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Introduction

Breast cancer is one of the three most common cancers 
worldwide (1). Compared to lung cancer, which is the 
leading cause of cancer death among females in more 
developed countries, breast cancer remains the leading 
cause of cancer death among females in less developed 
countries (2). According to the expression level of estrogen 
receptor (ER), progesterone receptor (PR) and human 
epidermal growth factor 2 (Her-2), breast cancer can be 
divided into four types: Luminal A, Luminal B, Her-2, and 
triple negative breast cancer (TNBC). Early breast cancer 
can be removed by primary conventional surgery. However, 

this is not optimal for all patients. Depending on the 
clinical tumor subtype, additional therapeutic backbones 
include endocrine therapy, targeting anti-HER2 therapy, 
radiotherapy, chemotherapy and immunotherapy (1).  
Neoadjuvant therapy has also been commonly used for 
some patients. Although the treatment of breast cancer 
has been improved, the adverse reactions of radiotherapy, 
chemotherapy and drug resistance always follows. 
Consequently, many patients suffer from recurrence and 
metastasis after treatment. Hence, novel therapeutics to 
treat breast cancer is thereby highly needed.

In recent years, work in the field of anti-tumor has been 
sparked by the increased interest in traditional Chinese 
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medicine (TCM). TCM can ameliorate the toxicity of 
chemotherapy, regulate immune function, inhibit tumor 
growth and prevent recurrence. It not only improves the 
quality of life of patients, but also enables patients to achieve 
long-term survival. Crocin is a diester formed from the 
disaccharide gentiobiose and the dicarboxylic acid crocetin. 
Crocin is a water-soluble carotenoid (polyene dicarboxylic 
acid monosaccharide ester). This compound is the major 
constituent and the main dark red pigment of saffron. 
Saffron is a rare and valuable Chinese herbal medicine, 
which is a product naturally derived from the dried stigma of 
the Crocus sativus flower. In TCM, saffron can be used for 
multiple purposes, including sweating, digestion assistance, 
sedative, expectorant, impotence, abortion, and treatments 
for vomiting, cardiovascular disease and cancer (3).  
Previously, it has been reported that saffron has effects 
in preventing multiple diseases, such as atherosclerosis, 
tumor, arrhythmia and osteoporosis (4). In light of this, the 
anti-tumor effect of crocin has also been confirmed by a 
number of studies in recent years. Furthermore, crocin can 
inhibit the proliferation and induce the apoptosis of various 
tumor cells, such as lung cancer (5), liver cancer (6), gastric 
adenocarcinoma (7), bladder cancer (8), and leukemia 
(9,10). In addition, it has been shown that paclitaxel or 
radiotherapy combined with crocin has a synergistic effect 
in inducing the apoptosis of human MCF7 breast cancer 
cells, which results in cell cycle arrest by lowering cyclicD1 
(11,12).

The present study explored the effects of crocin on the 
proliferation and apoptosis of TNBC cells, such as the 
MDA-MB-231 cell line. In addition, the effects of crocin 
on the proliferation, migration ability and tubule formation 
ability of human umbilical vein endothelial cells (HUVECs) 
were explored.

Methods

Cell culture and reagents

Human breast cancer cell MDA-MB-231 and HUVECs 
(American Type Culture Collection, Manassas, VA, USA) 
were cultured in RPMI 1640 and DMEM (Hyclone, 
Cramlington, UK), supplemented with 10% bovine 
calf serum, 100 μg/mL of penicillin and 100 μg/mL of 
streptomycin (Gibco, Carlsbad, CA, USA), in an incubator 
with 5% CO2 at 37 ℃. Crocin was purchased from Sigma-
Aldrich (St. Louis, MO, USA) and stored at 4 ℃ at a stock 
concentration of 50 mM in phosphate buffered saline (PBS) 

with 0.125 mg/mL ethylenediaminetetraacetic acid. The 
apoptosis and cell cycle analysis kits were purchased from 
Nanjing KeyGen Biotech (Nanjing, China). The transwell 
chamber was purchased from Corning Costar (USA). The 
anti-rabbit/mouse universal immunohistochemistry kit 
G1003-2 was purchased from Dako (Denmark). The rabbit 
IHC secondary antibody kit was purchased from Maixin 
Biotechnology Development Co., Ltd. (Fuzhou, China). 
Both were stored at 4 ℃. Clean BALB/C female nude mice 
(n=10, 4–6 weeks old, approximately 20 g) were purchased 
from Nanjing Military Region Nanjing General Hospital 
Comparative Medicine Department, Production license 
number: SCXK (Army) 2012-0014, Use license number: 
SYXK (Army) 2012-0047.

