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Abstract: Phaseolus acutifolius (Tepary bean) lectins have been studied as cytotoxic molecules on
colon cancer cells. The toxicological profile of a Tepary bean lectin fraction (TBLF) has shown low
toxicity in experimental animals; exhibiting anti-nutritional effects such as a reduction in body
weight gain and a decrease in food intake when using a dose of 50 mg/kg on alternate days for six
weeks. Taking this information into account, the focus of this work was to evaluate the effect of the
TBLF on colon cancer using 1,2-dimethylhydrazine (DMH) or azoxy-methane/dextran sodium
sulfate (AOM/DSS) as colon cancer inductors. Rats were treated with DMH or AOM/DSS and then
administered with TBFL (50 mg/kg) for six weeks. TBLF significantly decreased early tumorigenesis
triggered by DMH by 70%, but without any evidence of an apoptotic effect. In an independent
experiment, AOM/DSS was used to generate aberrant cryptic foci, which decreased by 50% after
TBLF treatment. TBLF exhibited antiproliferative and proapoptotic effects related to a decrease of
the signal transduction pathway protein Akt in its activated form and an increase of caspase 3
activity, but not to p53 activation. Further studies will deepen our knowledge of specific apoptosis
pathways and cellular stress processes such as oxidative damage.
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1. Introduction

Plant lectins are proteins that are able to bind to free or cell membrane carbohydrates, showing
a high specificity for the recognition of surface glycosylations. Given these properties, they have been
used for several disease diagnoses and as potential therapeutic agents, including against cancer [1-
3]. Several studies have shown that traditional-use plant lectins exhibit biological effects such as cell
agglutination, reactive oxygen species generation, and mitogenic or cytotoxic effects on different cells
as a function of concentration [3]. Lectins from edible and non-comestible plants, such as banana and
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ricin, have shown different effects that are related to different molecular mechanisms. The wide-
range recognition ability of lectins is related to their specificity for membrane carbohydrates,
therefore it is difficult to generalize the effects of these molecules [4,5].

Lectins can exhibit mitogenic effects, for example, peanut lectins have shown effects on cell
proliferation [6,7], and others such as mistletoe (Viscus album) have mitogenic effects on immune cells
[3]. On the other hand, soybean and other leguminous lectins have shown anticancer potential by
promoting blockage of survival signaling pathways or inducing apoptosis by increasing reactive
oxygen species (ROS), and/or caspase activity [8,9]. Changes in glycocalix are related to cancer
progression due to their relationship with cell migration, invasion, evasion of the immune system,
and metastasis [10-13], therefore, lectins have been widely studied for their anticancer effects [14],
cell proliferation [15-18], and the increase in cell death by apoptosis and autophagy [12,13]. Some
lectins can affect signal transduction pathways, such as mistletoe lectins that inhibit Akt
phosphorylation[19] or Polygonatum cyrtonema lectins, which exhibit effects on the Ras-Raf and PI3K-
Akt pathways [20] and induce apoptosis by deregulation of the ROS-p38-p53- signal pathway [21].
However, some lectins can induce apoptosis by independent p53 pathways [22].

Phaseolus acutifolius (Tepary bean) lectins have been studied recently because of their differential
cytotoxic effects on cancer cell lines, particularly their specificity for colon cancer cells [17,23]. Toxic
effects by intraperitoneal [24] and intra-gastric [25] routes have been tested and a Tepary bean lectin
fraction (TBLF) showed good tolerability when administered in a dose of 50 mg/body weight kg, on
alternate days for six weeks in Sprague Dawley rats by intra-gastric cannula. The TBLF was
characterized, two lectins with no affinity for fetuin were sequenced and a differential biological
activity was found [26]. Here, we demonstrate that the lectins present in TBLF are the only ones
responsible for the cytotoxic effect and the evaluation of the intra-gastric administration of TBLF on
chemical-induced colon cancer in Sprague Dawley rats using two cancer inductors, 1,2-
dimetilhydrazine (DMH) and azoxi-methane/dextran sodium sulfate (AOM/DSS), is presented.

2. Results and Discussion

In previous work, we showed that protein inhibitors from Tepary beans did not exhibit cytotoxic
effects but the TBLF is able to induce cell death in a differential manner on different cancer cells [11].
Prior to testing the effect of TBLF against colon cancer in rats, we confirmed that the non-lectin
proteins (NLP) contained in the TBLF were not responsible for the cytotoxic effect. The ion exchange
chromatogram obtained from the TBLF is shown in Figure 1. All the fractions with no agglutination
activity were labelled as non-lectin protein (NLP); fractions with agglutination activity were pooled
and labelled as lectin. The electrophoretic profile shows that the characteristic lectin band was
separated from all the protein and the separation method showed good results in reproducibility.
The lectin fraction was insufficient to perform the cytotoxic analysis but it was possible to test the
effect of the NLP on cell proliferation. As cell harvesting was not achieved by using trypsin, we used
an image analyzer to measure the cytotoxicity of the NLP. Image variables showed good correlation
with cell proliferation by direct counting: cell circularity (-0.972, p <0.001), Feret's diameter (0.854, p
=(.015) and cell perimeter (0.899, p = 0.006) but the cell area did not show correlation (0.578, p = 0.174).
Taking this, we used only the significant image parameters to determine that lectins are the molecules
mainly responsible for the cytotoxic effect since NLP exhibited a low cytotoxicity when compared
with the TBLF (Figure 1C).

