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Abstract

Background and purpose: Angiogenesis has been one of the hallmarks of cancer. In recent years, Phyllanthus
niruri extract (PNE) was reported to inhibit angiogenesis by decreasing the levels of vascular endothelial
growth factor (VEGF) and hypoxia-inducible factor-1a (HIF-1a) in breast cancer. However, the experimental
results were confirmed in cancer cell lines only, whereas the anti-angiogenic activity in animal models has not
been demonstrated. In this study, we tried to examine the anti-angiogenic activity of PNE on BALB/c strain
mice models that were induced for breast cancer using the carcinogenic substance 7,12-
dimethylbenz[a]anthracene (DMBA).

Experimental approach: Experimental animals were divided into five different groups; vehicle, DMBA, PNE
500 mg/kg, PNE 1000 mg/kg; and PNE 2000 mg/kg. Mammary carcinogenesis was induced using a
subcutaneous injection of 15 mg/kg of DMBA for 12 weeks. Afterward, oral PNE treatment was given for the
following 5 weeks. VEGFA and HIF-1a were observed using immunohistochemistry. Endothelial cell markers
CD31, CD146, and CD34 were observed using the fluorescent immunohistochemistry method. The levels of
interleukin-6 (IL-6), IL-17, and C-X-C motif chemokine (CXCL12) were measured using flow cytometry.
Findings/Results: The survival analysis indicated that PNE increased the survival rate of mice
(P = 0.043, log-rank test) at all doses. The PNE treatment decreased the immunoreactive score of angiogenic
factors (VEGF and HIF-1a), as well as the endothelial cell markers (CD31, CD146, and CD34). The PNE-
treated groups also decreased the levels of inflammatory cytokines (IL-6, 1L-17, and CXCL12) at all doses.
Conclusion and implications: This finding suggests that PNE may inhibit the progression of angiogenesis in
breast cancer mice by targeting the hypoxia and inflammatory pathways.
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INTRODUCTION vascular endothelial growth factor (VEGF) is

among the most responsible factors to promote

Angiogenesis is the formation and angiogenesis. One of the most substantial

elongation of pre-existing blood vessels. inducers of VEGF in the tumor
Although it is physiologically necessary for microenvironment is hypoxia.

homeostasis, such as embryogenesis and

wound healing, it is also a hallmark for cancer.

Not only does it assist the tumor to metastasize, HgEess il eriel saline

but also provides oxygen and nutrition to the

growing tumor (1). The angiogenic factor Website: http://rps.mui.ac.ir
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Hypoxic cells in the tumor microenvironment
stabilize hypoxia-inducible factor-1o (HIF-1a)
and promote tumor angiogenesis by secreting
VEGF into the extracellular matrix (2). Around
50-60% of tumors develop hypoxia and are
heterogeneously distributed within the tumor
microenvironment. Under normal conditions,
the oxygen supply is adjusted to the tissue
metabolic requirements. However, as a tumor
develops, the oxygen consumption rate exceeds
the oxygen availability, which then caused an
imbalance in oxygen supply around the tissue.
It was demonstrated that the partial oxygen
pressure (pO2) in normal breast tissue is around
65 mmHg (1 mmHg = 133.3 Pa), while the pO2
within breast cancer tissue only reached
10 mmHg (3). Various infiltrating immune cells
may also contribute to the aggressiveness of the
tumor by promoting a vascular niche within the
tissue. Cytokines such as interleukin-6 (IL-6)
and IL-17 produced by immune cells also
contribute to higher expression of VEGF (4).
Furthermore, the chemokine C-X-C motif
ligand (CXCL12) may enhance angiogenesis
by recruiting progenitor endothelial cells,
allowing blood vessels to penetrate the tumor
microenvironment (5). These inflammatory
events play a crucial role in the progression of
angiogenesis.

The 7,12-dimethylbenz[a]anthracene
(DMBA) is a polycyclic aromatic hydrocarbon
with carcinogenic effects and has been
successfully utilized to induce mammary
tumors in rodents (6,7). The DMBA-induced
breast cancer model had significantly high
levels of inflammatory cytokines, such as IL-6,
tumor necrosis factor alpha (TNF-a), interferon
gamma (IFN-vy), and IL-1p (8). The underlying
mechanisms of DMBA involve the mutation of
the ras gene and cellular oxidative damage that
were important for the development of cancer
(9-11). To enhance tumorigenesis, DMBA was
injected to young rodents when mammary
glands are still undifferentiated and highly
proliferative.

