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Original Article 
Novel cyclotides from Hedyotis diffusa induce apoptosis 
and inhibit proliferation and migration of prostate  
cancer cells
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Abstract: Background: Hedyotis diffusa is a well-known herb in traditional Chinese Medicine (TCM) which is used to 
treat various cancers including prostate cancer. Recently, lots of cyclotides possessing anti-cancer activities were 
found in Hedyotis family plants, suggesting that H.diffusa may also contain these bioactive ingredients. Cyclotides 
are heat-stable macrocyclic peptides from plants that display a wide range of biological activities. Currently, over 
250 cyclotides have been discovered. Objective: This study tried to isolate novel cyclotides from H.diffusa and 
further investigate their anti-cancer activities for the prostate cancer cells in vitro and in vivo. Methods: The novel 
cyclotides from H.diffusa were isolated and purified by High-performance liquid chromatography (HPLC), amino acid 
sequences in their primary structure were confirmed using Edman degradation and gene cloning. Colorimetric cell 
viability assay (CCK8 assay), wound healing assay and human prostate cancer xenograft were used to analyze their 
anti-prostate cancer activity in vitro and in vivo. Results: Three novel cyclotides, termed as Diffusa cyclotide 1 to 3 
(DC1-3) from the leaves and root of H.diffusa, were isolated firstly based on my knowledge. Using Edman degrada-
tion sequencing and gene cloning, we confirmed their amino acid sequence and obtained precursors of these pep-
tides. By CCK8 assay, all present cyclotides showed potent cytotoxicity against all three prostate cancer cell lines, 
especially for DC3. In migration assay and wound healing assay, DC3 inhibited the cell migration and invasion Of 
LNCap cells. By model of prostate xenograft, DC3 could significantly inhibit development of the tumor in weight and 
size compared to the placebo. Conclusion: The novel cyclotides extracted from H.Diffusa have anti-cancer effects, 
and they are potential bioactive ingredients in H.diffusa.
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Introduction

Cyclotides are plant-derived cyclic peptides 
containing 28 to 37 residues [1]. They can be 
considered as mini-proteins because of their 
well-defined 3D structures with an end-to-end 
circular peptide backbone cross-braced by 
three disulfide bonds in a cysteine-knot arran- 
gement of cysteine I-IV, II-V, III-VI [1, 2]. The 
absence of both termini and the presence of 
the knotted disulfide arrangement in a cyclic 
structure attributed to the extraordinary pro-
teolytic, thermal or chemical stability of the 
cyclotides [3]. 

The discovery of the first cyclotide, kalata B1, 
from the Rubiaceae plant, Oldenlandia affinis, 

dated back in the early 1970s [4]. Kalata B1 
produces an oxytocic activity and constitutes 
one of the active ingredients that cause the 
uterotonic decoction kalata-kalata to acceler-
ate child delivery in the tribal women in Congo. 
Since then, over 250 cyclotide sequences [2]
have been found in the Rubiaceae [5], Violaceae 
[6], Cucurbitaceae [7] and Fabaceae [8] fami-
lies. Cyclotides likely played a role of host 
defense in plants and exhibited diverse biologi-
cal activities such as anti-HIV [9], anti-cancer, 
antimicrobial [10], hemolysis [11], uterotensin 
[12], insecticidal [13] and nematicidal [14]. 
With respect to their anti-cancer effect, lots of 
studies have been done to investigate if 
cyclotides may produce cytotoxic and chemo-
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sensitization effects on various cancer cells 
[15-17].

Hedyotis diffusa is a Chinese herbal medicine 
widely used in combination with other herbal 
medicines such as Scutellaria barbata to treat 
various types of cancer [18]. Late-stage and 
recurrent cancer patients usually use H.diffusa 
during chemotherapy in expecting to achieve 
additive or synergistic therapeutic effects. 
Several classes of active ingredients, including 
anthraquinones, iridoid glucosides and stig-
masterols have been isolated and character-
ized from H.diffusa [19, 20]. Recently, some 
anti-cancer cyclotides have been isolated and 
confirmed from hedyotis biflora, which is quite 
homologous with H.diffusa [21]. Cyclotides 
have a well-known anti-cancer activity, which 
inspires us to investigate whether H.diffusa 
also have such active peptides. 

Based on my knowledge, there is no related 
cyclotide report in H.diffusa so far. In the cur-
rent study, we tried to find whether cyclotides 
existed in H.diffusa, and for further investigat-
ing their anti-cancer effects. 