Two in vivo experiments were performed to study the effects of TBLF treatment on induced
colon cancer. The first set of experiments consisted of inducing tumors in colonic tissue using DMH.
Previous work showed that TBLF did not exhibit toxic effects in Sprague Dawley rats when orally
administered in a dose of 50 mg/body weight kg; the only adverse effect observed until then was a
10% reduction of body weight gain [25]. Our results showed that TBLF caused a statistically
significant decrease in body weight gain of about 10% and DMH administration caused a decrease of
5% (p < 0.0001, F = 21.68 and df = 71). The DMH/TBLF treated group showed a body weight gain
reduction of up to 20%, with a recovery of 10% at the end of the treatment (Figure 2A). These
indicated a slight detrimental effect of DMH on body weight gain, but as TBLF naturally provokes a
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lessening in this parameter, it appeared that the co-administration of DMH/TBLF had a potentiated
effect through the treatment that concluded with a partial recovery of body weight. In terms of food
intake, there were variations in food consumption throughout the experiment; a decrease of 25% for
TBLF and DMH/TBLF treatments even showed a complete recovery at the end of the experiment
(Figure 2B) but there is no statistically significant difference (p = 0.4765, F = 0.8383 and df = 71). These
results suggested that the detrimental effects on body weight gain and food intake were mainly
related to the TBLF effect as an anti-nutritional factor. Besides anti-nutritional effects, TBLF could
also exhibit effects on the immune system by mainly increasing granulocytes, and decreasing
lymphocytes without effects on hepatic, renal or pancreatic markers [25], suggesting no toxic effects.
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Figure 1. Cytotoxic effect of the non-lectin protein contained in the Tepary bean lectin fraction (TBLF).
(A) TBLF was subjected to an ion exchange chromatography were non-lectin protein (NLP) and lectins
(fractions with agglutination activity) were separated. (B) Electrophoretic profile of NLP and lectins. (1)
Molecular weight marker, (2) TBLF, (3) Lectin pool, (4) Non-lectin protein pool. (C) Cytotoxic effect of
NLP compared to TBLF. Small letters show significant difference by one-way ANOVA for the cytotoxic

effect (Tukey, p <0.05).
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Figure 2. Body weight and food intake changes for the 1,2-dimethylhydrazine (DMH) experiment.
Rats were administered DMH for eight weeks for the development of cancer lesions (blue arrows),
followed by intra-gastric administration of TBLF (50 mg/kg) on alternate days for six weeks (black
arrows). (A) Weekly body weight monitoring with respect to the control group. (B) Average of food
intake changes per week with respect to the control group. A one-way ANOVA by Dunnett post hoc
showed significant difference p < 0.05 (*), p < 0.01 (+) and p < 0.001 (&). TBL provoked a decrease in
weight gain that affected also the combined DMH/TBLF treatment. Food intake decreased through
TBLF administration but a final recovery was observed.
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Tumor induction with DMH is shown in Figure 3. Histopathological findings showed different
stages of tumor progression that were classified as inflammation, premalignant damage, low-grade
damage and high-grade damage [27]. TBLF increased inflammation in colon tissues, lectins are
considered anti-nutritional factors [2,28] because they can resist gut digestion for several hours, or
even days [25]. They bind to intestinal membrane glycoproteins or glycolipids that affect nutrient
absorption [7,29], and also activate the immune response [25,30], thereby provoking inflammation.
Previous studies have shown that TBLF has exhibited a resistance to gut digestion, since
agglutination activity was determined in faeces for at least 72 h with immune response activation
[25], suggesting that they can interact with intestinal and colon epithelia, leading to an inflammation
process.

DMH provokes different degrees of precancerous or cancerous injuries. Our results showed that
DMH/TBLF treatment decreased 70% of premalignant lesions. Other lectins tested in different models
have shown negative effects on tumorigenesis [31,32]. When proliferation and apoptotic markers
were studied by immunohistochemical analyses, no differences were observed between the control
rats and any of the treated groups (Figure 4). These results may be related to the tumor progression
stage as the main activity of TBLF was observed in early tumorigenesis. Changes in glycocalyx are
essential for lectin recognition, and it is well known that tumor progression is related to modifications
in membrane glycosylation. Cancer cells display different aberrant membrane glycosylation patterns
depending on the type of cancer and the tumor stage [21], therefore, TBLF was most likely unable to
recognize low- and high-grade tumor cells.
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Figure 3. Histopathological analysis for colon lesions provoked by DMH and treated with TBLF. Rats
were administered DMH for eight weeks for the development of cancer lesions followed by intra-
gastric administration of TBLF (50 mg/kg) on alternate days for six weeks. (A) Incidence of colon
tumors. (B) Hematoxylin-eosin histopathological analyses of colon lesions (10x). Microphotography
shows the histological changes where it can be observed that tissue architecture was disrupted
according to the malignancy.
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Figure 4. Immunohistochemical analyses of proliferation and apoptosis markers in colon lesions
provoked by DMH and treated with TBLF. Rats were administered DMH for eight weeks for the
development of cancer lesions followed by intra-gastric administration of TBLF (50 mg/kg) on
alternate days for six weeks. (A) Representative micrographs of each group (10x); (B) Densitometry
analyses of immuno-stained colon tissues. No significant difference by one-way ANOVA (Dunnett, p
<0.05) was found. No significant changes were observed between treatments.

As our results showed effects of TBLF on early tumorigenesis, a second set of experiments were
performed using AOM/DSS in order to induce aberrant cryptic foci (ACF). AOM/DSS, alone or in
combination with TBLF, showed a negative effect on body weight by up to 25%, which recovered by
up to 5% at the end of the treatment (Figure 5A); the results were statistically significant (p = 0.0004,
F =7.33, df = 67). Food intake showed significant differences in AOM/DSS and AOM/DSS-TBLF
treated groups (Figure 5B), and was statistically different (p = 0.0001, F =12.6, df = 67). TBLF showed
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a similar effect on body weight gain as previously observed in this experiment, and a decrease in
food intake had effects related to the anti-nutritional effects of different lectins.

Colon histopathology assays showed normal colonic tissue architecture in the control rats [27],
while rats treated with the TBLF showed an atrophic effect on intestinal epithelia with decreased
length and fusion of the colonic structure (Figure 6). These results were consistent with other studies,
for example, Dapra et al. [23], observed that legume lectins provoked lymphocyte infiltration in the
intestinal tissue as well as villi shortening and widening in trout (Oncorhynchus mykiss). As villi
affectation by lectins can induce changes in organ architecture, this was related to the decrease in
weight gain and in food consumption. The effect of AOM/DSS treatment induced inflammation in
15% and ACF in 60% of the rats’ colon tissue and disrupted the entire architecture [27]. The co-
administration AOM/DSS-TBLF reduced the ACF by 50% and partially restored the tissue
architecture, but atrophy was still observed. This result showed the effect of TBLF in the early stages
of colon tumorigenesis; and was consistent with studies reporting anticancer effects using lectins such
as Concanavalina A lectin in other animal models [4,32], and Euchema serra agglutinin in mice[4].
Such results agree with the fact that glycosylation changed by tumor progression affected the TBLF
affinity for cancer cells in different stages.
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Figure 5. Body weight and food intake changes for the azoxy-methane/dextran sodium sulfate
(AOM/DSS) experiment. Rats were intraperitoneally administered for two weeks with AOM (blue
arrows) and a further week with dextran sodium sulfate (DSS) in their daily drinking water (green
arrow) to develop aberrant cryptic foci (ACF). Next, they were administered TBLF (50 mg/kg) on
alternate days for six weeks via intra-gastric cannula (black arrows). (A) Weekly body weight
monitoring with respect to the control group; (B) Average of food intake changes per week with
respect to the control group. A one-way ANOVA by Dunnett post hoc showed significant difference
(*) p<0.05, (&) p <£0.01 and (+) p <0.001. A decrease in weight gain and food intake was observed for
all treatments with no recovery at the end of the experiment.