Remarkable antitumor responses were
achieved by inhibiting angiogenesis. Therefore,
clinically tested drugs were developed to inhibit
VEGF and showed promising results (12).
Phyllanthus niruri L. (P. niruri) is a traditional
herb used by Asian people to treat several
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diseases such as malaria, hepatitis B, and
diabetes (13). However, recent researches
suggest anticancer effects in several cancer cell
lines (14-16). Aqueous extract of P. niruri
suppressed the tumor growth in DMBA-
induced skin cancer mouse models without
showing any toxic effects (17). It was
speculated that P. niruri exhibits anticancer
properties by regulating the expression of
VEGFA and HIF-1a (18-20). Unfortunately, so
far these studies were hypothesized using
cancer cell lines only, and the anti-angiogenic
activity of P. niruri in animal models has not
been validated. In this study, we investigated
the therapeutic effects of P. niruri in animal
models to confirm the anti-angiogenic activity
in breast cancer.

MATERIALS AND METHODS

Herb extraction

P. niruri (Specimen No.
075/84A/102.7/2019) was obtained and
identified from UPT Materia Medika (Batu
City, Indonesia). Herb extraction was prepared
by dissolving grounded herb powder with
distilled aqua with a 1:10 ratio (herb:solvent,
w/v). The solution was shaken using a rotary
shaker at 1000 rpm for 24 h. The filtered
mixture was evaporated and freeze-dried
at -20 °C for one week to remove the remaining
water. P. niruri extract (PNE) was kept at 4 °C
freezer for storage.

Experimental design

All procedures in this experiment were
evaluated and proved by the Animal Care and
Use Committee from the University of
Brawijaya (Ethic No. 1152-KEP-UB).
Experiments were carried out with 7-week-old
female BALB/c mice obtained from Gajah
Mada University, Yogyakarta, Indonesia,
n = 75. The animals were kept in a standard
pathogen-free facility and had free access to
food and water. After a week of
acclimatization, the animals were randomly
separated into 5 different groups. Vehicle
group, mice were neither exposed to DMBA
nor given any PNE treatment (n = 15); DMBA
group, mice were exposed to 15 mg/kg DMBA
without given any PNE treatment (n = 15); PNE



groups, mice were exposed with 15 mg/kg
DMBA and were treated with 3 different doses
of PNE at 500, 1000, and 2000 mg/kg
(n = 15, for each respective dose). These doses
were previously tested for acute toxicity tests to
healthy mice for 14 days but did not cause any
mortality (data were not shown). Breast cancer
was induced using multiple doses of DMBA
(Tokyo Chemical Industry, Japan) injected
subcutaneously in the mammary glands. The
injection was done weekly for 12 weeks and
was then given daily oral PNE treatment for 5
weeks. Due to the high toxicity of DMBA, not
all mice survived until the end of the study, and
these mice were not counted in our data analysis
except for survival analysis only. In this case, at
least 5 mice must remain in each group for data
analysis.

Histological analysis
Hematoxylin and eosin staining

Dissected breast tissue was immersed in
10% neutral-buffered formalin for 24 h at room
temperature.  Fixated tissue was then
dehydrated, embedded in paraffin, and then
sectioned to 5 um thick. Sections were stained
with hematoxylin and eosin (H&E) and
mounted on top of slides.

Immunohistochemistry staining

Histological slides were rehydrated and
endogenous enzymes were blocked with 3%
peroxidase for 40 min. Antigen retrieval was
done by immersing slides with 0.01 M pH 6
citrate buffer at 90 °C for 5 min. Background
staining was blocked with Superblock™
blocking buffer (Thermo Fisher Scientific,
USA) for 30 min. Sections were diluted with
primary antibodies rabbit anti-HIF-10 and anti-
VEGFA (Santa Cruz Biotechnology, USA)
overnight at 4 °C and incubated with
horseradish peroxidase-conjugated goat anti-
mouse secondary antibody (Santa Cruz
Biotechnology, USA) for 30 min. Slides were
diluted with 3,3’-diaminobenzidine (DAB) as a
chromogenic substance for 2 min. Mayer’s
hematoxylin was used as a counter-stain.

