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Abstract 16 

Background: Breast cancer is the leading cause of cancer-related death in women 17 

worldwide. Hirudin has been shown to inhibit the growth and metastasis of several 18 

types of cancers in experimental tumor models. However, whether hirudin exerts 19 

antitumor effects on breast adenocarcinoma cells has not yet been investigated. The 20 

objective of this study was to evaluate the antitumor effects and explore the 21 

underlying mechanisms of hirudin in breast adenocarcinoma MCF-7 cells. 22 

Methods: The viability of MCF-7 cells was assayed by Cell Counting Kit-8. The 23 

adhesion ability of the cells was evaluated by cell adhesion assay. Besides, cell 24 

migration was detected by wound healing assay. Cell invasion was examined using 25 

Transwell chamber assay. The underlying molecular mechanism was investigated by 26 

immunofluorescence. In addition, In vivo zebrafish xenograft model was used to 27 

verify the proliferation and metastasis of hirudin on MCF-7 cells. 28 

Results: The results showed that hirudin significantly inhibited the cell viability and 29 

suppressed cell adhesion, migration, invasion compared with the control group. 30 

Importantly, hirudin significantly decreased the expression of CHD1L, MDM2 31 

protein, and increased the expression of p53 protein. Moreover, the zebrafish 32 

xenograft study revealed that hirudin inhibited the proliferation and metastasis of 33 

MCF-7 cells in vivo.  34 



Conclusion: The present findings demonstrate that hirudin suppressed metastasis of 35 

MCF-7 cells and the mechanism may involve with the CHD1L/MDM2/p53 axis. 36 

Hirudin is a promising antineoplastic agent for the treatment of breast cancer with 37 

significant antimetastatic activities. 38 

Keywords: Breast cancer, Hirudin, Metastasis, Zebrafish, CHD1L 39 

 40 

Introduction 41 

Breast cancer was the most commonly diagnosed cancer (24.2% of the total cancer 42 

cases) and the leading cause of cancer-related death (15% of the total cancer deaths) 43 

among females worldwide in 2018
[1]

. Metastatic disease accounts for more than 90% 44 

of breast cancer-related deaths. It has been reported that the occurrence of breast 45 

cancer is closely related to the instability of the genome, such as gene amplification, 46 

deletion, mutation
[2]

. Therefore, it is of great significance to further study and reveal 47 

the key targets and regulatory mechanisms of tumor metastasis for seeking more 48 

effective treatment. 49 

Chromodomain helicase/ATP DNA binding protein 1-like gene (CHD1L) is a 50 

member of the SNF-2 protein family, which exhibits an oncogenic role during 51 

malignant transformation
[3]

. CHD1L is overexpressed in many highly aggressive 52 

tumors, such as breast cancer, colorectal cancer and intrahepatic cholangiocarcinoma 53 

[4-6]
. Therefore, CHD1L is a novel biomarker for predicting tumor progression, 54 

prognosis, and survival. Murine double minute 2 (MDM2), an important downstream 55 

target of CHD1L, is an oncogene closely related to malignant tumors. It is a 56 

ubiquitin-protein ligase that is involved in the identification of target proteins by 57 

ubiquitin, leading to the degradation of target proteins through the proteasome. The 58 

protein encoded by MDM2 can bind to p53 protein and negatively regulate p53 59 

protein. It leads to the inactivation of tumor suppressor gene p53, and ultimately 60 

enhances the ability of cell transformation, proliferation and malignant transformation. 61 

The first MDM2 inhibitor to enter human clinical trials, RG7112, can achieve good 62 

pharmacokinetic properties by oral administration
[7]

. Meanwhile, the activation of p53, 63 

the increase of p21 protein and the induction of apoptosis were detected in tumor cells, 64 

which effectively inhibited the growth of cancer cell lines
[8]

. In conclusion, CHD1L 65 

promotes the progression of tumor cells through the MDM2/p53 signaling pathway. 66 