Different studies have focused on elucidating the signaling pathways triggered by lectins, where
it has been observed that lectins from different sources share some mechanisms of action on cell
proliferation, survival, and apoptosis induction [33]. Immunohistochemical analysis of proliferating
cell nuclear antigen (PCNA) allowed us to observe that TBLF caused a significant reduction in cell
proliferation when it was administered after the carcinogen (Figure 7). These results were consistent
with in vitro and in vivo studies of different lectins on cancer [7,8,32,34,35].
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Figure 6. Histopathological analyses for colon lesions provoked by AOM/DSS and treated with TBLF.
Rats were intraperitoneally administered for two weeks with AOM and a further two weeks with DSS
in their daily drinking water to develop ACF. Next, they were administered with TBLF (50 mg/kg) on
alternate days for six weeks via intra-gastric cannula. (A) Incidence of aberrant cryptic foci; (B)
Hematoxylin-eosin histopathological analyses of colon lesions (10x). Red arrows show lymphocyte
infiltration. Although no tumors were observed, AOM/DSS treatment showed a high disruption
process that was diminished by TBLF.
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Figure 7. Immunohistochemical analyses of the proliferation and Akt-pathway targets in colon lesions
provoked by AOM/DSS and treated with TBLF. Rats were intraperitoneally administered for two
weeks with AOM and a further two weeks with DSS in their daily drinking water to develop ACF.
Next, they were administered with TBLF (50 mg/kg) on alternate days for six weeks via intra-gastric
cannula. (A) Representative micrographs of each group (10x); (B) Densitometry analyses of immuno-
stained colon tissues. (*) Significant difference by one-way ANOVA (Dunnett p <0.05).

The Akt pathway was evaluated due to its participation in proliferation-apoptosis regulation
and as it is commonly deregulated in colon cancer [36,37]. The Akt pathway increases cell
proliferation by phosphorylating GSK-3, a blocking agent of Cyclin-D, and decreases apoptosis by
phosphorylation of caspase 9. No changes between the control and TBLF treated animals were
observed; however, AOM/DSS exhibited an increase in p-Akt as reported in colon cancer models [38],
and also a slight increment of p-caspase 9. Nevertheless, p-GSK-3 did not show differences with
respect to the control rats. These results showed the participation of the Akt pathway by AOM/DSS
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in colon tissue. When rats were treated with AOM/DSS-TBLF, a decrease in p-Akt was observed with
respect to the AOM/DSS-treated animals, suggesting that TBLF may block the Akt pathway. Given
those results, no increase in p-GSK-3 and p-caspase 9 was expected; however, p-GSK-3 increased
significantly, perhaps due to the participation of other routes such as the protein kinase A (PKA) or
protein kinase C (PKC) pathways [39].

To assess whether cell death by apoptosis induction occurred, the presence of p53, Bcl-2, caspase
3, cytochrome-c was evaluated. Neither AOM/DSS, nor TBLF alone provoked an increment of caspase
3, but the co-treatment of AOM/DSS-TBLF showed a significant increase. Furthermore, the
AOM/DSS-TBLF treatment showed an increase in cytochrome-c, and a decrease in the antiapoptotic
protein Bcl-2. A significant increase of p53 was observed in the AOM/DSS treatment (p < 0.05) (Figure
8). The specific mutations of AOM/DSS are well known, especially in KRas with high frequency
[40,41], which deregulates the corresponding signaling cascade and allows sustained proliferative
activity [42]. However, AOM/DSS treatment in colon cancer models was not related to mutations on
the p53 gene, but an increase has been observed in the expression of this protein [38]. Studies in colitis
and colon cancer models using AOM/DSS as the carcinogen have shown an increase of both the
expression and amount of p53; however, no mutations have been observed [43,44]. Although the p53
protein is typically involved in repairing damage or inducing apoptosis in cells depending on DNA
damage, a mechanism called apoptosis-induced proliferation (AiP) has been described [38,45] where
an exacerbated apoptotic process leads to a release of mitogens that induce cell proliferation. This
process has been implicated in intestine cell growth in mice, which was promoted by an increase in
P53 activity [45]. In the same way, dying xenograft cells in mice treated with radiotherapy showed
an increase in caspase 3 activity, which promoted tumor repopulation [46]. Therefore, induces the
AiP process as part of its action mechanism in the development of colon cancer. The AOM/DSS-TBLF
group showed no statistically significant differences in p53 when compared with the control group,
suggesting an inhibitory effect of TBLF on AOM/DSS cancer induction.

In order to corroborate the immunohistochemical results, gene expression of TP53, Bcl-2, caspase
9, GSK, and Akt was determined in colonic tissues (Figure 9). A significant increase in TP53, Bcl-2,
and Akt expression were observed for AOM/DSS treatment, but no differences were found for
AOM/DSS-TBLF-treated rats with respect to the control. Caspase 9 gene expression was significantly
increased by AOM/DSS-TBLEF treatment, suggesting apoptosis induction by TBLE. These results fully
agree with the immunohistochemical analyses previously described and taken together, these results
suggest the independent p53 apoptotic activity of TBLF on early precancerous colonic tissue.
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Figure 8. Immunohistochemical analyses of apoptosis markers in rats administered with AOM/DSS
and treated with TBLF. Rats were intraperitoneally administered for two weeks with AOM and a
further two weeks with DSS in their daily drinking water to develop ACF. Next, they were
administered with TBLF (50 mg/kg) on alternate days for six weeks via intra-gastric cannula. (A)
Representative micrographs of each group (10x); (B) Densitometry analyses of immuno-stained colon
tissues. (*) Significant difference by one-way ANOVA (Dunnett p < 0.05).