Fluorescent immunohistochemistry staining
Fluorescent staining was done using a direct
method to utilize three antibodies altogether.
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The antibodies include Alexa Fluor
405-conjugated anti-cluster of differentiation
(CD) 31, FITC-conjugated anti-CD146, and
PE-conjugated anti-CD34 (BioLegend, USA).
Dissected tissue was rehydrated in xylene,
descending grades of ethanol, and finally in
distilled water. Endogenous enzymes were
blocked with 3% peroxidase for 40 min and
incubated with Superblock™ blocking buffer
for 30 min. Sections were diluted with
fluorochrome-conjugated primary antibodies
for 60 min at 4 °C, mounted with anti-fade
mounting media, and were immediately
examined.

Flow cytometry

The antibodies used include PE-conjugated
anti-CD4, FITC-conjugated  anti-CD68,
PE/Cy5.5-conjugated anti-IL-6, PerCP/Cy5.5-
conjugated anti-IL-17, and PerCP/Cy5.5-
conjugated anti-CXCL12 (BioLegend, USA).
The spleen was isolated and homogenized with
phosphate buffer saline (PBS). Homogenate
was centrifuged (2500 rpm, 10 °C, 5 min), and
the cell suspension was stained with 50 pL
extracellular antibodies (anti-CD4 and anti-
CD68). Intracellular staining was performed by
applying 50 pL Cytofix™ (BD-Biosciences
Pharmingen) and wash perm solution
(BioLegend, USA) for permeabilization. After
centrifugation (2500 rpm, 10 °C, 10 min), the
cells were stained with intracellular antibodies
of the target (anti-IL-6, anti-IL-17, and anti-
CXCL12). The sample was added with 400 pL
of PBS, and was subjected to flow cytometry
analysis (BD FACSCalibur, USA) according to
Rifa’i et al. (21). No stimulators of cytokines
were used during the flow cytometry method.

Immunohistochemistry scoring

Analysis of immunohistochemistry was
semi-quantitatively using the immunoreactivity
scoring system according to Vijayashree et al.
(22). The intensity was scored as 0 (no stain),
1 (weak stain), 2 (moderate stain), and 3 (strong
stain). Percentage of cells was scored as
0 (none), 1 (< 10%), 2 (10-50%), 3 (51-80%),
and 4 (> 80%). The total immunoreactivity
score was calculated by multiplying intensity
score with percentage cell score ranging from O
to 12.
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Statistical analysis

Survival curves were estimated by the
Kaplan-Meier method and evaluated with the
log-rank test. Statistics for flow cytometry and
immunohistochemical staining were analyzed
for ANOVA test and post-hoc Tukey HSD test
using SPSS 25.0 software (SPSS Inc., Chicago,
Illinois). In this study, a value of P < 0.05 was
considered significant between two different
groups. All data were shown in mean + standard
deviation (SD).

RESULTS

Mortality and survival analysis

The exposure of DMBA was highly toxic
and caused a 67% mortality rate in the DMBA
group until the end of the study. However, the
mice receiving 500, 1000, and 2000 mg/kg of
PNE treatment had a lower mortality rate with
33%, 26%, and 20%, respectively. In contrast,
all mice in the vehicle group survived until the
end of the experiment. Based on the Kaplan-
Meier survival analysis, PNE treatment had a
higher survival rate compared to the DMBA
group (P = 0.043, Fig. 1). As the survival
function goes higher, we also observed a
significant reduction in the hazard rate
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post-treatment. These data suggest that PNE
had a better chance of survival after being
induced for breast cancer using DMBA.

Immunohistochemical staining of angiogenic
proteins

The breast tissue was primarily composed of
lipid cells, glandular epithelial cells, and

connective tissue (Fig. 2). We noticed
the infiltration of immune cells between
the epithelial cells and lipid cells.
Vascularization of blood vessels and
hyperplasia ductal epithelial cells were
also  observed. The  expression  of