MTT assay

MDA-MB-231 cells and HUVECs were seeded in 
96-well  plates at  a density of 4×104 cel ls/mL and  
2.5×104 cells/mL in 200 μL of medium. After 24 hours, these 
cells were synchronized by starvation in serum-free medium 
before being replaced by fresh medium with different 
concentrations of crocin (0, 1, 2, 4, 8 and 16 mg/mL).  
Each concentration of crocin was added into three wells. 
Then, 20 μL of MTT (5 mg/mL) was added into each well 
after 24, 48 and 72 hours of treatment. After four hours, 
150 μL of crystalline in dimethyl sulfoxide was added to 
each well. Absorbance (optical density, OD) at 570 nm 
was measured using a microplate reader. Cell proliferation 
inhibitory rate (%) = (1 − OD value in the treated group/
OD value in the control group) ×100%. The 50% 
inhibitory concentration (IC50) after 48 hours of crocin 
treatment, which was selected for subsequent experiments, 
was calculated based on the MTT assay. Each experiment 
was performed in triplicate.

Apoptosis and cell cycle by flow cytometry

MDA-MB-231 cells were seeded in 6-well plates at a 
density of 1.5×105 cells/mL for 24 hours. Then, the medium 
with crocin was added to the wells that contained these 
cells for 48 hours. For the detection of apoptosis, cells 
were collected by trypsinization, washed twice with PBS, 
suspended in 500 μL of binding buffer, and consecutively 
added with 5 μL of Annexin V-FITC and 5 μL of propidium 
iodide. Following incubation for 10 minutes in the dark at 
room temperature, cells were subjected to flow cytometry 
analysis. For the cell cycle analysis, cells were washed with 
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PBS and fixed in cold 70% ethanol. After washing with 
PBS, 100 μL of ribonuclease A was added to the wells that 
contained these cells, incubated at 37 ℃ for 30 minutes, 
and subjected to flow cytometry analysis after the addition 
of 400 μL of 1× Annexin V Binding Buffer. The red 
fluorescence was recorded at an excitation wavelength of 
488 nm. Each experiment was performed in triplicate.

Detection of migration ability of HUVECs by Transwell 
assay

Next ,  2×10 4 HUVECs were seeded in  the above 
Transwell chamber with 200 μL of medium and different 
concentrations of crocin (0, 1, 2 and 4 mg/mL), and 
plated in the bottom chamber of the Transwell with  
600 μL of fresh medium containing 10% bovine calf 
serum. Each concentration of crocin was added into three 
wells. Then, these cells were cultured at 37 ℃ with 5% 
CO2 for 24 hours. Cells under the membrane were fixed 
in 4% paraformaldehyde and stained with crystal violet 
after removing cells above the membrane. Each filter was 
randomly selected for three fields of view, and the number 
of cells that passed through the membrane were counted 
and photographed under a microscope. Migration rate (%) =  
(the number of migrated cells in the treated group/the 
number of migrated cells in the control group) ×100%. 
Each experiment was performed in triplicate.

Endothelial cell tubule formation assay

Fifty μL of Matrigel (BD Biosciences) per well of the 96-
well plate was allowed to solidify for 30 minutes at 37 ℃. 
Then, 2×104 of HUVECs were added to the medium in 
each well with different concentrations of crocin (0, 2, 4 
and 6 mg/mL), followed by incubation at 37 ℃ for four 
hours. Each concentration of crocin was added into three 
wells. Each well was randomly selected for three fields of 
view, and the number of tube formation was observed using 
a microscope (×20). Each experiment was performed in 
duplicate.