It has been reported that several lectins induce apoptosis through caspase activity in different
cancer cell lines [47] and in some animal models [32,44]. Mistletoe lectins (Viscum album L. var.
Coloratum) have shown anticancer effects by inducing apoptosis by caspases in melanoma [44].
Eucheuma serra lectins have exhibited a caspase-mediated apoptotic effect in colon adenocarcinoma
cells (Colon26) and in BALB/c mice with colon cancer [8]. The Akt-mediated signaling pathway has
also been studied and the results showed that lectins such as Canavalia brasiliensis and Viscum album
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coloratum could induce cell death by deregulating this pathway [8,19,48]. The effect of Con-A was
found to be dependent on the decrease in p-Akt, an increase in cytochrome-c, and an increase in
caspase 9 activity [19,43]. In contrast, Korean mistletoe lectins (VAL) have the ability to induce p53-
independent apoptosis, causing a decrease in Bcl-2 levels, and an increase in cytochrome-c and
telomerase inhibitory activity on hepatic carcinoma [49]. Here, our study showed for the first time
that Tepary lectins were able to induce apoptosis in colon precancerous lesions by a p53-independent
way, suggesting Akt pathway blockade.

301
3 Control
* [ TBLF
= AOM
Hl AOM/TBLF
S 20
0
"]
2
S
X
)
°>-’ *ok
g |
&’ 104 *k
*%
h
o = ﬂ mlal ninl A1,
P53 Bcl-2 Caspase-9 GSK-3 AKT

Figure 9. Evaluation of the gene expression of TP53, Bcl-2, caspase 9, GSK-3, and AKT in rat colon
tissues administered with AOM/DSS and treated with TBLF. Rats were intraperitoneally
administered for two weeks with AOM and a further two weeks with DSS in their daily drinking
water to develop ACF. Next, they were administered with TBLF (50 mg/kg) on alternate days for six
weeks via intra-gastric cannula. The results are shown as a relative expression to the constitutive gene
HPRT and as a proportion of the control + SD. (*) indicates significant difference p < 0.05 and (**)
indicates significant difference p < 0.01by one-way ANOVA with Dunnett post hoc.

3. Materials and Methods

3.1. Tepary Bean Lectin Fraction (TBLF) Extraction

Tepary bean (Phaseolus acutifolius) seeds were obtained from a local market in Hermosillo,
Sonora, México. A sample of Tepary bean was deposited and identified in the herbarium of Dr. Jerzy
Rzedowski of The Natural Sciences Faculty, Autonomous University of Querétaro, Santiago de
Querétaro, Mexico. The TBLF was obtained as described previously [17,50]. In brief, ground bean
seeds were degreased and an aqueous extract was obtained. A selective sequential precipitation
(40%—-70% ammonium sulfate) was performed and the protein dialyzed and separated by molecular
weight exclusion chromatography using a Sephadex G-75 column (Sigma-Aldrich Co. LLC, St. Louis,
MO, USA). Absorbance at 280 nm was measured for protein profile determination using a Beckman
DU-65 spectrophotometer (Beckman Coulter Inc., Brea, CA, USA), agglutinant activity was
determined [51] and the samples were lyophilized and stored for further use at 20 °C.

3.2. Confirmation of the Cytotoxic Role of Lectins in the TBLF

TBLF was subjected to ion exchange chromatography using an Econo Pack High Q cartridge
(ECONO, Bio-Rad Laboratories, Inc, Hercules, CA, USA.) at a flow rate of 1 mL per min using a NaCl
(0.1 to 1.0 M). A total of 120 fractions were collected and the presence of agglutination activity was
determined. Two pools were obtained, one with all the fractions with no agglutination activity (non-
lectin protein, NLP) and the other one containing the lectins. The two pools were dialyzed,
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lyophilized and stored at -20 °C. Cytotoxicity of NLP was determined using 3T3/v-mos cells [11].
Briefly, cells were plated in 24-well plates (1 x 10* cells/well) in Dulbecco's Modified Eagle's Medium
(DMEM) with 10% foetal bovine serum (FBS). After 24 h, the medium was changed to DMEM with
2% FBS for cell cycle synchronization for a further 24 h. Subsequently, the cytotoxic effect of the NLP
was determined and compared to a TBLF positive control, using a protein concentration of 0.4 mg/mL
for both treatments in DMEM with 0.5% of bovine serum albumin (BSA). Cells were incubated for 8
h and the cytotoxic effect was determined by image analysis (IMAGE] 1.50b, National Institutes of
Health, Bethesda, Rockville, MD, USA) using an inverted microscope (Carl Zeiss Axiovert Al, Carl
Zeiss Inc, Oberkochen, Germany) at 10x resolution to measure the following morphometric
parameters: area, perimeter, Feret's diameter and circularity. As a first step, images of the treated
cells were processed converting the colored-image to an 8-bit format (grey scale image). Then, an
automatic threshold by an algorithm default was applied to obtain a binary image [52]. Finally, cells
were highlighted with the tool “fill” found in the same software. Correlation with cell proliferation
by direct counting was determined for each morphometric parameter and for the cytotoxic evaluation
only parameters with significant correlation were used. The criterion to discriminate between living
cells and dead cells was based on the statistical evaluation of morphometric parameters using
ANOVA, Tukey and Fisher tests (p <.0.05) using MINITAB 17 (Minitab Inc, Harrisburg, PA, USA)
with respect to control cells where a confidence interval for each significant parameter was selected:
perimeter (90.0 to 96.8 um), Feret’s diameter (32.0 to 34.0 pm) and circularity (0.31 to 0.35), cells whose
parameter values did not belong to these intervals were classified as dead cells.