Materials and methods

Screening cyclotides in H.Diffusa

Previous procedure by Tam et al [22] and Qian 
[21] was conducted to screen and isolate the 
new cyclotides. Briefly, 500 mg plant materials 
of H.diffusa were macerated and extracted 
with 2 mL of 50% ethanol. The extracts were 
diluted five-fold and subjected to C18 solid 
phase extraction (SPE) columns. The SPE col-
umns were washed with 20% acetonitrile (ACN) 
and eluted with 80% ACN. The eluted fractions 
were subjected to MALDI-TOF MS to scan for 
mass signals in the range between the 2-4 kDa. 
Plant extracts showing positive signal in the 
desired mass range were subjected to further 
S-reduction and S-alkylation to verify the num-
ber of disulfide.

Isolation and purification of cyclotides

Fresh aerial materials (5 kg) of H.diffusa were 
macerated with 5 L of 50% ethanol and parti-
tioned with 2.5 L of dichloromethane for defat-
ting. After removal of plant debris, the ethanol/
water fraction was dried in vacuum and dis-
solved in 200 mL of 10% ethanol. The concen-
trated extract was subjected to flash column 
packed with 100 g of C18 media (Agilent, USA). 

The column was washed with 20% ACN and 
eluted with 80% ACN to obtain a cyclotide-
enriched fraction containing main peptides. 
Isolation of individual peptides was then 
achieved by repetitive RP-HPLC using Agilent 
system. 

S-reduction and Edman degradation 

20 μg of each peptide was dissolved in 100 μL 
NH4HCO3 buffer (100 mM, pH 7.8) containing 
10 mM dithiothreitol (DTT) and incubated for 1 
hr at 37°C. Two-fold excess of iodoacetamide 
(IAA) over the total thiol was added and incu-
bated for 1 hr at 37°C. S-alkylated peptides 
were purified by RP-HPLC. All the purified pep-
tides were sent to Zhong Xiu Biotechnology Co. 
Ltd (Shanghai, China) for Edman degradation 
sequencing. 

RNA cloning of cyclotides

Total RNA was extracted from fresh plant mate-
rials (leaves, flowers, and roots) using the 
PureLinkTM RNA purification system (Invitrogen). 
cDNA libraries were prepared from total RNA 
using the SmarterTM RACE cDNA amplification 
kit (Takara). We used DC1 as a sample to 
explain the cloning procedure. First, 3’ RACE 
PCR was conducted using degenerate primers 
designed against DC1 (5-GGIGYRTTYAT- 
HAARTGYGGIGA-3’ encoding GAFLKCGE). The 
PCR products were then cloned into pGEM-T 
Easy vector (Promega) and sent for sequencing. 
The 5’-end partial gene was obtained from the 
same procedure using the Universal Primer A 
Mix primer from the kit and a specific primer 
against the 3’-untranslated region of the newly 
found gene. The full transcript was then assem-
bled from the two partial genes. This strategy 
was also applied to other diffusa cyclotides.

Cell culture

Human prostate cancer cell lines PC3, DU145 
and LNCap were purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, 
USA). The cells were cultured in RPMI 1640 
medium (Gibco Laboratories, Life Technologies 
Inc.; Grand Island, NY, USA) with 10% fetal 
bovine serum (FBS; Gibco, USA) at 37˚C in a 
humidified 5% CO2 atmosphere. 

Cytotoxicity assay

Various types of diffusa cyclotides were as- 
sessed for their cytotoxic activities observed in 
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prostate cancer cells. Briefly, the cells were 
incubated in a 96 well flat-bottomed microtiter 
plate (2 × 103). After 12 h of culture, the cells 
were treated with cyclotides at a dose (μM) of 
0.1, 0.5, 1, 4, 10 and 20, in 200 μl media for 72 
h. Cell viability was evaluated with Cell Counting 
Kit-8 (Beyotime) according to the protocol of 
the manufacture. After treated with CCK8 at 
37°C for 1 hour, three kinds of prostate cells 
were used to measure the absorbency at 450 
nm using a microplate reader (MD, USA). 