Establishment of the subcutaneous tumor model

A total of 107 MDA-MB-231 cells per mouse were 
subcutaneously inoculated in the right thigh of 10 4-week-
old female mice. These mice were randomly divided into 
two groups when all mice tumor volumes reached 300 mm3 

after 15 days. Then, 5 mg/mL of crocin and an equivalent 

volume of normal saline were injected into the treatment 
and control group by intraperitoneal injection every two 
days, for a total of seven doses, respectively. The mass of 
the long diameter and short diameter was measured using 
a Vernier caliper before each administration. The primary 
subcutaneous tumors were harvested and processed to 
tumor sections for immunohistochemical (IHC) staining, in 
order to detect the expression of Ki-67 and CD34. Tumor 
volume (mm3) = long diameter (mm) × short diameter (mm) 
× short diameter (mm)/2.

Immunohistochemical analysis

EnVisionTM immunohistochemical staining was used. 
Then, mice were sacrificed, and the subcutaneously 
transplanted tumor was embedded in paraffin. Afterwards, 
the paraffin sections were sliced at 65 ℃ for one hour, 
and dewaxed and hydrated according to the conventional 
method. Then, these were repaired with citrate antigen, 
soaked in hydrogen peroxide at room temperature for 30 
minutes, and added with fetal bovine serum for blocking 
at 37 ℃ for 30 minutes. Afterwards, these were rinsed with 
PBS, and added with the anti-rabbit anti-human CD34 
antibody and rabbit anti-human Ki-67 antibody overnight 
at 4 ℃. Subsequently, these were rinsed again with PBS, 
incubated with rabbit universal secondary antibody, and 
incubated at 37 ℃ for 30 minutes. Then, these were added 
with diaminobenzidine (DAB), washed, and underwent 
hematoxylin counterstaining, gradient alcohol dehydration, 
and neutral gum seal. The results were judged, as follows: 
brownish yellow was positive in the cytoplasm or nucleus, 
and each brown-yellow signal could be used as a single, 
countable positive expression. The three most densely 
stained areas were determined prior to low magnification 
(100 times). Then, the number of positive expression signals 
were counted in the high-power field (200 times), taking the 
mean of the three fields.

The final result of the sample expression are as follows. 
The indistinguishable or unclear stained brown-yellow 
particles were not counted. In the double-blind method, 
each slice was counted by two pathologists. Recounting was 
performed when the count results differed by more than 
10%.

The quantitation of the CD34 staining was presented 
in MVD, which was measured using a previously described 
method (13,14). Individual microvessels were counted 
at high power (×200 field) in an adequate area. CD34 
positively stained endothelial cells or clusters that separated 
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from adjacent vessels were counted as a single microvessel, 
even in the absence of the vessel lumen. Five randomly 
selected “hot spot” fields were counted from each tumor (at 
least three tumors per mouse group). Data were presented 
as mean ± standard deviation (SD) in the figure.

Statistical analysis

Data were analyzed using the SPSS v20.0 software package 
(SPSS Inc., Chicago, IL, USA) and expressed as mean ± SD. 
Single-factor analysis of variance was performed and the 
multiple comparisons were analyzed using the LDS method. 
A P value of <0.05 was considered statistically significant.

Results

Crocin inhibits the proliferation of MDA-MB-231 cells 
and HUVECs

The present results revealed that crocin not only changed 
the morphology, but also decreased the cell number of both 
MDA-MB-231 cells and HUVECs. In order to further 
confirm these observations, the cell proliferation was 
determined by MTT assay. Crocin significantly inhibited 
the proliferation of MDA-MB-231 cells and HUVECs 
in a dose-dependent manner (Figure 1A,B). When the 
concentration reached 16 mg/mL, almost all cells died. The 
inhibitory effect of crocin at 48 hours was much stronger 

Figure 1 Effect of crocin on the morphology and proliferation of cultured MDA-MB-231 and HUVECs. The morphology of MDA-
MB-231 (A) and HUVECs (B) significantly changed as the concentration increased. Crocin inhibited the proliferation of MDA-MB-231 (C) 
and HUVECs (D) in a dose-dependent manner. HUVECs, human umbilical vein endothelial cells.
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than that at 24 and 72 hours, and the IC50 value at 48 hours 
was approximately 5 mg/mL (Table 1, Figure 1C). Similar 
inhibitory effects of crocin were also observed in HUVEC 
cells at 48 and 72 hours, but not at 24 hours. The IC50 
value at 48 hours was approximately 5.97 mg/mL (Table 2,  
Figure 1D). The drug concentration of the subsequent 
experiment was according to the IC50 value.

