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Abstract

Helicteres angustifolia L. is a shrub that forms a common ingredient of several cancer treat-

ment recipes in traditional medicine system both in China and Laos. In order to investigate

molecular mechanisms of its anticancer activity, we prepared aqueous extract of Helicteres

angustifolia L. Roots (AQHAR) and performed several in vitro assays using human normal

fibroblasts (TIG-3) and osteosarcoma (U2OS). We found that AQHAR caused growth

arrest/apoptosis of U2OS cells in a dose-dependent manner. It showed no cytotoxicity to

TIG-3 cells at doses up to 50 μg/ml. Biochemical, imaging and cell cycle analyses revealed

that it induces ROS signaling and DNA damage response selectively in cancer cells. The

latter showed upregulation of p53, p21 and downregulation of Cyclin B1 and phospho-Rb.

Furthermore, AQHAR-induced apoptosis was mediated by increase in pro-apoptotic pro-

teins including cleaved PARP, caspases and Bax. Anti-apoptotic protein Bcl-2 showed

decrease in AQHAR-treated U2OS cells. In vivo xenograft tumor assays in nude mice

revealed dose-dependent suppression of tumor growth and lung metastasis with no toxicity

to the animals suggesting that AQHAR could be a potent and safe natural drug for cancer

treatment.

Introduction

Cancer is a group of diseases involving abnormal cell growth that often acquire potential to

invade or spread to other parts of the body. According to WHO, cancers rank among the lead-

ing causes of morbidity and mortality worldwide, with approximately 14 million new cases and

8.2 million cancer related deaths accounting for 14.6% of all human deaths in 2012. The num-

ber of new cases is expected to rise by about 70% over the next two decades [1, 2]. Surgery,

radiotherapy and chemotherapy are the current mainstream cancer treatments. However, the

PLOSONE | DOI:10.1371/journal.pone.0152017 March 24, 2016 1 / 17

OPEN ACCESS

Citation: Li K, Yu Y, Sun S, Liu Y, Garg S, Kaul SC,

et al. (2016) Functional Characterisation of

Anticancer Activity in the Aqueous Extract of

Helicteres angustifolia L. Roots. PLoS ONE 11(3):

e0152017. doi:10.1371/journal.pone.0152017

Editor: Durai Sundar, Indian Institute of Technology

(IIT) Delhi, INDIA

Received: October 25, 2015

Accepted: March 8, 2016

Published: March 24, 2016

Copyright: © 2016 Li et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any

medium, provided the original author and source are

credited.

Data Availability Statement: All relevant data are

within the paper.

Funding: The study was supported by grants from

the Institute of Laboratory Animal Science,

CAMS&PUMC (DWS201402) to RG and National

Institute of Advanced Industrial Science & Technology

(AIST) Special Research Fund to SCK and RW.

Competing Interests: The authors have declared

that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0152017&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


prevalent chemotherapeutic drugs have a number of limitations, such as adverse side effects,

limited efficacy, and high rate of secondary failures. Therefore, the research and development

of anticancer drugs with high efficiency and low toxicity, particularly the drugs extracted from

natural resources, is of great importance and has been attracting attention [3].

Helicteres angustifolia L. (H. angustifolia) is a small shrub widely distributed in slopping

grassland such as the Southeast China, Laos, Japan, Australia and many Southeast countries.

The dry root ofH. angustifolia, known as “Shan Zhi Ma” in Chinese, has been popularly con-

sumed as a medicinal liquor or tea to promote general wellness, and widely used to treat a vari-

ety of ailments ranging from influenza fever, carbuncle, parotitis, inflammation and cancer [4,

5]. Although popularly used for health benefits and therapeutic potentials, the scientific evi-

dence to such activities is scarce. Previous investigations on active phytochemicals in the roots

ofH. angustifolia have revealed the identification of flavonoids [6], quinines [7], triterpenoids

[8], cucurbitacins and their derivatives [9] in the chloroform and ethanol extracts that exhib-

ited anti-proliferation activity in a variety of human cancer (colorectal- COLO 205 & HT-29,

gastric- AGS, and ovarian- OVCA429, hepatic- HepG2 & BEL-7402 and melanoma- SK-MEL-

28) cells [8, 10, 11]. Considering that the water extract is more favorable for human consump-

tion, we investigated anticancer potential of aqueous extract of H. angustifolia roots (AQHAR)

and found, for the first time, that it possesses potent anti-cancer activity [12]. In the present

study, we demonstrate the mechanism, at least in part, of such anticancer activity using in vitro

cell-based assays. Furthermore, its relevance to in vivo tumor suppression was determined

using nude mice xenograft models.

Results and Discussion

Anti-proliferative effect of AQHAR on the growth of human
osteosarcoma (U2OS) and normal fibroblasts (TIG-3)

Cytotoxicity of AQHAR on human cancer (osteosarcoma, U2OS) and normal fibroblasts

(TIG-3) was examined by MTT assay. As shown in Fig 1A, AQHAR (50 μg/mL) inhibited

U2OS cell proliferation in a dose-dependent manner with a cell viability of 62.13 ± 3.94%,

while normal cells TIG-3 remained unaffected. The data was also evident by examining the

morphology of cells under the microscope (Fig 1B), suggesting that AQHAR is selectively toxic

to human cancer cells.

We evaluated the long-term effect of AQHAR on cell proliferation by colony formation

assays. U2OS cells treated with AQHAR for 6 h showed inhibition of their colony-forming effi-

cacy during 10 days of culture with regular change of normal medium, every three days. As

shown in Fig 1C and 1D, colony number and size decreased significantly (p<0.001) when cells

were treated with AQHAR (6.25, 12.5, 25, and 50 μg/mL).

AQHAR induced G2/M cell cycle arrest and apoptosis in U2OS cells

Based on the above data, we investigated the effect of AQHAR on cell cycle progression of

human cancer and normal cells. As shown in Fig 2A and 2C, the percentage of U2OS cells in

G2/M phase increased from 29.29 ± 1.64% in control to 31.06 ± 9.96% and 43.16 ± 8.32% in 25

and 50 μg/mL of AQHAR-treated cells, respectively. The increase in cell population in G2

stage was accompanied by a decrease in number of cells in S phase. Of note, we found no

change in cell cycle distribution in AQHAR-treated normal human fibroblasts (Fig 2B and

2D). The data was consistent with the selective cytotoxicity of AQHAR to cancer cells. Since

such selective induction of growth arrest in cancer cells is believed to be extremely useful for

cancer therapy [13–15], we next extended the analysis on cell cycle regulatory proteins.
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We performed a flow cytometric analysis to evaluate healthy (Annexin V-/7- ADD-), early

apoptotic (Annexin V+/7-ADD-), late apoptotic (Annexin V+/7-ADD+) and debris (Annexin

V-/7-ADD+) cell populations in control and AQHAR-treated cells. Annexin V positive (early

and late apoptosis) cells were considered as the apoptotic population.