Hirudin is the main active component of animal medicine hirudo, and has 67 

demonstrated antitumor effects in different types of tumors including lung, laryngeal 68 



cancer
[9-10]

. Thus, targeting hirudin is a promising strategy for the development of 69 

anticancer therapeutic modalities. However, whether hirudin exerts antitumor effects 70 

on breast adenocarcinoma cells has not yet been investigated. In the present study, we 71 

evaluated the antitumor effects of hirudin and explored the underlying mechanisms in 72 

breast adenocarcinoma cells. We treated MCF-7 cells with various dosages of hirudin 73 

and analyzed cell viability, adhesion, migration and invasion. We additionally 74 

assessed the proliferation and metastasis of hirudin on MCF-7 cells in vivo zebrafish 75 

xenograft model. 76 

Materials and Methods 77 

Cell culture and reagents 78 

The human breast adenocarcinoma MCF-7 cells were provided by China 79 

Infrastructure of Cell Line Resource. Cells were cultured in RPMI-1640 medium 80 

(Gibco, USA) with 10% FBS (Gibco) plus 1% penicillin and streptomycin in a 5% 81 

CO2 atmosphere at 37˚C. Hirudin (purity≥95%) was purchased from Combination 82 

Botai Biotechnology (Dalian, China).  83 

Cell counting Kit-8 assay 84 

The viability of breast adenocarcinoma cells was assayed by Cell Counting Kit-8 85 

(CCK-8; Dojindo, Beijing, China) assay. First, 5×10
3
cells/well were added to a 86 

96-well plate, with 100μl of suspension in each well. Twenty-four hours after seeding, 87 

the medium was replaced with media containing different concentrations of hirudin 88 

created through serial dilution. After culturing the cells for 24 h, 48 h, and 72 h, 10 μl 89 

of CCK-8 solution was added to each well, and the cells were incubated for 30 min. 90 

Optical density (OD) was measured at 450 nm with a microplate reader, and the 91 

inhibition rate was calculated as follows: Relative cell viability inhibition rate (%) = 92 

Absorbance of experimental group/ Absorbance of control group) × 100%. 93 

Cell adhesion assay 94 

MCF7 cells were plated in 6-well culture dishes with or without hirudin and allowed 95 

to adhere for 1 h. Subsequently, corresponding medium with non-adhered cells was 96 

discarded and cells were gently washed twice with PBS in order to remove any 97 

loosely attached cells. Adhered cells were then counted using a 0.1% crystal violet 98 

staining solution at room temperature for 20 min subsequent to being fixed with 99 

methanol for 30 min at room temperature. Data are expressed as a percentage in 100 

adhered cells treated with hirudin relative to the control cells. 101 

Wound healing assay 102 



Cell migration was analyzed using a wound healing assay. MCF7 cells (1.5×10
5
) were 103 

seeded onto 12‑well plates until they reached confluence. A scratch wound in 104 

confluent monolayer was made using a 10 µl sterile pipette tip. Subsequent to 105 

washing away all detached cells with PBS, the remaining cells were treated with or 106 

without hirudin (0.5, 1, 2 mg/ml). Photographs were taken at 0 and 24 h after 107 

treatment. 108 

Transwell chamber assay 109 

Invasion assay was performed using 24-well Transwell chambers with 8-μm pore 110 

filters (Corning, USA). The inserts were coated with a 50 mg/l Matrigel (1: 4 dilution, 111 

BD, USA) and cultured at 37°C for 2 h. Cells (1×10
5
/ml) suspended in 200 µl of 112 

serum-free RPMI1640 medium were transferred to the upper chamber, while 600 µl 113 

of RPMI1640 medium supplemented with 20% FBS (fetal bovine serum) was added 114 

to the lower chamber as a chemoattractant. The medium was then discarded and 115 

invaded cells were fixed with 4% paraformaldehyde and stained with 0.1% crystal 116 

violet. The invading cells were counted in 5 different randomly selected 200× 117 

magnification fields under light microscopy. 118 

Immunofluorescence 119 

Cells at a density of 1×10
4 

cells/well were seeded into 96-well plates. After exposure 120 

to the indicated treatments, the cells were fixed with 4% paraformaldehyde for 15 min 121 

at room temperature. Then, the cells were blocked with 5% goat serum and 0.3% 122 