Crocin induces apoptosis and cell cycle arrest at the G2/M 
phase in MDA-MB-231 cells

In order to determine whether crocin reduced cell viability via 
the increase in apoptosis, the cell apoptosis in MDA-MB-231 
cells treated with crocin were determined using Annexin 
V-FITC staining, followed by flow cytometry analysis (Figure 2).  
Interestingly, crocin significantly induced the apoptosis in 
MDA-MB-231 cells in a dose-dependent manner (Figure 2A, 
Table 3). In addition, the treatment of MDA-MB-231 cells 

with crocin also resulted in cell cycle arrest at the G2/M phase 
in a dose-dependent manner (Figure 2B, Table 3). These results 
show that one of the mechanisms by which crocin inhibits 
MDA-MB-231 breast cancer cell proliferation is via the 
induction of cell apoptosis and cycle arrest. 

Crocin decreases the migration ability of HUVECs

Through the Transwell assay, it was found that crocin 
could decrease the migration ability of human UVECs. 
The number of migrating cells gradually decreased as the 
crocin concentration increased. Furthermore, the number 
of migrating cells was significantly lower, when compared 
to the control group, and the difference was statistically 
significant (P<0.05; Figure 3A, Table 4).

Crocin inhibits endothelial cell tubule formation

The present study revealed that crocin reduced the tubule 
formation ability of human UVECs. In order to further 
confirm these observations, tubule formation assay was 
performed. Lumen formation was quantified by counting 
the number of complete lumen formations of vascular 
endothelial cells. When the concentration of crocin was 
2.0, 4.0 and 6.0 mg/mL, lumen formation was inhibited by 
14.7%, 77.4% and 87.3%, respectively, and the difference 
was statistically significant. This result revealed that crocin 
can inhibit the tubule formation of HUVECs in a dose 
dependent manner (Table 5, Figure 3B).

Crocin inhibits the proliferation of MDA-MB-231 cell 
transplanted tumors in mice

In order to determine whether crocin can inhibit the 

Table 1 Effect of crocin on proliferation of MDA-MB-231 cells

Drug concentration  
(mg/mL)

24 h 48 h 72 h

A Inhibition rate (%) A Inhibition rate (%) A Inhibition rate (%)

0 0.322±0.020 – 0.542±0.04 – 1.078±0.022 –

1 0.304±0.018 5.67 0.506±0.035 7.27 1.02±0.027 5.30*

2 0.288±0.005 10.50* 0.439±0.024 18.93** 0.892±0.041 17.27**

4 0.216±0.032 33.43** 0.285±0.012 47.37** 0.711±0.024 34.03**

8 0.029±0.003 90.90** 0.014±0.002 97.33** 0.030±0.000 97.23**

16 0.021±0.003 93.38** 0.004±0.002 99.34** 0.021±0.006 98.03**

Compared with the control group, *P<0.05, **P<0.01.

Table 2 Effect of crocin on proliferation of HUVEC cells (48 h)

Groups (mg/mL) A570 Inhibition rate (%)

Control group

0 0.821±0.089 –

Crocin group

1.0 0.698±0.011 15.0

2.0 0.673±0.005** 18.0

4.0 0.504±0.042** 38.6

8.0 0.278±0.015** 66.1

16.0 0.038±0.008** 95.4

Compared with the control group, **P<0.01.
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proliferation of MDA-MB-231 tumors, mouse breast tumor 
models were established, which were treated with 5 mg/mL  
of crocin and an equivalent volume of normal saline. At  
14 days after crocin treatment, the total tumor volume in 
the treatment group was restrained (compared to that at day 
zero in control group, F=3.898, P=0.011; compared to that 
at day zero in the treatment group, F=0.196, P=0.982). The 
results revealed that the tumor volume increased faster in 
the control group than in the treatment group, suggesting 
that crocin can inhibit the proliferation of MDA-MB-231 
tumors (Figure 4).