As shown in Fig 3, apoptotic population of U2OS cells increased significantly with increas-

ing doses of AQHAR; 32.3% (with 25 μg/mL) and 49.3% (with 50 μg/mL), compared with the

untreated control group (17.11%). Induction of apoptosis has been recognized as an efficient

strategy for cancer chemotherapy and a useful indicator for cancer treatment and prevention

[16]. In view of the present data, we extended the analysis to explore the effect of AQHAR on

molecular markers of growth arrest and apoptosis.

AQHAR-induced cell cycle arrest and apoptosis in cancer cells is
mediated by activation of p53-p21 and caspase signaling

In order to understand the mechanisms of AQHAR-induced G2/M arrest, we examined G2/M

phase related regulatory proteins. As shown in Fig 4A, AQHAR (50 μg/mL) caused upregula-

tion of p53 expression. p21, a p53-downstream effector involved in growth arrest, also showed

increase in expression. Normal cells (TIG-3), however, showed no significant difference in p53

expression rather a minor decrease in p21 expression was observed as compared to untreated

cells. These results were also confirmed by immunostaining of control and AQHAR-treated

cells (Fig 4B). In parallel, we examined the level of G2/M arrest checkpoint protein, Cyclin B1.

Fig 1. Selective cytotoxicity of AQHAR in human cancer cells. (A) Cell viability of human cancer and normal cells treated with indicated doses of AQHAR.
Human osteosarcoma (U2OS) cells showed dose-dependent decrease in viability; normal fibroblasts (TIG-3) were not affected by the equivalent doses (B)
Phase contrast images of human cancer and normal cells showing toxicity of AQHAR (50 μg/ml) to cancer cells only. (C and D) Dose dependent reduction in
colony forming efficacy of AQHAR-treated U2OS cells. Results are represented as mean ± SD of three independent experiments. ***p<0.001 denotes
statistically significance difference between the control and treated groups. AQHAR, aqueous extract ofHelicteres angustifolia L. root.

doi:10.1371/journal.pone.0152017.g001
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A dose-dependent decrease in Cyclin B1 was found in U2OS cells treated with AQHAR, while

TIG-3 showed no significant difference (p<0.05) in control and treated cells. Immunostaining

also confirmed the down regulation of Cyclin B1 in AQHAR-treated U2OS cells, and not in

TIG-3, cells (Fig 4B). We also examined the expression of pRb by Western blotting (Fig 4A).

Whereas the treatment with AQHAR (50 μg/mL) showed decrease in the expression of phos-

phorylated pRb in cancer cells, there was no significant difference in normal cells. Taken

together, these results suggested that the selective cytotoxicity of AQHAR in U2OS cells was

mediated by activation of p53 and pRb pathways.

In order to determine the molecular mechanism of AQHAR-induced apoptosis, we exam-

ined major regulators of apoptotic signaling. Consistent with the flow-cytometric analysis,

there was a sharp decrease in the expression of apoptosis-related proteins pro-caspase 3, pro-

caspase 7, pro-caspase 9, Bcl-2, and PARP-1 and increase in Bax and cleaved PARP in a dose-

Fig 2. Cell cycle analysis of control and AQHAR treated cancer and normal human cells.Cell cycle
distribution of control and AQHAR-treated U2OS (A and C) and TIG-3 (B and D) cells are shown. Results
from three independent experiments are represented as mean ± SD. *p<0.05 denotes statistically
significance difference between the control and treated groups.

doi:10.1371/journal.pone.0152017.g002
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dependent manner (Fig 4C). Taken together, the above data suggested that AQHAR activates

two signaling pathways leading to growth arrest and apoptosis in cancer cells.

AQHAR caused induction of DNA damage and ROS signaling in cancer
cells

Based on the above results that the treament with AQHAR induces growth arrest and apopto-

sis, we hypothesized that it might be mediated by activation of DNA damage signaling. Control

and AQHAR-treated cells were examined for γH2AX, a sensitive and reliable marker for DNA

double-strand breaks [17] and activation of DNA damage response. Immunostaining results

revealed an increase in γH2AX (Fig 5A) and ROS (Fig 5B) in response to treatment with

AQHAR (50 μg/mL) compared to untreated (control) U2OS cells. We also performed comet

assay. U2OS cells treated with 25 μg/mL of AQHAR for 24 h or 100 μM of H2O2 for 20 min

(positive control) were collected for comet assay. As shown in Fig 5C, compared with the

untreated control, AQHAR (25 μg/mL) induced DNA damage in U2OS cells, as indicated by

the presence of DNA tail. Normal cells (TIG-3) showed no DNA tail after AQHAR treatment,

whereas a larger area and longer DNA tail length reflected extensive DNA damage in cells

treated with H2O2 (100 μM). DNA damage was also characterized as the amount of DNA in

“comet” tail (% Tail DNA) and its combination with distance of migration (Olive tail moment)

[18, 19]. As shown in Fig 5C, the percentage of total cell DNA in the tail significantly (p<0.05)

Fig 3. Induction of apoptosis by AQHAR in U2OS cells. Control and AQHAR-treated cell populations were
examined for Annexin-V expression by cytometric analysis. As shown, increase in apoptotic cells was
observed in cultures treated with increasing doses of AQHAR.

doi:10.1371/journal.pone.0152017.g003
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increased from 14.94 ± 4.82% (control) to 31.36 ± 6.35% (25 μg/mL of AQHAR), and the Olive

tail moment from 3.39 ± 1.32% (control) to 11.29 ± 3.45% in response to treatment with 25 μg/

mL of AQHAR, respectively. TIG-3 cells treated with the same concentration showed no signif-

icant difference (p<0.05) as compared to those untreated cells. These results suggest that

AQHAR inhibits cell proliferation by activating DNA damge response in cancer cells; normal

cells remain unaffected.

We next investigated the involvement of stress and DNA damage signaling in response to

AQHAR treatment in U2OS cells. As shown in Fig 5C, an induction of ROS was detected in

AQHAR-treated U2OS cells. ROS are chemically reactive molecules that have essential role

in signal transduction, cell growth and differentiation, regulation of enzyme activities and

immune response. Excessive amount of ROS may cause irreversible oxidative damage to DNA,

proteins and lipids leading to cell death. ROS-inducing reagents are considered as chemother-

apy reagents [20]. We found that the treatment with AQHAR led to induction of ROS in U2OS

cancer cells and may cause ROS-mediated selective DNA and mitochondral damage and apo-

ptosis, as reported for some other plant extracts and phytochemicals [21, 22].