Triton X-100 in PBS for 1 h. After the blocking solution was aspirated, the cells were 123 

incubated with a primary antibody against CHD1L (1:500, Abcam, UK), MDM2 124 

(1:400, Abcam, UK) and p53 (1:100, Abcam, UK) overnight at 4°C. The next day, the 125 

cells were incubated with a fluorochrome-conjugated anti-rabbit secondary antibody 126 

(1:1000, CST, US) for 2 h at room temperature in the dark. Subsequently, the cells 127 

were stained with DAPI (Beyotime, Shanghai, China) for 30 min. Images were 128 

obtained under a fluorescence microscope. 129 

Zebrafish embryos 130 

Wild type AB strain of zebrafish (Danio rerio) was obtained from Nanjing Xinjia 131 

Biotechnology Co., Nanjing, China. Embryos were generated by natural pairwise 132 

mating. Zebrafishes were cultured under photoperiod of 14 h light /10 h dark at 28°C. 133 

After disinfection and washing, the fertilized eggs were transferred into zebrafish 134 

embryo culture water. 135 

In Vivo Antitumor Assay 136 



Fluorescence-labeled MCF-7 cells were injected into the abdominal perivitelline 137 

space of zebrafish embryos with a nanoliter injector. The tumor-bearing embryos were  138 

incubated at 0, 0.05, 0.5, 5 mg/mL hirudin 24 h after transplantation. The tumor 139 

growth and metastasis were observed and imaged using fluorescence inverted 140 

microscope (Nikon Inc., Tokyo, Japan). The mean fluorescence intensity was 141 

analyzed using Image J software. 142 

Statistical analysis 143 

All data were expressed as means±Standard Deviation (SD). Statistical analysis was 144 

performed by one‑way analysis of variance based on Student's two‑tailed unpaired 145 

t‑test or Dunnett's multiple comparisons test using GraphPad Prism 5.0 software 146 

(GraphPad Software, CA, USA). Image‑Pro Plus software 6.0 (Media Cybernetics, 147 

Inc., Silver Spring, MD, USA) was used for processing images. A value of P<0.05 148 

was considered to be a statistically significant difference for all tests. 149 

 150 

Results 151 

Hirudin inhibits the proliferation of MCF7 cells 152 

The effect of hirudin on cell growth in human MCF7 cells was detected by CCK-8 153 

assay. After treatment with hirudin varying from 0.25 to 2mg/mL after 24, 48, and 72h, 154 

the results revealed that cell viability was inhibited by hirudin compared with the 155 

control group (p<0.05) (Figure 1). 156 

Hirudin suppresses the adhesion, migration and invasion of MCF7 cells 157 

In the present study, a non‑specific cell adhesion assay was used to investigate the 158 

effect of hirudin on cell attachment. Compared with the control group, hirudin  159 

significantly inhibited the adhesion of MCF7 cells (p<0.01) (Figure 2). Wound 160 

healing assay was performed to determine the effects of hirudin on migration of 161 

MCF7 cells. Migration of MCF7 cells treated with hirudin was blocked compared 162 

with the control group (p<0.01) (Figure 3). In a consistent manner, hirudin suppressed 163 

invasion of MCF7 cells (p<0.01) (Figure 4). Taken together, these results 164 

demonstrated that hirudin by acting directly on MCF7 cells to inhibit the processes of 165 

adhesion, migration and invasion. 166 

Hirudin suppressed the protein levels of CHD1L and MDM2, upregulated the 167 

protein levels of p53 168 

The expression of protein levels was detected by immunofluorescence. As shown in 169 