angiogenic factors on breast tissue was
observed using immunohistochemistry
and was analyzed for immunoreactive
score (Fig. 3A). Compared to the vehicle
group, the DMBA group had
significantly  higher levels of HIF-la
and VEGFA, which scored 10.2 (P < 0.001)
and 106 (P < 0.001), respectively. The
treatment of PNE had a lower score of HIF-1a
and VEGFA, suggesting a potential
suppression by the treatment. Furthermore,
PNE at 2000 mg/kg showed the highest
suppressive effect by reducing the score to 6
(P <0.001) and 7.8 (P < 0.01), respectively.
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Fig. 1. Kaplan-Meier analysis was measured for 5 weeks after receiving PNE treatment. Mice were exposed to DMBA
for 12 weeks prior to the treatment. (A) The survival analysis showed that the mice treated with PNE had a better chance
of survival. (B) Similarly, the hazard function also reveals that treated mice had a lower hazard rate compared to the
DMBA group. DMBA, 7,12-dimethylbenz[a]anthracene; PNE, Phyllanthus niruri extract.
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VEGFA
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VEGFA were observed using immunohistochemistry staining. DMBA, 7,12-Dimethylbenz[a]anthracene; H&E,
hematoxylin and eosin; HIF, hypoxia-inducible factor; PNE, Phyllanthus niruri extract; VEGFA, vascular endothelial
growth factor A.
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Fig. 3. Immunoreactive score of (A) angiogenic factors and (B) endothelial cell markers. Scores range from 0-12.
###P < 0.001 indicates significant difference compared to the vehicle group; *P < 0.05, **P < 0.01, ***P < 0.001 versus
DMBA group. CD, Cluster of differentiation; DMBA, 7,12-dimethylbenz[a]anthracene; HIF, hypoxia inducible factor;
PNE, Phyllanthus niruri extract; VEGFA, vascular endothelial growth factor A.
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Fluorescent immunohistochemical staining of
endothelial cell markers

In this study, we used CD31, CD146, and
CD34 to stain endothelial cell markers in breast
tissue (Fig. 4). Based on the immunoreactive
score, the expression of CD31, CD146, and
CD34 in DMBA group was significantly
(P < 0.001) higher than the wvehicle group,
which scored 8.8, 9.6, and 9.4, respectively
(Fig. 3B). The groups that received PNE
treatment had scored lower than the DMBA
group. PNE at 2000 mg/kg had the highest
suppressive effect, which reduced the score of
CD31, CD146, and CD34 t0 6.4 (P <0.05), 7.4
(P <0.05), and 5.2 (P < 0.001), respectively.

Vehicle

DMBA

PNE 500 mg/kg

PNE 1000 mg/kg

PNE 2000 mg/kg

Flow cytometric analysis of cytokines and
chemokine

Since angiogenesis is correlated with
inflammatory  cytokines, we  further
analyzed IL-6 expressed from CDG68 cells,
IL-17 expressed from CD4 cells, and
CXCL12 expressed in all cell populations
(Fig. 5). Compared to the vehicle group,

the DMBA group had significantly
(P < 0.001) higher levels of IL-6, IL-17,
and CXCL12 with 9.168%, 2.027%,
and  2.076%, respectively.  However,

the treatment of PNE significantly decreased
the levels of IL-6, IL-17, and CXCL12
at all doses.

CD146

CD31

~
a
- ‘

Fig. 4. Fluorescent immunohistochemical staining of endothelial cell markers. The expression of CD31, CD146,
and CD34 were marked by blue, green, and red, respectively. CD, Cluster of differentiation; DMBA, 7,12-
dimethylbenz[a]anthracene; PNE, Phyllanthus niruri extract.
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Fig. 5. Flow cytometry analysis of (A) IL-6, (B) IL-17, and (C) CXCL12. All data represent mean + SD. P < 0.001
indicates significant difference compared to the vehicle group; *P < 0.05, **P < 0.01, ***P < 0.001 in contrast to DMBA
group. CD, Cluster of differentiation; DMBA, 7,12-dimethylbenz[a]anthracene; IL, interleukin; PNE, Phyllanthus niruri

extract.

DISCUSSION

A previous study reported that the median
acute toxicity (LDso) of PNE administered to
Swiss albino mice was 2600 mg/kg, which
suggests that PNE may cause mortality in
healthy mice (23). However, in our study, we
did not observe any mortality in healthy mice
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receiving up to 2000 mg/kg dose of PNE after
14 days of administration. Instead of showing
any signs of toxicity, the oral treatment of PNE
had given a significant impact on the animal’s
survival. Fewer skin lesions were observed, and
the mice gained more body weight as they had
a better appetite. While there was a 67%
mortality rate in the DMBA group, the PNE-
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treated groups had a significantly lower
mortality rate that can be observed in a dose-
dependent manner. On the contrary, the vehicle
group that was not exposed to DMBA or given
any PNE treatment survived until the end of the
study.

