catenin signaling pathway.37,38

Further studies on the HT29 cells (a kind of colorectal cancer
cell with APC mutation) showed that the water extract of Aloe
vera and aloin had no inuence on the level of active b-catenin,
which illustrated that Aloe vera extract and aloin had no
inuence on the wnt/b-catenin signaling pathway in HT29
cells (Fig. 11a and b). These results demonstrated the water
extract of Aloe vera and aloin synergistically with wnt3a ligands
activated the wnt/b-catenin signaling pathway (Fig. 9 and 11a–
d). Though our present results indicated that the Aloe vera
extract did not activate the wnt signaling pathway in HT29
RSC Adv., 2017, 7, 38819–38829 | 38825
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Fig. 10 The Aloe vera extract and aloin promoted the expression of wnt target genes. (a) The Aloe vera; (b) aloin. All values were expressed as
mean � SD (n ¼ 3). *P < 0.05, **P < 0.01, ***P < 0.001.
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cells, more careful analyses of the relationship between the
Aloe vera extract and the wnt/b-catenin signaling pathway in
other colorectal cancer cells should be carried out.
3.7 Cell viability assays of Aloe vera and its active
components

We investigated the effects of the water extract of Aloe vera and
its active components on the proliferative activities of hek293
38826 | RSC Adv., 2017, 7, 38819–38829
cells and HT29 cells using the MTT assay. The water extract and
aloin had no signicant effects on the proliferations of hek293
cells and HT29 cells in the studied range of concentration (0–
500 mg ml�1 for the water extract and 0–100 mM for aloin)
(Fig. 13a–d). In addition, our result also indicated that aloesin
(0–50 mM) had no signicant impact on the proliferation of
hek293 cells (Fig. 13e).
This journal is © The Royal Society of Chemistry 2017
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Fig. 11 The Aloe vera extract and aloin activated thewnt/b-catenin signaling pathway only in presence of wnt3a ligand. (a) The effect of the water
extract of Aloe vera on the level of active b-catenin protein in HT29 cells. (b) The effect of aloin on the level of active b-catenin protein in HT29
cells; CHIR99021 was applied in luciferase reporter assay to activate the wnt signaling pathway in hek293 cells. Aloe vera (c) and aloin (d) exerted
no effects on the signaling pathway with CHIR99021. The Ctr group represented that the cells were treated no activitors.

Fig. 12 A schematic diagram of the wnt/b-catenin signaling pathway. (a) The normal state. The key protein b-catenin is persistently phos-
phorylated and degraded by a destructive complex; (b), the activated state. free b-catenin would enter the nucleus and combine with T cell
factors (TCF) or lymphoid enhancer-binding factor (TEF) to promote the expression of the wnt target genes, such as Axin2, DKK1 and FGF20.

This journal is © The Royal Society of Chemistry 2017 RSC Adv., 2017, 7, 38819–38829 | 38827
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Fig. 13 Cell viability assays of the Aloe vera and its reported active components. The effect of the water extract of Aloe vera on the cell
proliferation. (a) hek293 cells, (c) HT29cells; the effect of aloin on the cell proliferation. (b) hek293 cells; (d) HT29 cells. (e) The effect of aloesin on
the hek293 cells proliferation.
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4. Conclusions

In conclusion, our study has veried that aloin and aloesin are
the effective components in Aloe vera extract mainly via their
activation of the wnt/b-catenin signaling pathway. The interac-
tions between these active components and inactive ingredients
have been explored combining knockin and knockout tech-
nologies using HSCCC and luciferase reporter assay based on
a holistic review, and we found that other non-active ingredi-
ents exerting an enhancing effect to aloin and aloesin in water
extract of Aloe vera. Increasing studies have demonstrated that
some extracts of traditional Chinese medicines can activate the
wnt/b-catenin signaling pathway,39–41 however, their material
basis and actionmechanisms have remained unclear. Our study
provided a feasible way to investigate the material basis of
herbal regulators on wnt/b-catenin signaling pathway in
a holistic view. In addition, we veried that the water extract of
Aloe vera and aloin activated wnt/b-catenin signaling pathway
only in the presence of wnt3a ligands. The molecular mecha-
nism of aloesin on wnt/b-catenin signaling pathway is under
exploration.
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