Wound healing motility assay

LNcap cells were grown in six-well tissue cul-
ture dishes until confluence. Cultures were 
incubated for 10 min with Moscona buffer. A 
scrape was made through the confluent mono-
layer with a plastic pipette tip of 1 mm diame-
ter. Afterwards, the dishes were washed twice 
and incubated at 37°C in fresh RPMI containing 
10% fetal bovine serum in the presence and 
absence of DC3 (0.01 and 0.05 µM). At the bot-
tom side of each dish, two arbitrary places were 
marked where the width of the wound was 
measured with an inverted microscope (objec-
tive × 4) (Olympus 1X71, Japan). Motility was 
expressed as Mean ± SEM coming from the dif-
ference between time interval measurements 
(0, 12 h and 24 h).

Matrigel invasion assay

The cellular invasiveness of LNCap treated with 
DC3 (0.01 and 0.05 µM) was tested using BD 
Matrigel Invasion Chamber (8-µm pore size; BD 
Biosciences, Le Pont de Claix, France) accord-
ing to the manufacturer’s protocol. Briefly, cells 
(1 × 105 cells in 0.5 mL media) and DC3 with 
indicated concentrations were incubated into 
the upper chambers of the system, the bottom 
wells in the system were filled with RPMI 1640 
supplemented with 10% fetal bovine serum as 
a chemo-attractant and then incubated at 
37°C for 24 h. Non-penetrating cells on the 

upper surface of the filter were 
removed using a cotton swab. The 
cells that had migrated through the 
Matrigel were fixed with 4% formalde-
hyde, stained with crystal violet and 
counted in 25 random fields under a 
microscope. The assay was carried 
out in duplicate and repeated three 
times for quantitative analysis. 

Tumor xenografts

Table 1. Biological characteristics of three novel cyclotides 
from Hedyotis diffusa 
Hedy-
otide Sequence MW 

(Da)
 Net 

Charge 
DC1 GAFLKCGESCVYLPCLTTVVGCSCQNSVCYRD 3394 0
DC2 GAVPCGETCVYLPCITPDIGCSCQNKVCYRD 3283 -1
DC3 G-TSCGETCVLLPCLSSVLGCTCQNKRCYKD 3157 +1
Note: Molecular weight is expressed as the monoisotopic mass of the 
molecule. Cysteine residues are highlighted in yellow.

16 female Balb/c nude mice (5-6 weeks of age) 
weighing 17-21 g were used for the anti-cancer 
efficacy study. The mice were randomly divided 
into 2 groups: (a) Control group (n = 8) receiving 
xenograft tumors alone in 0.9% NaCl at 10 mL/
kg; (b) DC3-treated group (n = 8) receiving 
xenograft tumors associated with intravenous 
administration of 1 mg/kg DC3. The mice were 
housed in a laminar air-flow cabinet under spe-
cific pathogen-free conditions and provided 
food and water ad libitum under a constant 
temperature (22 ± 2°C) and illuminated 7:00 
a.m. to 7:00 p.m. 

To establish LNCap xenograft tumor model in 
nude mice, the animals were intraperitoneally 
injected with 1 × 106 LNCap cells (in 0.2 mL 
medium) using a 23-gauge needle. Once the 
tumors became palpable (mean size of 0.1 
mm3 at day 12) after the injection, the mice 
were treated with either 0.9% NaCl or 1 mg/kg 
DC3 per day for consecutive 14 days. Tumor 
size was measured every three days using a 
caliper and tumor volume was calculated using 
the formula: V = a × b2/2, where a and b were 
the largest and smallest perpendicular diame-
ters, respectively. On day 14 after the treat-
ment, the mice were sacrificed and the tumors 
were harvested for weight measurement. The 
inhibition rate of DC3 on the tumor growth was 
calculated by the following formula:

Inhibition Rate = [1 - Tumor Weight (treatment)/
Tumor Weight (control)] × 100%. 

Statistical analysis 

All values were expressed as Mean ± SEM. The 
significance of the data was determined by 
one-way analysis of variance (ANOVA) followed 
by Student’s paired t test or Student-Newman-
Keuls analysis. A p value was less than 0.05 
was considered significant.
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Results

Screening for novel cyclotides from H.diffusa 

Fresh H.diffusa was collected from Tai Zhou 
city, Zhe Jiang province of China for the purpose 
to find novel cyclotides. Finally three peaks with 
molecular weights (Da) from 3000 to 3400 
were found using mass spectrometry. They 
were confirmed as cyclotides by comparing the 
mass difference before and after S-alkylation 
with IAA. Each S-alkylated half-cystine residue 
caused a mass increase of 58 Da. All of them 
displayed a mass shift of 348 Da, indicating 
the presence of three cysteine bonds. 