Figure 5, hirudin significantly decreased the expression of CHD1L, MDM2 protein, 170 



and increased the expression of p53 protein (p<0.05 or p<0.01). 171 

Hirudin inhibited tumor growth and metastasis in the zebrafish xenograft model 172 

In vivo zebrafish xenograft model was used to verify the proliferation and metastasis 173 

of hirudin on MCF-7 cells. Fluorescence-labeled MCF-7 cells were localized by 174 

fluorescence imaging and expression intensities were processed with image analysis 175 

software. Compared with the control group, hirudin (0.5-5mg/mL) significantly 176 

inhibited the proliferation of MCF-7 cells, while 0.05mg/mL did not (Figures 6A and 177 

6B). Meanwhile, decreasing metastatic incidences in tumor-bearing zebrafishes were 178 

detected with rising concentration of hirudin (Figures 6C and 6D).  179 

 180 

Discussion 181 

Breast cancer usually has a poor clinical outcome and low survival rate due to high 182 

rates of metastasis at a late stage of the tumor development. Therefore, novel 183 

approaches are urgently required for the treatment of this disease and the prevention 184 

of its metastasis
[11]

. Animal drugs have widely attracted attention due to their 185 

preventative and treatment effects on cancer without serious side effects in recent 186 

years
[12]

. The results of the present study demonstrated that animal medicine hirudin 187 

served an important functional role in suppressing the invasion and metastasis of 188 

breast adenocarcinoma cells. 189 

Cancer metastasis is a complicated multistep process involving the dissociation 190 

of malignant cells at the primary sites, invasion through the extracellular matrix, 191 

intravasation of invading cells into the vasculature or lymphatic systems, survival and 192 

finally proliferation at a distant organ
[13]

. In the present study, it was revealed that the 193 

cell proliferation, adhesion, migration, and invasion in MCF-7 cells decreased when 194 

treated with hirudin. 195 

We explored the possible explanation for its suppression of human breast 196 

adenocarcinoma MCF-7 cells migration and invasion. Recent studies have shown that 197 

CHD1L is related to proliferation, migration, invasion, and metastasis of tumor 198 

cells
[14-15]

. Therefore CHD1L may become a new independent marker of tumor 199 

progression, prognosis, and survival time. The role of the CHD1L/MDM2/p53 200 

pathway loop in cancers has been widely studied. p53 coordinates a transcription 201 

program to stall the cell cycle, promote DNA repair, and initiate senescence or 202 

apoptosis. The primary modulators of p53 activity is the E3 ubiquitin-protein ligase 203 

MDM2 which constitutively polyubiquitinate p53 for proteasomal degradation, 204 



maintaining p53 at low levels
[16]

. Our result suggests that down-regulation of CHD1L, 205 

MDM2 and up-regulation of p53 might be responsible for the anti-metastasis 206 

mechanisms of hirudin in breast cancer. 207 

The zebrafish has become a powerful vertebrate system for modeling human 208 

cancers and is an excellent platform to study all stages of metastasis
[17]

. The 209 

transplantation of cancer cells into zebrafish embryos is most frequently used in 210 

zebrafish models. Briefly, human cancer cells labeled with a fluorescent marker are 211 

inoculated into larvae or embryos of zebrafish
[18]

. Hence, the purpose of the study was 212 

to confirm anti-proliferation and anti-metastasis effect of hirudin using a zebrafish 213 

xenograft model. 214 

In conclusion, the present study demonstrated that hirudin may inhibit the 215 

viability, migration and invasion of breast adenocarcinoma cells in vitro and in vivo. 216 

Furthermore, it was revealed that the inhibitory effect of hirudin was primarily 217 

associated with the suppression of CHD1L, MDM2 and an increase in p53. These 218 

results suggested that hirudin may possess great potential for the treatment of breast 219 

cancer metastasis partially through CHD1L/MDM2/p53 signaling. 220 
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 321 

Figure legends 322 

Figure 1. Hirudin induces growth inhibition of human breast carcinoma cell line 323 