3.3. Experimental Animals and Cancer Induction

Five-week-old, male Sprague Dawley rats were obtained from the Neurobiology Institute-
UNAM, Juriquilla, México. The animals were maintained with food and water ad libitum, under a
circadian cycle of 12 h light and 12 h dark at 25 °C. All experiments started after a week of adaptation
and were conducted observing the procedures of the Official Mexican Norm [29] for the use of
laboratory animals and with the approval of the Bioethics Committee of the Neurobiology Institute,
UNAM, México. Two independent experiments were performed (Figure 10). The first experiment (1
= 10 per group) induced colon tumors by subcutaneous injection of 40 mg/body weight kg of 1,2-
dimethylhydrazine (DMH, D161608-100G, Sigma Aldrich, St Louis, MO, USA), in 0.5 mL of saline
solution (SS, 0.9% NaCl) twice a week for eight weeks, followed by two weeks without treatment and
six weeks of TBLF (50 mg/kg each third day). The second experiment (1 =7 per group) was designed
to provoke aberrant cryptic foci (ACF) using 10 mg/body weight kg of 2-azoximethane (AOM, A5486-
100MG, Sigma Aldrich, St Louis, MO, USA) in 0.5 mL of 0.9% SS by a weekly intraperitoneal injection
in weeks one and three, followed by one week of 2% dextran sodium sulfate (DSS) in their daily
drinking water as a cancer promoter. After five weeks without treatment, TBLF was administered in
a dose of 50 mg/kg in 0.5 mL SS via intra-gastric cannula [25] on alternate days for six weeks. Weekly
body weight changes and average food intake were monitored in both experiments. Euthanasia was
performed by decapitation a week after the last dose of TBLE. The organs were dissected under the
supervision of a veterinarian and fixed in 10% formaldehyde, and the intestines were perfused with
the same solution to achieve the best preservation. Tumor classification was performed by a
veterinarian pathologist [27].
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Figure 10. Experimental design. (A) DMH experiment (1 = 10 per group). (B) AOM/DSS experiment
(n=7 per group). Two independent experiments were performed. Cancer induction with DMH was
achieved after eight weeks of treatment to generate colon tumorigenesis while AOM induction took
two weekly doses to generate aberrant cryptic foci. TBLF was administered for six weeks each third
day and sacrificed a week later (black arrow).

3.4. Histopathology Analyses

The tissues were dehydrated and embedded in paraffin using a Histoquinete (Leica TP1020,
Leica Camera AG, Wetzlar, Germany). Tissue cuts of 5 um were obtained and mounted in gelatin-
coated slides in hot water. Tissues were rehydrated and stained with hematoxylin and eosin, then
dehydrated again using decreasing concentrations of alcohol and sealed with entellan and a
coverslip. The analyses were performed under a microscope (Zeiss Axio Vert-Al, Carl Zeiss Inc,
Oberkochen, Germany) using 5-10x magnification based on the morphology of normal colonic tissue.
Lieberkiihn crypts normally appear as simple tubular glands and can be classified according to
morphological changes, inflammation process and structure loss for classifying damage as
premalignant, low-grade damage, high-grade damage and neoplasia [27].

3.5. Immunohistochemical Analyses for Proliferation and Apoptosis

Dehydrated samples were embedded in paraffin blocks and cut into 5 um thick positively
charged Thermo Fisher slides (Thermo Fisher Scientific, Waltham, MA, USA) using a microtome and
subsequently rehydrated. To unmask the epitopes, samples were placed in a water bath at 100 °C for
20 min in 0.1 M citric acid solution, pH 6.0. Endogenous peroxidases were quenched with 2% H20:
for 30 min in phosphate buffer saline with 1% tween 20 (PBST). Blocking was performed with 1%
bovine serum albumin (BSA) in PBST for 1 h and incubated with primary antibodies (PCNA, caspase
3, p53, Bcl-2, p-Akt, p-GSK3, p-caspase 9, and cytochrome-c overnight (16 h approx.) at 18 °C.
Secondary antibodies were added and incubated for 2 h at 18 °C. Staining was achieved using
diaminobenzidine 1:8000 w/v and H20: 1:2500 in phosphate buffer saline (PBS). The reaction was
stopped using ddH:0. Hematoxylin was used as a contrast agent; samples were dehydrated and
mounted for observation under a microscope. Photographs were obtained and an optical
densitometry analysis was performed using Image J® software (v.1.5, National Institutes of Health,
Bethesda, Rockville, MD, USA). Data were reported as arbitrary units + SD.

3.6. Gene Expression Analysis

Formalin-fixed paraffin embedded tissue was extracted with a train of alcohols and rehydrated.
RNA was extracted as per Reference Gouveia et al. (2014) [53]. cDNA was synthesized using a
TagMan® Reverse Transcription Reagents kit (Applied Biosystems, Foster city, CA, USA, Cat. No.
N8080234), and a q-PCR was performed using the following primers:

TP53: fw AGTGGGAATCTTCTGGGACG; rv TCTTTTGCTGGGGAGAGGAG
Bcl-2: fw TTCTTTGAGTTCGGTGGGGT; rv CAGCCTCCGTTATCCTGGAT
Caspase 9: fw GATGCTGTCCCATACCAGGA; rv TCTCGATGTACCAGGAACCG
GSK-3: fw CTCAAGGCTCTCCCCACTAG; rv GTCTTGGCCAGTCTGAGTCT
AKT: fw CAAAGGATGAAGTCGCCCACG; rv TGCAAGTACTCCAGAGCTGA

Normalization was performed using the housekeeping gen hypoxanthine-guanine
phosphoribosyl transferase (HPRT): fw AGGACCTCTCGAAGTGTTGG; rv
CCACTTTCGCTGATGACACA. Data were reported with respect to the control group.

3.7. Statistical Analyses
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A one-way ANOVA by Tukey or Dunnett post hoc (p < 0.05) was used to perform the data
analyses. The results were presented as average + SD. Analyses were performed using the IBM SPSS
Statistics for Windows (Version 22.0, IBM Corp., Armonk, NY, USA).

4. Conclusions

TBLF affected DMH- and AOM/DSS-induced tumorigenesis in the colon where only
premalignant lesions or ACF were affected. The DMH experiment showed that TBLF decreases the
incidence of premalignant lesions but no evidence of apoptotic mechanisms was observed. On the
other hand, our results suggested that AOM/DSS effects were related to the induction of the Akt
pathway and AiP process since an increase in cellular proliferation was observed together with high
levels of p53; however, more work is required to have a better understanding of such effects. The co-
administration of AOM/DSS-TBLF reversed p53 and PCNA to basal levels, suggesting an anti-
proliferative effect of TBLF, and apoptosis was confirmed by the increase of caspase 9 gene
expression, a decrease of Bcl-2, and the increment of caspase 3 and cytochrome-c proteins. The
decrease of p-Akt after the AOM/DSS-TBLF treatment appears to be related to a blocking effect of
TBLF; however, it is necessary to explore this pathway further. These results allow us to propose that
TBLF induces apoptosis in the early stages of colon malignancy in a p53-independent way. Further
research will focus on the signaling pathways triggered and/or altered by TBLF in colon cancer, and
will propose an evaluation of the ROS-mediated effects, the extrinsic and intrinsic pathways of
apoptosis, as well as other possibly triggered cell death processes to unravel the anticancer potential
of TBLF as a therapeutic agent against colon cancer

Acknowledgments: We thank CONACYT Ciencia Basica (CB-2014-01-241181), PFCE-2016, FOFI-UAQ 2015 for
their financial support, to Héctor Noriega-Girén and Paola Jazmin Aranda Vargas for their technical assistance.
We also thank Joel Gomez Martinez for his editing of the English language.