Isolation and sequence determination of DC1 
to DC3 

Three novel cyclotides with m/z of 3394, 3283, 
and 3157 Da were isolated from the H.diffusa 
by C18 reverse-phase HPLC. They were desig-
nated as Diffusa cyclotide 1 to 3 (abbreviated 
as DC1 to DC3). All of the cyclotides were 
sequenced by Edman degradation in support of 
Zhong Xiu biotech Ltd (Shang Hai, China). 

The primary sequences of DC1 to DC3 were 
summarized in Table 1. Database information 

revealed that all peptides were novel and 
belonged to the cyclotide family. 

Encoding cDNAs of DC1 to DC3

To determine the encoding cDNAs of DC1 to 
DC3, degenerate primers based on the CGETC 
and CGESC sequences of loop 1 were used for 
3’ RACE amplification. This resulted in the iden-
tification of three unique partial clones encod-
ing for DC1 to DC3, respectively. Reverse spe-
cific primers based on the cDNA sequences of 
each clone were then used for 5’RACE amplifi-
cation to obtain the remaining encoding 
sequences. Their full-length clones were desig-
nated as dcc1, dcc2 and ddc3 (diffusa cyclotide 
clone 1 to 3 corresponding to diffusa cyclotde 1 
to 3, respectively). Overall, the three clone has 
a similar arrangement to the oak1 and hcf-1 
clones from O. affinis [13] and H. centranthoi-
des [5], respectively. Each contains an ER sig-
nal sequence, an N-terminal propeptide, a 
cyclotide domain and a hydrophobic tail (Figure 
1). 

Cytotoxicity of hedyotide 

All three cyclotides were tested for their cyto-
toxicity against the three prostate cancer cells. 
As shown in Table 2, all of them demonstrated 
potent cytotoxicity and DC3 had a lowest IC50 
value. 

Effects of DC3 on invasive and migratory abili-
ties of LNcap cells

To study the effect of diffusa cyclotide on cell 
invasion and motility which were the character-
istics of cancer metastasis, we selected DC3, 
the most cytotoxic one, to test its effect on the 

Figure 1. Peptide sequence of DC1 to DC3 precursors. Their primary sequences were deduced from cDNA clones 
and aligned using Bioedit software. The mature cyclotide domains were underlined with red color.

Table 2. Sensitivities of the human prostate 
cancer cells to diffusa cyclotides

IC50 (μM)
LNcap PC3 DU145

DC1 5.03 2.24 3.32
DC2 4.31 2.65 3.11
DC3 0.21 0.76 0.55
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LNcap cells. In an invasion assay, we calculat-
ed the number of cells migrated to the bottom 
side of the membrane on a chamber where the 
cells were seeded. At a concentration of 0.01 
μM DC3, it did not show any significant effect 
on invasion ability. However, at a concentration 
of 0.05 μM, DC significantly suppressed the 
invasion ability of LNcap cells (average of 503 
and 161 cells per viewed field in untreated and 
DC3 group, respectively. P < 0.05) (Figure 2A). 

To examine whether DC3 had any effect on the 
migratory ability of the LNcap cells, we per-
formed a wound-healing experiment. Similar to 
the invasion assay, the data showed that DC3 
could significantly inhibit the migration of 
LNcap cells in both 12, 24 h and 48 h at the 
concentration of 0.05 but not 0.01 μM, the 
average of distance from the wound edge were 
9.1, 24.9, 35.3 and 5.2, 9.9, 12.2 in DC3 and 
untreated group at 12, 24 h and 48 h respec-
tively (Figure 2B). 

Inhibition of LNcap proliferation by DC3 in 
xenograft

The effects of DC3 on the LNcap xenograft 
model are shown in Figure 3. Tumor weight of 

capan2 xenografts inoculated subcutaneously 
in nude mice and treated with DC3 (1 mg/kg) or 
control carrier solution were average of 0.25 
and 0.36 g respectively. At a dose of 1 mg/kg, 
DC3 showed significant anti-cancer effect (P < 
0.01), and inhibition of rate of tumor growth 
(weight) was 40.23% (Figure 3A). 