MCF-7 following exposure at different concentrations at 24h, 48h, and 72h. Results 324 

are presented as the mean±SD. 325 

Figure 2. Hirudin inhibits the adhesive ability of MCF-7 cells. Data are expressed as a 326 

percentage in adhered cells treated with hirudin relative to the control cells. Results 327 

are presented as the mean±SD. **p<0.01 vs. control group. 328 

Figure 3. Hirudin inhibits the migration ability of MCF-7 cells. (A) Representative 329 

images of wound healing at 0 and 24 h. (B) The percentage of migrated cells were 330 

calculated based on the number of untreated cells, which were set as 100%. **p<0.01 331 

vs. control group. 332 

Figure 4. Hirudin inhibits the invasion ability of MCF-7 cells. Representative images 333 

(A) and data statistics of cells that invaded through the Matrigel coated Transwell 334 

chamber (B). **p<0.01 vs. control group. 335 

Figure 5. Hirudin suppressed the protein levels of CHD1L and MDM2, upregulated 336 

the protein levels of p53. Representative images (A, C, E) and data statistics of 337 

average optical density value (B, D, F). *p<0.05 vs. control group; **p<0.01 vs. 338 

control group. 339 



Figure 6. Evaluation of the in vivo antitumor effects of hirudin in zebrafish 340 

xenografted with the human breast carcinoma cell line MCF-7. (A) The in vivo 341 

growth is indicated by yellow stained tumor cells detected with the fluorescence 342 

microscope. (B) Area of MCF-7 proliferation. Results are presented as the mean±SD. 343 

**p<0.01 vs. control group; 
##

p<0.01 vs. 0.05mg/mL group. (C) The in vivo 344 

metastasis is indicated by yellow stained tumor cells detected with the fluorescence 345 

microscope. (D) Area of MCF-7 metastasis. Results are presented as the mean±SD. 346 

**p<0.01 vs. control group; 
#
p<0.05 vs. 0.05mg/mL group; 

##
p<0.01 vs. 0.05mg/mL 347 

group.  348 
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Figures

Figure 1

Hirudin induce s growth inhibition of human breast carcinoma cell line MCF 7 following exposure at
different concentrations at 24h, 48h, and 72h. Results are presented as the mean±SD.



Figure 2

Hirudin inhibits the adhesive ability of MCF 7 cells . Data are expressed as a percentage in adhered cells
treated with h irudin relative to the control cells. Results are presented as the mean±SD. p <0.01 vs.
control group.



Figure 3

Hirudin inhibits the migration ability of MCF 7 cells. ( Representative images of wound healing at 0 and
24 h . (B) T he percentage of migrated cells were calculated based on the number of untreated cells,
which were set as 100%. p <0.01 vs. control group.



Figure 4

Hirudin inhibits the invasion ability of MCF 7 cells. Representative images (A) and data statistics of cells
that invaded through the Matrigel coated Transwell chamber ( p <0.01 vs. control group.



Figure 5

Hirudin suppressed the protein levels of CHD1L and MDM2, upregulated the protein levels of p53 .
Representative images (A, C, E) and data statistics of average optical density value (B, D, F). p <0.0 5 vs.
control group; p <0.01 vs. control group.



Figure 6

Evaluation of the in vivo antitumor effects of hirudin in zebra�sh xenografted with the human breast
carcinoma cell line MCF 7 (A) T h e in vivo growth is indicated by yellow stained tumor cell s detected
with the �uorescence microscope. (B) Area of MCF 7 proliferation. Results are presented as the mean±SD.
p <0.01 vs. control group p <0.01 vs. 0.05mg/mL group (C) T h e in vivo metastasis is indicated by yellow
stained tumor cells detected with the �uorescence microscope. (D) Area of MCF 7 metastasis . Results



are presented as the mean±SD. p <0.01 vs. control group p <0.0 5 vs. 0.05mg/mL group; p <0.01 vs.
0.05mg/mL group