Author Contributions: Ulisses Moreno-Celis and Josué Lépez-Martinez performed all the in vivo experiments
and the experimental analyses; Ricardo Cervantes-Jiménez obtained the TBLF; Alejandro Eduardo Garcia-
Pascalin participated in the immunohistochemical analyses; Laura Elena Estrada-Martinez realized the in vitro
studies; Maria De Jests Guerrero-Carrillo performed the histopathological assays and their interpretation;
Carmen Mejia, Alejandro Blanco-Labra, and Adriana Jheny Rodriguez-Méndez participated in the study design
and interpretation; and Roberto Augusto Ferriz-Martinez and Teresa Garcia-Gasca directed the entire work. All
co-authors participated in general discussion and interpretation of the results.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Breitenbach Barroso Coelho, L.; Marcelino dos Santos Silva, P.; de Menezes Lima, V.L.; Viana Pontual, E.;
Guedes Paiva, P.M.; Napoleao, T.H.; dos Santos Correia, M.T. Lectins, interconnecting proteins with
biotechnological/pharmacological and therapeutic applications. Evidence-Based Complement. Altern. 2017,
2017, 1-2, doi:https://doi.org/10.1155/2017/1594074.

2. Van Damme, E.J.M. History of plant lectin research. In Methods in Molecular Biology (Clifton, N.J.);
Hirabayashi, J., Ed.; Springer: New York, NY, USA, 2014; Volume 1200, pp. 3—-13 ISBN 9781493912919.

3.  Timoshenko, A.V.; Gorudko, 1.V.; Gabius, H.-J. Lectins from Medicinal Plants: Bioeffectors with Diverse
Activities. In Phytochemicals. Biosyntehsis, function and application; Jetter, R., Ed.; Springer International
Publishing: Cham, Switzerland, 2014; pp. 43-57 ISBN 978-3-319-04044-8.

4. Fu, L. Zhou, C; Yao, S.; Yu, J.; Liu, B.; Bao, J. Plant lectins: Targeting programmed cell death pathways as
antitumor agents. Int. |. Biochem. Cell Biol. 2011, 43, 1442-1449, d0i:10.1016/j.biocel.2011.07.004.

5. Hirabayashi, J. Lectin-based Glycomics: How and When Was the Tecnology Born. In Lectins Methods and
Protocols; Hirabayashi, J., Ed.; Methods in Molecular Biology; Springer New York: New York, NY, USA,
2014; Vol. 1200, pp. 225-242 ISBN 978-1-4939-1291-9.

6.  Duranti, M.; Gius, C. Legume seeds: Protein content and nutritional value. F. Crop. Res. 1997, 53, 3145,
doi:10.1016/S0378-4290(97)00021-X.

7. Gonzalez De Mejia, E.; Prisecaru, V.I. Lectins as bioactive plant proteins: A potential in cancer treatment.
Crit. Rev. Food Sci. Nutr. 2005, 45, 425-45, d0i:10.1080/10408390591034445.



Molecules 2017, 22, 70 15 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Han, S.-Y.; Hong, C.-E.; Kim, H.-G.; Lyu, S.-Y. Anti-cancer effects of enteric-coated polymers containing
mistletoe lectin in murine melanoma cells in vitro and in vivo. Mol. Cell. Biochem. 2015, 408, 14-16,
doi:10.1007/s11010-015-2484-1.

Lagarda-Diaz, I.; Guzman-Partida, A.M.; Vazquez-Moreno, L. Legume lectins: Proteins with diverse
applications. Int. J. Mol. Sci. 2017, 18, 1-18, doi:10.3390/ijms18061242.

Fardini, Y.; Dehennaut, V.; Lefebvre, T.; Issad, T. O-GlcNAcylation: A new cancer hallmark? Front.
Endocrinol. (Lausanne). 2013, 4, 1-14, d0i:10.3389/fend0.2013.00099.

Christiansen, M.N.; Chik, J.; Lee, L.; Anugraham, M.; Abrahams, J.L.; Packer, N.H. Cell surface protein
glycosylation in cancer. Proteomics 2014, 14, 525-46, doi:10.1002/pmic.201300387.

Hakomori, S. Tumor Malignancy Defined by Aberrant Glycosylation and Sphingo (glyco) lipid
Metabolism. Cancer Res. 1996, 5309-5318.

Holst, S.; Wuhrer, M.; Rombouts, Y. Glycosylation characteristics of colorectal cancer. Adv. Cancer Res. 2015,
126, 203-256, d0i:10.1016/bs.acr.2014.11.004.

Jiang, Q.L.; Zhang, S.; Tian, M.; Zhang, S.Y.; Xie, T.; Chen, D.Y.; Chen, Y.J.; He, J.; Liu, J.; Ouyang, L.; et al.
Plant lectins, from ancient sugar-binding proteins to emerging anti-cancer drugs in apoptosis and
autophagy. Cell Prolif. 2015, 48, 17-28.

Deepa, M.; Sureshkumar, T.; Satheeshkumar, P.K,; Priya, S. Purified mulberry leaf lectin (MLL) induces
apoptosis and cell cycle arrest in human breast cancer and colon cancer cells. Chem. Biol. Interact. 2012, 200,
38-44, doi:10.1016/j.cbi.2012.08.025.

Valadez-Vega, C.; Morales-Gonzalez, J.A.; Sumaya-Martinez, M.T.; Delgado-Olivares, L.; Cruz-Castafieda,
A_; Bautista, M.; Sanchez-Gutiérrez, M.; Zufiiga-Pérez, C. Cytotoxic and antiproliferative effect of tepary
bean lectins on C33-A, MCF-7, SKNSH, and SW480 cell lines. Molecules 2014, 19, 9610-9627,
do0i:10.3390/molecules19079610.