By comparison with the control group, the 
effect of DC3 on tumor volume exhibited a sig-
nificant difference at a dose of 1 mg/kg with a 
value of 1.39 of RTV (relative tumor volume) 
while control has a 2.82 RTV (Figure 3B) (Tumor 
volume obtained were 129.5, 141.1, 152.0, 
179.9 and 130.3, 200.4, 261.1, 367.9 mm3 
respectively at 1, 5, 9, 14 day respectively, P < 
0.01). 

Discussion

It has been reported that H.diffusa is one of the 
most popular traditional herbal medicines in 
China [23]. It is noteworthy that H.diffusa has 
various pharmacological activities such as anti-
cancer [24], anti-inflammatory, hepatoprotec-
tive [25], and neuroprotective activities [26]. 
H.diffusa is used as a therapy to treat hepato-
ma, lung cancer, colon cancer, pancreatic can-
cer, and leukemia [27]. As a well-known herb, 
its effect has been confirmed in clinical prac-

Figure 2. DC3 (0.05 μM) inhibits prostate cancer 
cell invasion and migration in vitro. A. Cells invaded 
into Matrigel were counted as described in Materi-
als and Methods. B. The distance from the wound 
edge was measured in three independent wound 
sites per group; Cell motility tests were quantitated 
as described in “Materials and methods”. The graph 
was expressed as MEAN + SEM. *, P < 0.05, **, P < 
0.01 vs control. 

Figure 3. DC3 induces regression of established 
LNcap xenografts. A. Tumor weight of capan2 xeno-
grafts inoculated subcutaneously in nude mice and 
treated with DC3 (1 mg/kg) or control carrier solu-
tion, alone, for a total of 14 days. B. Tumor volume 
obtained from the same control and treated nude 
mice. Data points represent the mean ± SEM of 8 
mice per group. *Significantly different at P < 0.05, 
and **represents P < 0.01.
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tice. In the past few years, lots of research has 
been done to identify the bioactive ingredients 
such as 2-hydroxy-3-methylanthraquinoneand 
1-methoxy-2-hydroxyanthraquinone, which 
have been proved to be of inhibitory activity for 
protein tyrosine kinases v-src and pp60src and 
arrested the growth of SPC-1-A, Bcap37 and 
HepG2 cancer cells [28]. Recently, a series of 
cyclotides have been found in the Hedyotis 
family plants, which encourage us to investi-
gate whether the H.diffusa also contains these 
bioactive ingredients.

In this study, three novel cyclotides from 
H.diffusa were isolated. By searching data-
base, we confirmed that their sequences were 
never published. The encoding genes of DC1 to 
DC3 were subsequently cloned, revealing bio-
synthesis and processing of cyclotides in 
plants. 

A previous study has demonstrated that most 
cyclotides had potent cytotoxic activity [29]. In 
the present study, all of the three cyclotides 
from H.diffusa showed potent cytotoxic activity 
against three prostate cancer cell lines with 
their IC50 values shown at the level below 10 
μM, especially for DC3 whose IC50 value was 
lower than 1 μM. We speculated that this was 
due to a change in its net charge status since 
the bioactivities displayed by cyclotides were 
correlated with their net charge status, where-
as cyclotides containing positive charges in 
their net charges had the more potent cytotox-
icity [30]. The underlying mechanism could be 
considered that the positively charged 
cyclotides exerted their cytotoxicity by binding 
to the outer membrane of cancer cells present-
ing 3%-9% anionic phosphatidylserine, conse-
quently disrupted the integrity of cell mem-
brane [31].

Few studies reported the effect of cyclotides on 
invasion and migration of the cancer cells, 
although they have been considered as anti-
cancer agents. In the present study, DC3 was 
tested for its effects on invasion and migration 
of the LNcap cells. The results at non-toxic con-
centration (0.05 uM) of DC3 showed that it had 
significantly inhibitory effects on the abilities of 
both invasion and migration of the LNcap cells, 
raising such a possibility that its cancer-target-
ing ability should be further investigated. 

Finally, we established a mouse xenograft 
model of human prostate cancer (LNcap), in 
which anti-cancer activity of DC3 was studied 

in vivo. Although previous studies did not report 
significant anti-cancer activity of the plant 
cyclotides in vivo [16], in this study DC3 (1 mg/
kg) showed a 40% inhibition in the LNcap-
based model, suggesting its potential in cancer 
therapy. 

In conclusion, in our study, three novel 
cyclotides were obtained from H.diffusa and 
they exhibited potent anticancer bioactivity in 
the mouse xenograft model of human prostate 
cancer.
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