Fig 4. Effect of AQHAR on key regulators of cell cycle arrest and apoptosis in U2OS and TIG-3 cells.Cells were treated with AQHAR for 24–48 h and
subjected to (A) Western blotting and (B) immunostaining for cell cycle regulatory proteins (p53, p21, Cyclin B1 and p-Rb). (C) Western blot analysis revealed
activation of apoptotic signaling in U2OS cells. Quantitation of the results from three independent experiments is shown as mean ± SD with statistical
significance as *p<0.05 between the control and AQHAR-treated cells.

doi:10.1371/journal.pone.0152017.g004
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Based on the results, it was predicted that the AQHAR-induced selective cytotoxicity to

U2OS cells involved activation of DNA damage, p53-p21 and ROS signalings pathways result-

ing in G2/M phase arrest or caspase-mediated apoptosis (Fig 6A). We next considered that

AQHAR may contain cucurbitacin B, a known phytochemical present in alcoholic extracts of

H. angustifolia roots [11], and investigated its selective cytotoxicity to cancer cells. As shown in

Fig 6B, cucurbitacin B showed cytotoxicity to a variety of human cancer cells at doses as low as

0.025 to 0.1 μM.We found that some cancer (HT1080, NCl-H1299, HeLa, MDA-MB-231)

cells showed poor response to cucurbitacin B, however it was cytotoxic to normal cells (TIG-3)

at dose as low as 0.025 μM (Fig 6B and 6C). The data was also supported by direct observation

of cells (Fig 6C) and cell cycle analysis (Fig 6D) that revealed that cucurbitacin B caused toxic-

ity to normal cells (human skin fibroblasts). Unlike AQHAR-treated cells, cucurbitacin B-

treated cells showed induction of cell cycle arrest in G2/M phase in both U2OS and TIG-3 cells

(Fig 6D). Cytotoxicity of cucurbitacin B to human cancer cells has been earlier attributed to

Fig 5. Induction of DNA damage and ROS by AQHAR treatment. AQHAR-treated cells exhibited increase in the γH2AX foci, signifying induction of DNA
damage (A) and ROS (B) in U2OS cells. (C) Neutral comet assay in control and AQHAR-treated U2OS and TIG-3 cells. Mean percent Tail DNA and Tail
moment was calculated using CASP Software. *p<0.05 denotes statistically significant difference between the control and treated U2OS cells. H2O2

(100 μM) was used as a positive control.

doi:10.1371/journal.pone.0152017.g005
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Fig 6. Cytotoxicity of curcubitacin B on cancer and normal human cells. (A) Schematic representation showing the effect of AQHAR on cancer cells by
induction of oxidative stress (ROS) and DNA-damage leading to activation of growth arrest and apoptosis signaling. (B) Effect of curcubitacin B on a variety
of human cancer and normal cells, ***p<0.001 denotes statistically significant difference between the control and treated groups. (C) Phase contrast images
of control and curcubitacin B-treated human osteosarcoma (U2OS) and normal (TIG-3) cells showing the toxicity to both. (D) Cell cycle analysis showing the
arrest of U2OS and TIG-3 cells in G2/M phase in response to curcubitacin B treatment. (E) Cucurbitacin B-treated U2OS cells show decrease in
phosphorylated RB (pRB) and increase in p53 at doses as low as 0.025 μM. Similar effects were observed by immunostaining in both cancer (U2OS) and
normal (TIG-3) cells (F).

doi:10.1371/journal.pone.0152017.g006
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disruption of microtubule polymerization [23, 24]. In addition to these reports, we found that

the cytotoxicity of cucurbitacin B was mediated by activation of p53 and pRb tumor suppres-

sors (Fig 6E). Furthermore, both Western blotting and immunostaining analyses revealed acti-

vation of pRB (decreased phosphorylation) and p53 (increased expression level) in AQHAR-

treated TIG-3 cells at doses as low as 0.05 and 0.025 μM, respectively (Fig 6E and 6F). These

data suggested that the selective cytotoxicity of AQHAR to cancer cells is caused by compo-

nents other than cucurbitacin B and there may be or AQHAR may contain some other compo-

nents that protected normal cells against its toxicity.

AQHAR caused tumor-suppression and inhibited lung metastasis in vivo

Since the anticancer activity in aqueous extract could be extremely beneficial for human con-

sumption, we examined its effect on in vivo tumor progression in nude mice. HT1080 subcuta-

neous xenograft bearing-mice were fed with AQHAR for 21 days. We found that the tumor

volume of control mice gradually increased and at the end of experiment, the average volume

of tumors in vehicle group reached to 449.86 ± 44.77 mm3. Notably, the average tumor volume

in AQHAR-treated mice were only 301.51 ± 52.30, 205.17 ± 25.71 and 116.54 ± 37.17 mm3 at

the dose of 100, 200 and 400 mg/kg body weight, respectively (Fig 7A). Moreover, at the end

of the experiment, tumor tissues were excised from each of the sacrificed mice and weighed

(Fig 7B). These data endorsed that the treatment with AQHAR caused significant (p<0.001)

inhibition of tumor progression in a dose dependent manner. The tumor inhibitory rate was

50.17 ± 18.62%, 66.73 ± 3.48%, and 82.93 ± 11.26% when the mice were fed with AQHAR at

the concentration 100, 200 and 400 mg/kg body weight, respectively.

In order to verify the mechanism of tumor suppression by AQHAR, tumors were subjected

to histological examination. As seen in Fig 7C, a marked dose-dependent decrease in the num-

ber and size of CD31-positive vessels was observed in AQHAR-treated tumors. H&E staining

results revealed contrasting results. Whereas tumor mass treated with different doses of

AQHAR displayed a large area of necrosis, there was a large area of proliferating tumor cells in

the vehicle group.

We also investigated the anti-metastasis activity of AQHAR in nude mice lung metastasis

assay. As shown in Fig 7D, control mice showed big tumors with an average tumor number

(45.8 ± 9.2) in the lung, whereas AQHAR-treated mice showed significant reduction in the

number (20.4 ± 16.5, p<0.05) and volume of lung tumors, suggesting AQHAR possessed a

strong anti-metastasis activity.