Garcia-Gasca, T.; Garcia-Cruz, M.; Hernandez-Rivera, E.; Lopez-Matinez, J.; Castafieda-Cuevas, A.L.;
Yllescas-Gasca, L.; Rodriguez-Méndez, A.J.; Mendiola-Olaya, E.; Castro-Guillén, J.L.; Blanco-Labra, A.
Effects of Tepary bean (Phaseolus acutifolius) protease inhibitor and semipure lectin fractions on cancer
cells. Nutr. Cancer 2012, 64, 1269-1278, doi:10.1080/01635581.2012.722246.

Ouyang, L.; Chen, Y.; Wang, X.; Lu, R.; Zhang, S.; Tian, M.; Xie, T.; Liu, B.; He, G. Polygonatum odoratum
lectin induces apoptosis and autophagy via targeting EGFR-mediated Ras-Raf-MEK-ERK pathway in
human MCE-7 breast cancer cells. Phytomedicine 2014, 21, 1658-1665, d0i:10.1016/j.phymed.2014.08.002.
Choi, S.H.; Lyu, S.Y.; Park, W.B. Mistletoe lectin induces apoptosis and telomerase inhibition in human
A253 cancer cells through dephosphorylation of Akt. Arch. Pharm. Res. 2004, 27, 68-76.

Chen, J.; Liu, B.; Ji, N.; Zhou, ]J.; Bian, H.J.; Li, C.Y.; Chen, F.; Bao, ].K. A novel sialic acid-specific lectin from
Phaseolus coccineus seeds with potent antineoplastic and antifungal activities. Phytomedicine 2009, 16,
352-360, doi:10.1016/j.phymed.2008.07.003.

Liu, B.; Wu, J.M,; Li, J.; Liu, J.J.; Li, WW.; Li, C.Y.; Xu, H.L.; Bao, J.K. Polygonatum cyrtonema lectin induces
murine fibrosarcoma L929 cell apoptosis and autophagy via blocking Ras-Raf and PI3K-Akt signaling
pathways. Biochimie 2010, 92, 1934-1938, doi:10.1016/j.biochi.2010.08.009.

Hostanska, K.; Vuong, V.; Rocha, S.; Soengas, M.S.; Glanzmann, C.; Saller, R.; Bodis, S.; Pruschy, M.
Recombinant mistletoe lectin induces p53-independent apoptosis in tumour cells and cooperates with
ionising radiation. Br. ]. Cancer 2003, 88, 1785-1792, doi:10.1038/sj.bjc.6600982.

Valadez-Vega, C.; Guzman-Partida, A.M.; Soto-Cordova, F.J.; Alvarez-Manilla, G.; Morales-Gonzalez, J.A.;
Madrigal-Santillan, E.; Villagomez-Ibarra, J.R.; Ztfiga-Pérez, C.; Gutiérrez-Salinas, J.; Becerril-Flores, M. A
Purification, biochemical characterization, and bioactive properties of a lectin purified from the seeds of
white tepary bean (phaseolus acutifolius variety latifolius). Molecules 2011, 16, 2561-2582,
d0i:10.3390/molecules16032561.

Reynoso-Camacho, R.; Gonzalez De Mejia, E.; Loarca-Pifia, G. Purification and acute toxicity of a lectin
extracted from tepary bean (Phaseolus acutifolius). Food Chem. Toxicol. 2003, 41, 21-27,
doi:10.1016/S0278-6915(02)00215-6.

Ferriz-Martinez, R.; Garcia-Garcia, K.; Torres-Arteaga, I.; Rodriguez-Mendez, A.J.; Guerrero-Carrillo, M.
de]J.; Moreno-Celis, U.; Angeles—Zaragoza, M.V.; Blanco-Labra, A.; Gallegos-Corona, M.A; Robles-Alvarez,
J.P; et al. Tolerability assessment of a lectin fraction from Tepary bean seeds (Phaseolus acutifolius) orally
administered to rats. Toxicol. Reports 2015, 2, 63-69.

Torres Arteaga, I.; Castro Guillen, J.L. Characterization of Two Non-Fetuin-Binding Lectins from Tepary
Bean (Phaseolus acutifolius) Seeds with Differential Cytotoxicity on Colon Cancer Cells. J. Glycobiol. 2016,



Molecules 2017, 22, 70 16 of 17

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

5,1-7, doi:10.4172/2168-958X.1000117.

Fleming, M.; Ravula, S.; Tatishchev, S.F.; Wang, H.L. Colorectal carcinoma: Pathologic aspects.
J. Gastrointest. Oncol. 2012, 3, 153-173.

Saini, H. Legume seed oligosaccharides. In Huisman ], Van der Poel TFB, Liner IE (eds), Recent advances
of research in antinutritional factors in legume seeds. In Legume seed oligosaccharides; Van Der Poel, T.F. B.,
Huisman, J., Lienr, L.E., Eds.; Wageningen, Netherlands, 1989; pp. 329-341.

Campion, B.; Perrone, D.; Galasso, I; Bollini, R. Common bean ( Phaseolus vulgaris L.) lines devoid of
major lectin proteins. Plant Breed. 2009, 128, 199-204, doi:10.1111/j.1439-0523.2008.01569.x.
Pereira-da-Silva, G.; Carvalho, C.F.; Roque-Barreira, M.C. Neutrophil Activation Induced by Plant Lectins:
Modulation of Inflammatory Processes. Inflamm. Allergy - Drug Targets 2012, 11, 433-441,
do0i:10.2174/187152812803589985.

Dapra, F.; Gai, F.; Palmegiano, G.B.; Prearo, M.; Sicuro, B. Histological and physiological changes induced
by Red Kidney Bean lectins in the digestive system of rainbow trout, Oncorhynchus mykiss (Walbaum).
Ittiopatologia 2005, 2, 241-258.

Shi, Z.; Chen, J.; Li, C.; An, N.; Wang, Z.; Yang, S.; Huang, K_; Bao, J. Antitumor effects of concanavalin A
and Sophora flavescens lectin in vitro and in vivo. Acta Pharmacol. Sin. 2014, 35, 248-256,
doi:10.1038/aps.2013.151.