Immunohistochemical analysis

As indicated by the brown granular staining in Figure 5A, 
CD34 was distributed around the blood vessels, and Ki-
67 was distributed in tumor tissues. CD34 expression in 
the control group and dosing group was 26±2.646 and 
14.67±4.163 (P<0.05), respectively, while the expression 
of Ki-67 in the control group and treatment group was 
502.67±88.484 and 262.67±75.082 (P<0.05), respectively 
(Figure 5). These results show that tumor growth was slower 
in the 5 mg/mL crocin group, when compared to the blank 

Table 3 Effect of crocin on the apoptosis and cell cycle of MDA-MB-231 cells (48 h)

Groups (mg/mL)
Cell cycle (%)

Apoptosis rate (%)
G0/G1 G2/M S

0 50.96±6.01 10.79±3.7 38.25±2.4 7.7±2.3

2 48.54±2.25 14.48±2.35* 36.98±4.26 16.63±6.58**

4 44.3±1.1 18.18±1.42* 37.52±2.17 26.95±1.37**

Compared with the control group, *P<0.05, **P<0.01.

Figure 2 Effects of Crocin on the apoptosis and cell cycle of MDA-MB-231 cells. (A) The apoptosis of MDA-MB-231 increased with the 
increase in concentration; (B) at the same time, more and more cells were arrested at G2/M.
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control group. Furthermore, the expression of CD34 and 

Ki-67 in tumor tissues significantly decreased. It is possible 

that the anti-tumor effect of crocin was correlated with the 

decreasing expression of CD34 and Ki-67.

Discussion

Breast cancer is a hormone- and vascular-dependent 
tumor. The microvascular structure of breast cancer 
tissues differs from normal tissues. Due to uneven 
blood perfusion, increased wall permeability, and lack of 
lymphatic absorption exudate in breast cancer tissues, the 
interstitial pressure in tumor tissues is higher than that in 
its surrounding normal tissues. Mesenchymal infiltration 
contains a large number of vascular growth factors and 
tumor cells, resulting in tumor spreading (15,16). Tumor 
angiogenesis not only provides nutrition and oxygen for 
tumor growth, but also induces tumor progression. Vascular 
endothelial cells are the baseline of the stroma of tumor 
stromal tissues that plays an important role in angiogenesis. 
Endothelial cell proliferation is the precondition of 

Table 5 Effect of crocin on the tubule formation of endothelial 
cells

Groups (mg/mL) Number of tubes Inhibition rate (%)

0 34±3.606 –

2.0 29.0±1.732* 14.7

4.0 7.67±2.887** 77.4

6.0 4.33±1.155** 87.3

Compared with the control group, *P<0.05, **P<0.01.

Table 4 Crocin decreases the migration ability of human umbilical vein endothelial cells

Group (mg/mL)
Number of cell migration

Sample one Sample two Sample three Sample four Sample five Average

0 170 238 199 165 172 189

1 125 164 160 153 148 150*

2 128 131 140 128 123 130*

4 102 75 51 55 67 70*

Compared with the control group, *P<0.05.

Figure 3 The way the crocin inhibits angiogenesis is as follows. (A) Effect of crocin on the migration ability of HUVECs. As shown in the 
figure, with the increase in drug concentration, the migration ability of umbilical vein blood cells weakened, and the number of cells was 
gradually reduced (note: compared with the control group, *P<0.05). (B) Effect of crocin on the tubule formation of endothelial cells. From 
a to d, the drug concentration gradually increased, and the tubular cells that formed gradually decreased. HUVECs, human umbilical vein 
endothelial cells (bar scale: 50 μm).
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angiogenesis, which makes vascular endothelial cells the 
main targets of anti-angiogenic therapy (17,18). Vascular 
endothelial cells are a kind of stem cells with strong 
differentiation ability. These are easy to operate, and can 
be passaged in infinite numbers, theoretically (19). The 
proliferation and migration of endothelial cells in tumor 
interstitial tissues are enhanced due to the large number 
of vascular endothelial growth factors produced by tumor 
tissues (20). The ability of tumor angiogenesis, which 
promotes the recurrence and metastasis of tumors, also 
increases. Therefore, vascular endothelial cells are the most 
common cell model in the study of angiogenesis. Ki-67 is a 

nuclear proliferation marker, which can positively indicate 
the malignancy of tumors. It is the most reliable index to 
evaluate the proliferation of tumor cells. CD34 widely exists 
in various cells that are endothelium-dependent, which 
are recognized on traditional vascular endothelial markers. 
CD34 is highly expressed in tumor angiogenesis, but is 
lowly expressed in normal tissues.