We next examined the expression level of metastasis related proteins, hnRNP-K and morta-

lin in bone (U2OS) and lung (A549) cancer cells in response to AQHAR treatment. It caused

downregulation of hnRNP-K expression in a dose-dependent manner (Fig 8A). The results

from immunofluorescence analysis also confirmed the downregulation of hnRNP-K in

AQHAR-treated both U2OS and A549 cells (Fig 8B). Overexpression of hnRNP-K has been

identified as a key regulator of metastasis [25, 26]. Thus, the suppression of hnRNP-K sup-

ported anti-metastasis activity of AQHAR. Since mortalin is a protein known to be involved in

carcinogenesis and metastasis, we examined the effect of AQHAR on its level and staining pat-

tern [27, 28]. Although no significant difference was found in the level of mortalin expression

(Fig 8A), the immunostaining analysis revealed its aggregation in AQHAR-treated cells (Fig

8B) suggesting disruption of its functions including mitochondrial import, chaperoning, intra-

cellular trafficking of other proteins and inactivation of tumor suppressor p53 [27, 28]. Indeed,

an activation of p53 was observed in AQHAR-treated cells (Fig 4). Taken together, these data

suggested that the treatment with AQHAR (i) caused anti-tumor and anti-metastasis effects,

mediated by activation of p53 and inactivation of hnRNP-K signaling and (ii) may involve

Functional Characterisation of Anticancer Activity in Helicteres angustifolia
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multiple cellular responds, including apoptosis, growth arrest and induction of senescence in

cancer cells.

AQHAR was safe for mice and induced antioxidant enzyme activities

The toxicity in mice was monitored by feeding them with AQHAR and keeping records of

their activity and body weight throughout the experiment. No toxicity was observed with any

of the doses used in the present study (Fig 7A and 7E). In order to further investigate the cyto-

toxic effect of AQHAR administration to the host, the levels of AST and GPT (markers of liver

function [29]) were measured in control and AQHAR-treated mice groups, along with the

plasma level of TP and GLU. Results of these biochemical parameters showed no signs of liver

damage or any cytotoxic effect to the host (Table 1). Decrease in the activities of antioxidant

Fig 7. Tumor-suppression by AQHAR treatment in nudemice tumor xenograft assays. (A) Body weight changes and tumor volume in control and
AQHAR-fed mice. (B) Images of dissected tumors and their average weight in control and AQHAR-treated groups. (C) Anti-angiogenic effect of AQHAR in
HT1080 xenograft tumors as determined by immunohistochemical staining for CD 31, and hematoxylin and eosin. (D) Effect of AQHAR on lung metastasis
showing decreased in number of lung tumors in AQHAR-treated group. (E) Change in body weight during tail vein lung metastasis experiments. *p<0.05,
**p<0.01 and ***p<0.001 denote the statistically significance between the control and treated groups.

doi:10.1371/journal.pone.0152017.g007
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Fig 8. Effect of AQHAR on hnRNP-K andmortalin, tumor metastasis mediating proteins, in A549 and U2OS cells. (A) Western blot analysis for
hnRNP-K and mortalin showing decrease in hnRNP-K. (B) Immunostaining of showing decrease in nuclear hnRNP-K and clustering of mortalin staining.
Results were represented as mean ± SD of three independent experiments. *p<0.05 denotes the statistically significant difference between the treated and
control groups.

doi:10.1371/journal.pone.0152017.g008

Table 1. Effect of AQHAR on antioxidant enzyme activities and biochemical parameters in mice blood.

Parameters Control (PBS) AQHAR (100 mg/kg) AQHAR (200 mg/kg) AQHAR (400 mg/kg)

SOD (U/mg protein) 89.40 ± 6.24 106.14 ± 2.83* 128.45 ± 12.5*** 180.14 ± 9.48***

CAT (U/mg protein) 0.18 ± 0.01 0.20 ± 0.01 0.21 ± 0.01** 0.24 ± 0.02***

MDA (μmol/L) 1.71 ± 0.65 1.13 ± 0.06 0.88 ± 0.06 0.71 ± 0.06*

TP (mg/mL) 4.48 ± 0.61 4.98 ± 0.38 4.64 ± 0.38 4.90 ± 0.62

GLU (g/L) 251.0 ± 71.96 248.33 ± 74.54 244.0 ± 47.08 232.33 ± 51.93

AST (U/L) 109.75 ± 26.59 116.25 ± 57.72 121.25 ± 47.12 104.50 ± 25.09

ALT (U/L) 27.25 ± 9.81 21.50 ± 7.05 29.00 ± 10.89 28.75 ± 16.82

Data are expressed as mean ± SD (n = 5).

*p<0.05,

**p<0.01

***p<0.001 denote the statistically significant difference between AQHAR-treated and control groups.

SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TP, total protein;

GLU, glucose.

doi:10.1371/journal.pone.0152017.t001
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enzymes such as SOD and CAT in the blood has been correlated with malignant transforma-

tion [30]. The increase of lipid peroxidation in the blood, represented by the amount of MDA,

signals the organ injury that is also associated with cancer [31]. We examined the levels of

SOD, CAT and MDA levels in control and AQHAR-treated mice. As shown in Table 1,

AQHAR-treated mice possessed an elevated level of SOD (with 100, 200 and 400 mg/mL,

p<0.05) and CAT (with 200 and 400 mg/mL, p<0.01), and reduced level of the MDA level

(with 400 μg/mL, p<0.05) suggesting that in addition to the activation of DNA-damage

response and p53-p21 signaling in cancer cells, AQHAR activated antioxidant signaling in

mice that may adds to its anticancer activity. Taken together, we propose that AQHAR could

be useful as a potent and safe natural anticancer medicine.

Herbal medicine has been known to enhance the immune function, speed up recovery, alle-

viate radiochemotherapy-related toxicities, improve quality of life, and extend survival and

hence has been popular as complementary treatments [32]. However, the exact mechanism of

their activties has not been resolved and limits their usage in clinic. We, hereby, report that the

aqueous extract of H. angustifolia, (AQHAR) causes selective toxicity to cancer cells. The

mechanism is through an induction of cell cycle arrest at G2 phase, caspases-mediated apopto-

sis and activating the DNA damage as well as oxidative stress responses (Figs 4 and 5). Of note,

normal cells remained unaffected at the equivalent doses. Moreover, the selective cancer cell

cytotoxicity was translated in vivo by tumor growth suppression, anti-angiogenesis and anti-

metastasis in mice and without any apparent toxic effect to them (Figs 7 and 8). In light of the

data that both cell cycle arrest and apoptosis were observed in AQHAR-treated cells, it is likely

that the cancer cells, in different cell cycle stages, respond in different ways and that attributes

to the anti-metastasis and anti-angiogenic activities as observed in in vivo assays (Fig 7). Fur-

ther studies are warranted to dissect the molecular mechanisms of such multiple activties of

AQHAR followed by its possible recruitment for effective cancer treatment.

Conclusion

The present study provides, for the first time, the molecular evidence of anticancer activity in

the aqueous extract ofH. angustifolia roots (AQHAR) in vitro and in vivo. AQHAR is proposed

as a promising natural and safe anticancer reagent for cancer treatment, and warrant further

studies.