VEGF is a key factor in the formation of new
blood vessels. While the expression of VEGF
may be derived from various factors, hypoxia is
considered to be one of the substantial inducers
for VEGF. In this study, we found that PNE
treatment significantly reduced the expression
of HIF-1oo and VEGF in a dose-dependent
manner. Based on the immunohistochemical
analysis, these angiogenic factors were highly
expressed in the tumor microenvironment and
showed a poor prognosis towards the animal’s
survival. The downregulation of VEGF may be
caused by the reduction of HIF-1a, indicating
less severity of hypoxia within the tissue. It was
also worth noting that the expression of VEGF
scored higher than HIF-10, demonstrating that
VEGF had higher expression than HIF-1a. A
previous study reported that PNE inhibits
VEGF in the MCF-7 breast cancer cell line by
downregulating HIF-1a in the hypoxia pathway
(20). Another study using the PC3 and MeWo
cell lines also achieved similar results, which
further supports the hypothesis that PNE may
inhibit the hypoxia pathways in cancer (18,19).
Apart from downregulating HIF-1o. and PNE
also inhibits tumorigenesis by altering the
mitogen-activated protein kinase (MAPKS),
phosphoinositide 3-kinases/protein kinase B
(PIBK/Akt), and nuclear factor kappa (NFxB)
pathways, which leads to the suppression of
tumor proliferation. Not only does it suppress
metastasis, but it also induces selective killing
among cancer cell lines, allowing specific-
targeted apoptosis without killing normal cells.
Based on the phytochemical constituents,
several compounds from P. niruri were
proposed to be responsible for the anticancer
properties. They include gallic acid,
galloylglucopyranoside, corilagin, geraniin,
rutin, quercetin glucoside, caffeolquinic acid,
and digalloylglucopyranoside (14,15,16).

In the present study, the progression of
angiogenesis ~ was  marked by  the
immunoreactive score of CD31, CD146, and
CD34. In general, these markers were
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commonly used to detect vascular blood vessels
in mice. Here we showed that all doses of PNE
treatment significantly reduced the score of
CD34, a popular pan marker for stem cells. The
CD146 marker was significantly reduced at
1000 and 2000 mg/kg, whereas the 500 mg/kg
dose did not significantly reduce the score. On
the contrary, the score of CD31 marker was
relatively difficult to diminish, since it was only
significantly decreased at 2000 mg/kg dose.
Therefore, we imply that the reduction of
endothelial cell markers correlates with the
decrement of angiogenic factors as previously
described. This illustrates the inhibition of
angiogenic factors may suppress the formation
of blood vessels in breast tissues. CD31 is
highly expressed by vascular endothelial cells
and was involved in angiogenesis, immune
escape, and tumor growth (24). Similarly,
CD146 was regarded as one of the pan markers
of endothelial cells in mice and was mainly
expressed at the junction between endothelial
cells and directly interacts with VEGFR-2
(25,26). CD34 was commonly used as a marker
for hematopoietic stem cells and hematopoietic
progenitor cells. However, CD34 can also serve
as a marker for other nonhematopoietic cell
types, such as vascular endothelial progenitors
and embryonic fibroblasts (27).

Although PNE significantly suppressed
angiogenic factors, the underlying mechanisms
remain unclear. Here we tried to examine the
effects of PNE treatment against inflammatory
cytokine and chemokine that were responsible
for promoting angiogenesis. Based on the
aforementioned results, we observed a
significant reduction of IL-6, IL-17, and
CXCL12 in mice receiving PNE treatment
compared to the DMBA group. The cytokines
were reduced at all doses, but the highest
suppressive effect was observed in the
1000 mg/kg dose. The DMBA-induced breast
cancer model may upregulate the expression of
IL-6, TNF-a, IFN-y, and IL-1p produced by
macrophages. Furthermore, it may also trigger
the activation of CD4 and CD8 T cells by losing
the L-selectin (CD162L) marker (8). There
weren’t many studies of PNE evaluating the
inflammatory cytokines in breast cancer
models, but there have been studies suggesting
the potent anti-inflammatory properties of PNE



(13). The compound corilagin  was
demonstrated to inhibit the secretion of TNF-a,
IL-1B, IL-6, NO (iNOS), and COX-2 at the
protein and gene level (28).

CONCLUSION

The administration of DMBA displayed
several hallmarks of cancer, including
inflammation, hypoxia, and an increase in
tissue vascularization. The groups treated with
P. niruri extract showed a significant reduction
in the expression of angiogenic factors,
endothelial cell markers, as well as
inflammatory cytokines. In general, these
groups also acquire a better chance of survival
compared to the untreated group. Our findings
suggest that the herb may inhibit the
progression of angiogenesis in the breast cancer
model. Since there were plentiful reports about
the antitumor activity of P. niruri, it is
suggested that more research should be put to
understand the mechanism and its therapeutic
effects.
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