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Abstract 
Background: Several studies have reported the anticancer effect of phycocyanin 

C, a natural extract isolated from the algae Arthrospira platensis. However, its therapeutic 
effects on the growth of breast cancer and its metastasis have not been determined 
yet.  

Method: In this case-control study, we employed phycocyanin C for the treatment 
of 4T1 breast tumor as an applicable experimental animal model for human mammary 
cancer and metastasis. BALB/c mice were injected subcutaneously (s.c) into the 4th 
abdominal mammary fat pad with 1×106 4T1 cells. We randomly divided the mice 
into two groups; one group of mice were injected with PBS as the control, and the 
other group was intraperitoneally injected with phycocyanin C (80 mg/kg daily for 
20 days). Tumor growth and metastasis were assessed in both groups.  

Results: Phycocyanin C significantly inhibited 4T1 breast tumors growth (P<0.05). 
The mean tumors volumes at the control group were 2.73 times higher than those of 
the treatment group. In addition, phycocyanin C treatment could significantly inhibit 
the formation of metastasis colonies at vital organs like spleen, liver, and lung. 
Moreover, the survival rate of the tumor-bearing mice increased after about 22 days 
by phycocyanin C treatment in comparison with the control.  

Conclusion: This is the first report demonstrating the anticancer effects of 
phycocyanin C on 4T1 breast tumor in vivo. Overall, our findings provided convincing 
evidence for the application of phycocyanin C as an anticancer therapeutic agent. 
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Introduction 

Breast cancer is the most prevalent cancer 
among women worldwide.1-3 Different therapeutic 
strategies, including chemotherapy, radiation 
therapy, and surgery are applied for the treatment 
of breast cancer. However, these therapies are 
not definitive treatments and are usually associated 
with several adverse effects.4 On the other side, 
the incidence of breast cancer is on the increase 
worldwide, despite all the prevention strategies.5 
Regarding certain patients, breast cancer is defined 
as an aggressive malignancy accompanied by 
enhanced metastasis and poor prognosis.6 

Therefore, novel and alternative therapies, such 
as nutrition therapy, may be useful in these cases. 
In nutrition therapy, food supplements, ingredients, 
and a generally healthy diet provide various 
nutrients to the body so that it could fight cancer 
cells more effectively. In addition, nutrients exert 
chemopreventive and chemotherapeutic effects 
in these patients.6 In fact, there is a balance 
between oxidants and antioxidants in an optimal 
physiological condition. Oxidative stress involves 

certain damages to different molecules, for 
instance lipids, proteins, and DNA, which could 
be considered as a risk factor for cancer 
induction.7, 8 Studies have shown that 
phytochemical compounds exert antioxidant 
activity through scavenging free radicals, which 
leads to metabolic changes including gene 
regulation (oncogenes, as well as, tumor 
suppressor genes), cell differentiation, cell cycle 
arrest and apoptosis, modulation of enzyme 
activities in detoxification, oxidation and 
reduction, immune system stimulation, and 
regulation of hormone-related carcinogenesis.9-

11 To date, numerous researches have investigated 
ursolic acid, a phytochemical component in plants 
(fruits and vegetables), owing to its antiprolifer-
ative effects and its ability to induce apoptosis 
in breast cancer cells. Furthermore, its impacts 
on cell signaling and some metabolites have been 
demonstrated.12,13 Another phytochemical 
compound is phycocyanin, which is isolated from 
the Arthrospira platensis. It is a natural, non-toxic 
component used as a food supplement in many 

Figure 1. The tumors’ volume progression in the PBS and phycocyanin C treated groups was monitored (n=10). Phycocyanin C treatment 
caused a significant inhibition in the 4T1 breast tumors’ growth and volume progression (*: P<0.05). 
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countries. The antioxidant and anti-inflammatory 
characteristics of phycocyanin have been 
considered.14,15 Reaserches have also reported its 
anticancer effects against certain types of cancers 
including colon, hepatocellular, service, and 
leukemic cell line.16-19 Previous studies have 
indicated that phycocyanin activates proapoptotic 
and down-regulates antiapoptotic genes 
expression, which promotes apoptosis of cancer 
cells.19, 20 The apoptotic effects of phycocyanin 
on K562 cell line results into the down-regulation 
of antiapoptotic proteins, such as Bcl-2, while it 
has no effects on proapoptotic proteins. These 
impacts of phycocyanin are probably mediated 
via the release of cytochrome c in the cytosol 
and poly (ADP) ribose polymerase (PARP) 
cleavage.19, 20 Moreover, Cyclin E and CDK-2 
levels, which are needed for G1-S transition, 

decrease in MDA-MB-231 cells in the presence 
of phycocyanin; and therefore, the cells push to 
enter apoptosis. The inhibition of COX-2 in triple 
negative breast cancers is another anticancer effect 
of phycocyanin.21 

Most previous studies have reported the 
anticancer effects of phycocyanin on cancer cells 
in vitro. In the present study, we decided to 
evaluate the antineoplastic and antimetastatic 
effects of phycocyanin C on the 4T1 breast tumor-
bearing BALB/c mice as an applicable 
experimental animal model for human breast 
cancer in vivo. To the best of our knowledge, 
this is the first time to investigate the therapeutic 
efficacy of phycocyanin C regarding the growth 
of breast tumor and metastasis in vivo.  