Materials and Methods

Plant collection and preparation of the aqueous extract of H. angustifolia
roots (AQHAR)

The roots ofH. angustifolia used in the present study were collected from Vientianei, Laos

(18.069609, 102.828844) in June 2013. Botanical authentication was performed at the herbar-

ium of Kunming Institute of Botany, Chinese Academy of Sciences along with the deposition

of a voucher specimen (No. 090155).

The dried roots of H. angustifolia were grounded into fine powder (particle size<0.6 mm),

extracted with distilled water at room temperature for 24 h (twice) to obtain 8.4% extract. The

filtrates of two extractions were combined, concentrated with a rotary vacuum evaporator at

50°C, lyophilized and stored at -20°C until further use.

Cell lines and culture

Human cancer and normal cells, obtained from the Japanese Collection of Research Biore-

sources (JCRB, Japan), were maintained in Dulbecco’s modified Eagle’s minimal medium
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(DMEM; Invitrogen)-supplemented with 10% FBS and 1% penicillin/streptomycin at 37°C in a

humidified incubator with 5% CO2.

Cytotoxic/cell growth inhibition assay and morphological observations

The cytotoxic effect of AQHAR was determined by MTT {3-(4, 5- dimethylthiazol-2-yl)-2,

5-diphenyltetrazolium bromide (Life Technologies)} assay as described earlier [33].

For morphological observation, cells were seeded at 2 X 105 cells/well in 6-well plates, and

allowed to adhere for approximately 24 h following which the culture medium were replaced

with DMEMmedium containing 0, 25, or 50 μg/mL of AQHAR, respectively. After 24 h of

incubation, the morphology of cells was directly recorded using a phase-contrast inverted

microscope fitted with digital camera (Digital sight DS-L1, Nikon, Japan).

Colony forming assay

Effect of AQHAR on long-term proliferation of cancer cells was determined by colony forming

assay. 5 X 102 cells/well were seeded in a 6-well dish, allowed to adhere for approximately 24 h,

and treated with DMEM containing AQHAR (6.25, 12.5, 25 or 50 μg/mL) for 6 h. The treated

cells were maintained in normal medium until the appearance of colonies. The culture medium

was replaced with fresh medium every third day. Cells were fixed, stained, photographed and

counted as described earlier [34].

Detection of reactive oxygen species (ROS)

The ROS were detected by fluorescent staining using the Image-iTTM LIVE Green Reactive

Oxygen Species Detection Kit (Molecular Probes Inc, USA), following the procedure recom-

mended by the manufacturers and as described earlier [33]. Cells were treated with AQHAR

(50 μg/mL) for 24 h and counter stained with Hoechst 33342 as described earlier [35].

Single cell gel electrophoresis assay (Neutral comet assay)

Neutral comet assay was performed using Trevigen’s CometAssay1 Electrophoresis System

following the protocols recommended by the manufacturer. Briefly, U2OS and TIG-3 cells

were seeded (2 × 105 cells/well) in 6-well plates, and treated with or without 25 μg/mL of

AQHAR (37°C, 24 h) or 100 μMH2O2 (4°C, 20 min, positive control). After the treatments,

cells were collected, centrifuged (1,500 rpm, 3 min), washed and re-suspended in cold PBS.

Then 5 X103 cells were combined with 500 μL of molten low melting agarose (at 37°C) and

immediately pipetted 50 μL of the mixture onto a well CometSlide™ with care. After being kept

at 4°C in dark for 10 min, the slides were immersed in pre-chilled lysing solution for 1 h and

the neutral electrophoresis buffer for 30 min at 4°C, respectively. The electrophoresis (21 V, 30

min) was applied in the same buffer at 4°C. The slides were then immersed in DNA precipita-

tion solution and 70% ethanol successively for 30 min each time. After 30 min of staining of

SYBR1 Green at room temperature in dark, DNA damage and migrating fragments (comet

tail) was observed under Carl Zeiss microscope with epifluorescence optics. Quantitative analy-

sis was determined by using CASP software, and 50 randomly selected cells were analyzed per

sample.

Cell cycle analysis

U2OS and TIG-3 cells were seeded at a density of 2 X 105 cells/well in 6-well plates. After 24 h

of seeding, cells were treated with different concentrations of AQHAR (0, 25 and 50 μg/mL)

for 24 h followed by harvesting by trypsin. The cell pellets were fixed with ice-cold 70% ethanol
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and stored at -20°C until further use. The fixed cells were centrifuged at 500xg for 5 min,

washed twice with cold PBS (1 mL) and re-suspended in 0.25 mL PBS. To avoid false DNA-PI

staining, RNA was removed by adding 5 μL of RNase A (10 mg/mL) at 37°C for 1 h followed

by centrifugation (500xg) for 5 min. Supernatant was replaced by 200 μL of Guava Cell Cycle

reagent and incubated in dark for 30 min. The stained cells were subjected to cell cycle analysis

using Guava PCA flow cytometer (Millipore) and FlowJo Software (version 7.6, Flow Jo, LLC,

USA).

Apoptosis assay

U2OS cells were seeded at a density of 2 X 105 cells/well in 6-well plates and cultured in

medium for 24 h, followed by AQHAR treatments (0, 25 and 50 μg/mL). Apoptosis assay was

examined using Guava Nexin Reagents following the procedure recommended by the manu-

facturer, and as described earlier [34]. Number (%) of apoptotic cells was determined by FlowJo

Software.

Western blotting

The expression levels of proteins were determined by Western blotting as described earlier

[26]. Immunoassays were performed with anti-p53 (DO-1), -p21 (C-19), -caspase 7 (C-18),

-caspase 9 (H-83), -Bcl-2 (N-19), -Bax (N-20), -PARP (H-250) (Santa Cruz Biotechnology,

Inc.), anti-cyclin B1, -caspase 3 (BD biosciences), anti-hnRNP-K (ImmuQuest), anti-pRb (ser-

780), anti-actin (Chemicon International, CA) and anti-mortalin antibodies [33]. Quantitation

of immunoblots was performed using the Image J software (National Institute of Health).

Immunocytochemistry

Cells were seeded on 18-mm glass coverslips at 1 × 105 cells/well in 12-well plates, and treated

with 50 μg/mL of AQHAR for 24 h. Immunostaining was performed using antibodies includ-

ing, anti -p53 (DO-1), -p21 (C-19), -cyclin B1, -phospho- histone-γH2AX (S780) (Cell Signal-

ing Technology), and anti-hnRNP-K and protocols described earlier [35]. The cells were

examined under Carl Zeiss microscope with epifluorescence optics.