Fukuda, Y.; Sugahara, T.; Ueno, M.; Fukuta, Y.; Ochi, Y.; Akiyama, K.; Miyazaki, T.; Masuda, S.; Kawakubo,
A.; Kato, K. The anti-tumor effect of Euchema serra agglutinin on colon cancer cells in vitro and in vivo.
Anticancer Drugs 2006, 17, 943-947, doi:10.1097/01.cad.0000224458.13651.b4\ r00001813-200609000-00008
[pii].

Fu, T.; Burbage, C.; Tagge, E.P.; Brothers, T.; Willingham, M.C.; Frankel, A.E. Ricin toxin contains three
lectin sites which contribute to its in vivo toxicity. Int. ]. Immunopharmacol. 1996, 18, 685-692,
doi:10.1016/S0192-0561(97)85550-6.

Liu, B.; Bian, H.; Bao, J. Plant lectins: potential antineoplastic drugs from bench to clinic. Cancer Lett. 2010,
287, 1-12, d0i:10.1016/j.canlet.2009.05.013.

Gorelik, E.; Galili, U.; Raz, A. On the role of cell surface carbohydrates and their binding proteins (lectins)
in tumor metastasis. Cancer Metastasis Rev. 2001, 20, 245-277.

Cheng, J.Q.; Lindsley, CW.; Cheng, G.Z.; Yang, H.; Nicosia, S.V. The Akt/PKB pathway: Molecular target
for cancer drug discovery. Oncogene 2005, 24, 7482-92, doi:10.1038/sj.onc.1209088.

Roy, HK; Olusola, B.F.; Clemens, D.L.; Karolski, W.J.; Ratashak, A.; Lynch, H.T.; Smyrk, T.C. AKT proto-
oncogene overexpression is an early event during sporadic colon carcinogenesis. Carcinogenesis 2002, 23,
201-205.

Mollereau, B.; Ma, D. The p53 control of apoptosis and proliferation: Lessons from Drosophila. Apoptosis
2014, 19, 1421-1429, doi:10.1007/s10495-014-1035-7.

Jope, R.S.; Johnson, G.V.W. The glamour and gloom of glycogen synthase kinase-3. Trends Biochem. Sci.
2004, 29, 95-102, doi:10.1016/j.tibs.2003.12.004.

Takahashi, M.; Wakabayashi, K. Gene mutations and altered gene expression in azoxymethane-induced
colon carcinogenesis in. Cancer Sci. 2004, 95, 475-480.

Tong, Y.; Yang, W.; Koeffler, H.P. Mouse models of colorectal cancer. Chin. J. Cancer 2011, 30, 450-462,
do0i:10.5732/cjc.011.10041.

Rosenberg, D.W.; Giardina, C.; Tanaka, T. Mouse models for the study of colon carcinogenesis.
Carcinogenesis 2009, 30, 183-196, doi:10.1093/carcin/bgn267.

Mukhopadhyay, S.; Panda, P.K.; Das, D.N.; Sinha, N.; Behera, B.; Maiti, T.K.; Bhutia, S.K. Abrus agglutinin
suppresses human hepatocellular carcinoma in vitro and in vivo by inducing caspase-mediated cell death.
Acta Pharmacol. Sin. 2014, 35, 814-824, d0i:10.1038/aps.2014.15.

Valentin-Vega, Y.A.; Okano, H.; Lozano, G. The intestinal epithelium compensates for p53-mediated cell
death and guarantees organismal survival. Cell Death Differ. 2008, 15, 1772-1781, d0i:10.1038/cdd.2008.109.
Huang, Q.; Li, F.; Liu, X,; Li, W.; Shi, W.; Liu, F.-F.; O’Sullivan, B.; He, Z.; Peng, Y.; Tan, A.-C,; et al. Caspase
3-mediated stimulation of tumor cell repopulation during cancer radiotherapy. Nat. Med. 2011, 17, 860-866,
do0i:10.1038/nm.2385.

Huang, L.H.; Yan, Q.J.; Kopparapu, N.K,; Jiang, Z.Q.; Sun, Y. Astragalus membranaceus lectin (AML)
induces caspase-dependent apoptosis in human leukemia cells. Cell Prolif. 2012, 45, 15-21,
doi:10.1111/j.1365-2184.2011.00800.x.

Khil, L.-Y.; Kim, W.; Lyu, S.; Park, W.-B.; Yoon, J.-W.; Jun, H.-S. Mechanisms involved in Korean mistletoe



Molecules 2017, 22, 70 17 of 17

49.

50.

51.

52.

53.

lectin-induced apoptosis of cancer cells. World ]. Gastroenterol. 2007, 13, 2811-2818.

Lyu, S.Y.; Choi, S.H.; Park, W.B. Korean mistletoe lectin-induced apoptosis in hepatocarcinoma cells is
associated with inhibition of telomerasevia mitochondrial controlled pathway independent of p53. Arch.
Pharm. Res. 2002, 25, 93-101, doi:10.1007/BF02975269.

CAMPOS, J.E;, MARTINEZ-GALLARDO, N.; MENDIOLA-OLAYA, E., BLANCO-LABRA, A.
PURIFICATION AND PARTIAL CHARACTERIZATION OF A PROTEINASE INHIBITOR FROM
TEPARY BEAN (PHASEOLUS ACUTIFOLIUS) SEEDS. ]. Food Biochem. 1997, 21, 203-218,
doi:10.1111/j.1745-4514.1997.tb00215.x.

Jaffé, W.G,; Levy, A.; Gonzalez, D.I. Isolation and partial characterization of bean phytohemagglutinins.
Phytochemistry 1974, 13, 2685-2693, doi:10.1016/0031-9422(74)80224-4.

Garcia-Armenta, E.; Téllez-Medina, D.I.; Alamilla-Beltran, L.; Arana-Errasquin, R.; Hernandez-Sanchez,
H.; Gutiérrez-Lépez, G.F. Multifractal breakage patterns of thick maltodextrin agglomerates. Powder
Technol. 2014, 266, 440-446, doi:10.1016/j.powtec.2014.06.047.

Gouveia, G.R; Ferreira, S.C,; Ferreira, ].E.; Siqueira, S.A.C.; Pereira, ]. Comparison of two methods of RNA
extraction from formalin-fixed paraffin-embedded tissue specimens. Biomed Res. Int. 2014, 2014,
doi:10.1155/2014/151724.

Sample Availability: Not available.

@ © 2017 by the authors; Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CCBY) license (http://creativecommons.org/licenses/by/4.0/).