Crocin is a relatively rare water-soluble carotenoid 
extracted from the Chinese herb medicine saffron. Recently, 
a number of studies have shown that crocin induces an 
anti-tumor effect through the induction of apoptosis and 
cell cycle arrest, the reversal of multidrug resistance, the 

Figure 4 Inhibition curves of tumor growth and the visual map of tumor specimens after treatment. (A) After administration, the tumor 
volume of mice was significantly slowed down in the treatment group; (B) the tumor volume of the second row (treatment group) was 
significantly smaller than that of the first row (control group).
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mediation of the expression of tumor regulatory factors, 
and so on (12,21,22). However, the underlying anticancer 
mechanism of crocin remains incompletely understood. In 
the present study, it was demonstrated that crocin could 
inhibit tumor angiogenesis.

The present results revealed that crocin has a direct and 
obvious inhibitory effect on the proliferation of both MDA-
MB-231 breast cancer cells and subcutaneous transplanted 
tumors. Crocin causes cell cycle arrest at the G2/M phase 
in MDA-MB-231 cells in a dose-dependent manner. As 
for vascular endothelial cells, crocin has the following 
characteristics: (I) cell toxicity. The MTT assay revealed 
that crocin has a mild inhibitory effect on the proliferation 
of HUVEC cells at 24 hours, but this was not induced in a 
dose-dependent manner. The inhibition of its proliferation 
significantly increased at 48 and 72 hours, within the 
concentration range of 2–16 mg/mL. (II) Interference in 
HUVEC function. The Transwell migration assay and tube 
formation assay revealed that crocin can significantly inhibit 
the migration and tubular formation ability of endothelial cells 
at a low dosage without cell death. Furthermore, this can also 
affect the function of vascular endothelial cells and prevent 
angiogenesis (within 24 hours of action, the concentration 
range was 2–6 mg/mL). (III) Decrease in expression of CD34 
in tumor tissues. The subcutaneous approach in nude mice 
experiments revealed that tumor growth was slower in the 
5 mg/mL crocin group than in the blank control group. In 
addition, the expression of CD34 in the 5 mg/mL crocin 
group significantly decreased in tumor tissues. This suggests 
that crocin has an inhibitory effect on the angiogenesis of 
tumor tissues, and the difference was statistically significant.

Nevertheless, the underlying anti-angiogenesis mechanism 
of crocin remains undetermined. Tumor angiogenesis 
is correlated with many pathways, such as EGFR/
VEGF (23), HIF-1α/VEGF (24), STAT-3/VEGF (25),  
and NF-κB/IL-6 (26). In addition, the expression of CD34 
was positively correlated with VEGF. It is possible that 
crocin can regulate the expression of CD34 through the 
above pathway. From these results, it was demonstrated that 
crocin can inhibit tumor angiogenesis and growth through 
direct suppression effects on vascular endothelial cells and 
the reduction of pro-angiogenic factors in cancer cells. 
However, the molecular mechanism still requires further 
investigation.

Conclusions

In summary, it was discovered that crocin significantly 

suppressed the proliferation, migration ability and 
tubule formation of human UVECs, and suppressed the 
proliferation of breast cancer cell MDA-MB-231 and 
mouse breast tumor model(s). The present study confirms 
that crocin has an anti-angiogenesis effect. The molecular 
mechanism of the antiangiogenic effect of crocin may be 
correlated to the decreased expression of CD34. Future 
studies are needed to evaluate the molecular mechanisms of 
the antiangiogenic effect of crocin alone, or in combination 
with chemotherapy or molecularly targeted drugs in both in 
vitro and mouse breast tumor model(s).
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