Animals

Five-week old female BALB/c nude mice were purchased from CLER Japan, Inc. (Tokyo,

Japan) for subcutaneous xenograft experiments and maintained in Laboratory Animal

Resource Center at the University of Tsukuba (Tsukuba, Japan). For tail vein- lung metastasis

experiment, four-week old female BALB/c nude mice were bought from Beijing HFK Biosci-

ence Co., Ltd (Beijing, China) and maintained in the Institute of Laboratory Animal Sciences

of Chinese Academy of Medical Sciences. All mice were kept in pathogen-free autoclaved cages

and maintained under controlled conditions with temperature of 23 ± 1°C, humidity of

55 ± 5% and a 12 h light/dark cycle. They were fed with standard rodent chow and water ad

libitum. Mice were allowed to acclimate to the housing conditions for one week prior to experi-

mentation. All the animal experiments were carried out in strict ethical accordance, following

the recommendations by the Animal Experiments Committee, University of Tsukuba

(Approval No. 14–375) and institutional regulations of Chinese Academy of Medical Sciences

(Approval No. ILAS-PG-2014-018), respectively.
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Tumor suppression assay

For subcutaneous xenograft model, HT1080 cells (0.2 mL, 1 × 107 cells) were injected subcuta-

neously into the inguinal area of each mouse. Twenty mice were randomly divided into 4

groups after 6 days; Group 1 (positive control, 0.2 mL/d, PBS), Group 2 (0.2 mL/d, 100 mg/kg

of AQHAR diluted in PBS), Group 3 (0.2 mL/d, 200 mg/kg of AQHAR diluted in PBS), and

Group 4 (0.2 mL/d, 400 mg/kg of AQHAR diluted in PBS). The animals were orally adminis-

trated with AQHAR or vehicle (PBS) for 21 days till tumors reached the targeted volume of

500 mm3 in the control group. To monitor the toxicity of this extract, the body weight of each

animal was taken every 3 days. Tumor volume in mice was measured and calculated every 3

days according to the formula: length × width2 × 1/2 [36]. At the end of the experiment, mice

were anaesthetized with isoflurane inhalation and their blood samples were taken from heart

and collected in polyethylene tubes. The plasma samples were obtained by centrifugation

(10,000 rpm, 4°C) for 10 min and kept frozen at -80°C until further use as described below.

Mice were sacrificed at the end of the treatment and the tumor tissues were removed and

weighed. The tumor inhibitory rates were calculated by using the following formula: Tumor

inhibitory rate (%) = (Wc—We) x 100/Wc (Wc is the mean tumor weight of the control mice,

andWe is the mean weight of the treated mice).

For lung metastasis model, HT1080 cells (0.2 mL, 1 × 106 cells/mice) were injected into the

nude mice through tail vein. Ten mice were randomly divided into 2 groups; Group 1 (positive

control, 0.2 mL/d, PBS) and Group 2 (0.2 mL/d, 400 mg/kg of AQHAR diluted in PBS). The

animals were orally administrated with AQHAR or vehicle (PBS) for 21 days and monitored

their body weight every alternate day. At the end of the experiment, the mice were sacrificed

and their lungs were excised, removed and evaluated for the presence of tumors.

Evaluation of tumor xenograft by histology and immunohistochemistry

Tumor tissues were fixed with formaldehyde, embedded in paraffin, and sectioned into 3-mm

thick sections. Representative sections were stained with hemotoxylin and eosin (H&E) and

examined by light microscopy. To detect the microvessel density, slides were deparaffinized in

xylene and processed for CD31 staining (PECAM-1, Cell Signaling Technology) as described

previously [27].

Measurement of biochemical parameters in blood

The antioxidant enzyme activities of superoxide dismutase (SOD) and catalase (CAT) along

with malondialdehyde (MDA) level in the plasma were measured using the corresponding

assay kits according to the protocols recommended by the manufacturer, respectively. Superox-

ide dismutase (SOD) Assay Kit (Cat no. S311) was purchased from Dojindo Molecular Tech-

nologies, Japan, Colorimetric Activity kit (CAT) (Cat no. K033-H) was obtained from Arbor

Assays, USA, and 2-Thiobarbituric Acid Reactive Substances (TBARS) Kit (Cat no. FR40) was

from Oxford Biomedical Research, USA. Plasma levels of aspartate aminotransferase (AST),

alanine aminotransferase (ALT), total protein (TP) and total glucose (GLU) were analyzed

using an automated biochemistry analyzer (FUJI DRI-CHEM 7000, Japan).

Statistical analysis

All experiments were carried out in triplicates, and data were expressed as mean ± standard

deviation (SD). Statistical analysis was performed using the SPSS 13.0 software (SPSS Inc.,

Chicago, USA). Differences among samples were evaluated by using analysis of variance
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(ANOVA) and Duncan’s multiple comparison method. Significant difference was assumed at

p<0.05.

Author Contributions

Conceived and designed the experiments: KL SCK RG RW ZZ. Performed the experiments: KL

YY SS SG YL. Analyzed the data: KL YY SG SCK RG RW ZZ. Contributed reagents/materials/

analysis tools: SCK RG RW ZZ. Wrote the paper: KL SCK RW ZL ZZ.

References
1. Stewart BS, Wild CP. World Cancer Report 2014. WHO. 9283204298.

2. World Health Organization (WHO). The top 10 causes of death (Fact sheet N°310). 2014; 1–5. Avail-
able: http://www.who.int/mediacentre/factsheets/fs310/en/

3. Efferth T, Fu Y-Y, Zu Y-G, Schwarz G, Konkimalla VSB, Wink M. Molecular target-guided tumor therapy
with natural products derived from traditional Chinese medicine. Curr Med Chem. 2007; 14: 2024–
2032. doi: 10.2174/092986707781368441 PMID: 17691944.

4. Jiangsu NewMedical College (JNMC). Dictionary of Chinese herb medicines. Shanghai: Shanghai
Scientific and Technologic Press. 1986. pp. 178–179.

5. Chiu NY, Chang KS. The Illustrated Medicinal Plants of Taiwan. Vol. 1. Taipei: Southern Materials
Center Inc. 1995. pp. 104.

6. Chen Z-T, Lee S-W, Chen C-M. New flavoid glycosides of Helicteres angustifolia. Heterocycles. 1994;
38: 1399–1406.

7. Chen C-M, Chen Z-T, Hong Y-L. A mansonone from Helicteres angustifolia. Phytochemistry 1990; 29:
980–982. doi: 10.1016/0031-9422(90)80061-K

8. Pan MH, Chen CM, Lee SW, Chen ZT. Cytotoxic triterpenoids from the root bark of Helicteres angusti-
folia. Chem Biodivers. 2008; 5: 565–574. doi: 10.1002/cbdv.200890053 PMID: 18421748.

9. Chen Z-T, Lee S-W, Chen C-M. Cucurbitacin B 2-sulfate and cucurbitacin glucosides from the root bark
of Helicteres angustifolia. Chem Pharm Bull. 2006; 54: 1605–1607. PMID: 17077563.

10. ChenW, TangW, Lou L, ZhaoW. Pregnane, coumarin and lupane derivatives and cytotoxic constitu-
ents from Helicteres angustifolia. Phytochemistry. 2006; 67: 1041–1047. doi: 10.1016/j.phytochem.
2006.03.005 PMID: 16631831

11. Wang G-C, Li T, Wei Y-R, Zhang Y-B, Li Y-L, Sze SCW, et al. Two pregnane derivatives and a quino-
lone alkaloid from Helicteres angustifolia. Fitoterapia. 2012; 83: 1643–1647. doi: 10.1016/j.fitote.2012.
09.016 PMID: 23010154

12. Li K, Lei Z, Hu X, Sun S, Li S, Zhang Z. In vitro and in vivo bioactivities of aqueous and ethanol extracts
from Helicteres angustifolia L. root. J Ethnopharmacol. 2015; 172: 61–69. doi: 10.1016/j.jep.2015.06.
007 PMID: 26087229

13. Schwartz GK, Shah MA. Targeting the cell cycle: A new approach to cancer therapy. J Clin Oncol.
2005; 23: 9408–9421. doi: 10.1200/JCO.2005.01.5594 PMID: 16361640.

14. Widodo N, Kaur K, Shrestha BG, Takagi Y, Ishii T, Wadhwa R, et al. Selective killing of cancer cells by
leaf extract of Ashwagandha: Identification of a tumor-inhibitory factor and the first molecular insights to
its effect. Clin Cancer Res. 2007; 13: 2298–306. doi: 10.1158/1078-0432.CCR-06-0948 PMID:
17404115.

15. Widodo N, Takagi Y, Shrestha BG, Ishii T, Kaul SC, Wadhwa R. Selective killing of cancer cells by leaf
extract of Ashwagandha: Components, activity and pathway analyses. Cancer Lett. 2008; 262: 37–47.
doi: 10.1016/j.canlet.2007.11.037 PMID: 18191020.

16. Sreelatha S, Jeyachitra A, Padma PR. Antiproliferation and induction of apoptosis byMoringa oleifera

leaf extract on human cancer cells. Food Chem Toxicol. 2011; 49: 1270–1275. doi: 10.1016/j.fct.2011.
03.006 PMID: 21385597.

17. Sharma A, Singh K, Almasan A. Histone H2AX phosphorylation: a marker for DNA damage, DNA
Repair Protocols. 2012. pp: 613–626.

18. Vojnovic B, Barber PR, Johnston P, Gregory HC, Marples B, Joiner MC, et al. A high sensitivity, high
throughput, automated single-cell gel electrophoresis (‘Comet’) DNA damage assay. 2003. Available:
http://users.ox.ac.uk/~atdgroup/technicalnotes/Comet%20analysis.pdf

19. Olive PL, Banáth JP, Durand RE. Heterogeneity in radiation-induced DNA damage and repair in tumor
and normal cells measured using the" comet" assay. Radiat Res. 1990; 122: 86–94. PMID: 2320728.

Functional Characterisation of Anticancer Activity in Helicteres angustifolia

PLOSONE | DOI:10.1371/journal.pone.0152017 March 24, 2016 16 / 17

http://www.who.int/mediacentre/factsheets/fs310/en/
http://dx.doi.org/10.2174/092986707781368441
http://www.ncbi.nlm.nih.gov/pubmed/17691944
http://dx.doi.org/10.1016/0031-9422(90)80061-K
http://dx.doi.org/10.1002/cbdv.200890053
http://www.ncbi.nlm.nih.gov/pubmed/18421748
http://www.ncbi.nlm.nih.gov/pubmed/17077563
http://dx.doi.org/10.1016/j.phytochem.2006.03.005
http://dx.doi.org/10.1016/j.phytochem.2006.03.005
http://www.ncbi.nlm.nih.gov/pubmed/16631831
http://dx.doi.org/10.1016/j.fitote.2012.09.016
http://dx.doi.org/10.1016/j.fitote.2012.09.016
http://www.ncbi.nlm.nih.gov/pubmed/23010154
http://dx.doi.org/10.1016/j.jep.2015.06.007
http://dx.doi.org/10.1016/j.jep.2015.06.007
http://www.ncbi.nlm.nih.gov/pubmed/26087229
http://dx.doi.org/10.1200/JCO.2005.01.5594
http://www.ncbi.nlm.nih.gov/pubmed/16361640
http://dx.doi.org/10.1158/1078-0432.CCR-06-0948
http://www.ncbi.nlm.nih.gov/pubmed/17404115
http://dx.doi.org/10.1016/j.canlet.2007.11.037
http://www.ncbi.nlm.nih.gov/pubmed/18191020
http://dx.doi.org/10.1016/j.fct.2011.03.006
http://dx.doi.org/10.1016/j.fct.2011.03.006
http://www.ncbi.nlm.nih.gov/pubmed/21385597
http://users.ox.ac.uk/~atdgroup/technicalnotes/Comet%20analysis.pdf
http://www.ncbi.nlm.nih.gov/pubmed/2320728


20. Piccirillo S, Filomeni G, Brune B, Rotilio G, Ciriolo MR. Redox mechanisms involved in the selective
activation of Nrf2-mediated resistance versus p53-dependent apoptosis in adenocarcinoma cells. J
Biol Chem. 2009; 284: 27721–27733. doi: 10.1074/jbc.M109.014837 PMID: 19643729.

21. Widodo N, Priyandoko D, Shah N, Wadhwa R, Kaul SC. Selective killing of cancer cells by Ashwa-
gandha leaf extract and its component withanone involves ROS signaling. PLoS One. 2010; 5:
e13536. doi: 10.1371/journal.pone.0013536 PMID: 20975835

22. Ding H, Han C, Guo D, Chin YW, Ding Y, Kinghorn AD, et al. Selective induction of apoptosis of human
oral cancer cell lines by avocado extracts via a ROS-mediated mechanism. Nutr Cancer. 2009; 61:
348–356. doi: 10.1080/01635580802567158 PMID: 19373608.

23. Duangmano S, Saelim P, Suksamrarn A, Patmasiriwat P, Domann FE. Cucurbitacin B causes
increased radiation sensitivity of human breast cancer cells via G2/M Cell Cycle Arrest. J Oncol. 2012;
PMID: 601682. doi: 10.1155/2012/601682

24. Duangmano S, Sae-Lim P, Suksamrarn A, Domann FE, Patmasiriwat P. Cucurbitacin B inhibits human
breast cancer cell proliferation through disruption of microtubule polymerization and nucleophosmin/
B23 translocation. BMC Complement Altern Med. 2012; 12: 185. doi: 10.1186/1472-6882-12-185
PMID: 23062075.

25. Inoue A, Sawata SY, Taira K, Wadhwa R. Loss-of-function screening by randomized intracellular anti-
bodies: Identification of hnRNP-K as a potential target for metastasis. Proc Natl Acad Sci U S A. 2007;
104: 8983–8988. doi: 10.1073/pnas.0607595104 PMID: 17483488.

26. Gao R, Yu Y, Inoue A, Widodo N, Kaul SC, Wadhwa R. Heterogeneous nuclear ribonucleoprotein K
(hnRNP-K) promotes tumor metastasis by induction of genes involved in extracellular matrix, cell move-
ment, and angiogenesis. J Biol Chem. 2013; 288: 15046–15056. doi: 10.1074/jbc.M113.466136
PMID: 23564449.

27. Yoo JY, Ryu J, Gao R, Yaguchi T, Kaul SC, Wadhwa R, et al. Tumor suppression by apoptotic and anti-
angiogenic effects of mortalin-targeting adeno-oncolytic virus. J Gene Med. 2010; 12: 586–595. doi:
10.1002/jgm.1471 PMID: 20603860.

28. Wadhwa R, Takano S, Kaur K, Deocaris CC, Pereira-Smith OM, Reddel RR, et al. Upregulation of mor-
talin/mthsp70/Grp75 contributes to human carcinogenesis. Int J Cancer. 2006; 118: 2973–2980. doi:
10.1002/ijc.21773 PMID: 16425258.

29. Achliya GS, Wadodkar SG, Dorle AK. Evaluation of hepatoprotective effect of Amalkadi Ghrita against
carbon tetrachloride-induced hepatic damage in rats. J Ethnopharmacol. 2004; 90: 229–232. doi: 10.
1016/j.jep.2003.09.037 PMID: 15013185.

30. Kavitha K, Manoharan S. Anticarcinogenic and antilipidperoxidative effects of Tephrosia purpurea
(Linn.) Pers. in 7, 12-dimethylbenz (a) anthracene (DMBA) induced hamster buccal pouch carcinoma.
Indian J Pharmacol. 2006; 38: 185. doi: 10.4103/0253-7613.25805

31. Navarro J, Obrador E, Pellicer JA, Asensi M, Viña J, Estrela JM. Blood glutathione as an index of radia-
tion-induced oxidative stress in mice and humans. Free Radic Biol Med. 1997; 22: 1203–1209. pii:
S0891584996005540. PMID: 9098094.

32. Li D, Wu LJ, Tashiro S, Onodera S, Ikejima T. Oridonin-induced A431 cell apoptosis partially through
blockage of the Ras/Raf/ ERK signal pathway. J Pharmacol Sci. 2007; 103: 56–66. doi: 10.1254/jphs.
FPJ06016X PMID: 17251686.

33. Wadhwa R, Singh R, Gao R, Shah N, Widodo N, Nakamoto T, et al. Water extract of Ashwagandha
leaves has anticancer activity: Identification of an active component and its mechanism of action. PLoS
One. 2013; 8: e77189. doi: 10.1371/journal.pone.0077189 PMID: 24130852.

34. Li K, Yang X, Hu X, Han C, Lei Z, Zhang Z. In vitro antioxidant, immunomodulatory and anticancer activ-
ities of two fractions of aqueous extract from Helicteres angustifolia L. root. J Taiwan Inst Chem E.
2016; in press. doi: 10.1016/j.jtice.2015.12.022

35. Ryu J, Kaul Z, Yoon A-R, Liu Y, Yaguchi T, Na Y, et al. Identification and functional characterization of
nuclear mortalin in human carcinogenesis. J Biol Chem. 2014; 289: 24832–24844. doi: 10.1074/jbc.
M114.565929 PMID: 25012652.

36. Collins A, Yuan L, Kiefer TL, Cheng Q, Lai L, Hill SM. Overexpression of the MT1melatonin receptor in
MCF-7 human breast cancer cells inhibits mammary tumor formation in nude mice. Cancer Lett. 2003;
189: 49–57. doi: 10.1016/S0304-3835(02)00502-5 PMID: 12445677.

Functional Characterisation of Anticancer Activity in Helicteres angustifolia

PLOSONE | DOI:10.1371/journal.pone.0152017 March 24, 2016 17 / 17

http://dx.doi.org/10.1074/jbc.M109.014837
http://www.ncbi.nlm.nih.gov/pubmed/19643729
http://dx.doi.org/10.1371/journal.pone.0013536
http://www.ncbi.nlm.nih.gov/pubmed/20975835
http://dx.doi.org/10.1080/01635580802567158
http://www.ncbi.nlm.nih.gov/pubmed/19373608
http://www.ncbi.nlm.nih.gov/pubmed/601682
http://dx.doi.org/10.1155/2012/601682
http://dx.doi.org/10.1186/1472-6882-12-185
http://www.ncbi.nlm.nih.gov/pubmed/23062075
http://dx.doi.org/10.1073/pnas.0607595104
http://www.ncbi.nlm.nih.gov/pubmed/17483488
http://dx.doi.org/10.1074/jbc.M113.466136
http://www.ncbi.nlm.nih.gov/pubmed/23564449
http://dx.doi.org/10.1002/jgm.1471
http://www.ncbi.nlm.nih.gov/pubmed/20603860
http://dx.doi.org/10.1002/ijc.21773
http://www.ncbi.nlm.nih.gov/pubmed/16425258
http://dx.doi.org/10.1016/j.jep.2003.09.037
http://dx.doi.org/10.1016/j.jep.2003.09.037
http://www.ncbi.nlm.nih.gov/pubmed/15013185
http://dx.doi.org/10.4103/0253-7613.25805
http://www.ncbi.nlm.nih.gov/pubmed/9098094
http://dx.doi.org/10.1254/jphs.FPJ06016X
http://dx.doi.org/10.1254/jphs.FPJ06016X
http://www.ncbi.nlm.nih.gov/pubmed/17251686
http://dx.doi.org/10.1371/journal.pone.0077189
http://www.ncbi.nlm.nih.gov/pubmed/24130852
http://dx.doi.org/10.1016/j.jtice.2015.12.022
http://dx.doi.org/10.1074/jbc.M114.565929
http://dx.doi.org/10.1074/jbc.M114.565929
http://www.ncbi.nlm.nih.gov/pubmed/25012652
http://dx.doi.org/10.1016/S0304-3835(02)00502-5
http://www.ncbi.nlm.nih.gov/pubmed/12445677