 
 

Figure 2. The metastatic burden at vital organs was evaluated at phycocyanin C treated and PBS groups (n=8), 65 days after cancer cell 
implantation. A) The average metastatic colonies per microscopic field of lungs and B) Liver sections were evaluated in phycocyanin C 
treated and PBS groups (n=8). C) Spleen and lung weights for different groups were evaluated and PBS group exhibited a significantly  
higher weight in comparison with the phycocyanin group (*:P< 0.05), which exhibited the higher metastatic burden. The microscopic 
photographs of liver sections at (D) control and (E) phycocyanin treated groups are presented to exhibit the difference of metastatic 
burden in this organ. 
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Materials and Methods 

Cell culture  
In this case-control study, mouse mammary 

carcinoma cell line (4T1) was purchased from 
Pasteur Institute of Tehran, Iran. Cells were 
cultured in RPMI 1640 medium (Sigma, USA) 
containing 10% fetal bovine serum (FBS) (Sigma, 
USA) and 1% antibiotics mixture containing 
penicillin (Sigma, USA) and streptomycin (Sigma, 
USA). The cells were incubated at 37 ºC in a 
humidified incubator at 5% CO2 atmosphere. 
Animals husbandry and 4T1 breast tumor 
implantation  

20 Female BALB/c mice (age, 6-8 weeks; 
mean weight, 25 ± 2 g) were purchased from the 
Pasteur Institute of Iran (Tehran, Iran) for this 
experiment. We verified all the procedures 
according to the guidelines of the Institutional 
Animal Care and Ethics Committee of Isfahan 
University of Medical Sciences 
(IR.MUI.REC.1396.3.520). The mice were 

injected subcutaneously (s.c) into the 4th 
abdominal mammary fat pad with 1×106 cells 
suspended in 100 µl PBS (Sigma, USA). They 
were randomly divided into two groups (n=10 in 
each group). One group of mice were injected 
with PBS as the untreated group, and the other 
group was intraperitoneally (i.p) injected with 50 
mg/kg phycocyanin C (Sigma-Aldrich, Germany) 
on a daily basis for 20 days. The injections started 
as tumors became palpable.  
We then measured the tumor sizes with a digital 
caliper every three days and calculated the tumors’ 
volume using the below tumor volume equation:22  
Tumor volume = Tumor length × Tumor width 2 × 0.5 
Survival assay 

16 female BALB/c mice were purchased from 
the Pasteur Institute of Iran (Tehran, Iran) for this 
experiment. The mice were injected with the 4T1 
cancer cells and divided into two groups (n=8), 
including PBS and phycocyanin C (the same as 
previous section). For survival analysis, we 

Figure 3. The survival time of the mice was monitored for 100 days after cancer cell implantation in different groups (n=8) and their 
Kaplan-Meier graph is illustrated in this figure. The horizontal axis exhibits the time progression and the vertical axis represents the 
survival percentage of the mice (*:P< 0.05).
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observed the tumor-bearing mice for 100 days 
following the implantation of the cancer cells. 
The animals’ death was recorded every day. The 
standardized humane endpoint employed to 
euthanize the animals was failure to eat and drink 
for over 3 days and without any limb movement. 
Metastasis assay 

16 Female BALB/c mice were purchased from 
the Pasteur Institute of Iran (Tehran, Iran) for 
this experiment. We initially injected them with 
the 4T1 cancer cells and then divided them into 
two groups (n=8), including PBS and phycocyanin 
C (the same as previous section). The mice were 
sacrificed 65 days after them implantation of the 
cancer cells. We harvested and weighted their 
spleen and lungs and compared the obtained 
weights between the PBS and treatment groups. 
Subsequently, their livers and lungs were fixed 
in 10% formalin neutral buffer solution and 
embedded in paraffin. Five µm sections were 
prepared from tissues blocks and stained with 
hematoxylin and eosin. Two sections were 
prepared for each liver. Afterwards, 10 random 
microscopic fields were evaluated for metastatic 
colonies at section, utilizing a digital light 
microscope (Olympus, Japan). We represented 
our results as the average number of metastatic 
colonies per group.23 
Statistical analyses 

We analyzed all the data utilizing One Way 
ANOVA with Tukey's post-hoc test with JMP 
11.0 software (SAS Institute, Japan). The statistical 
significance was set at P<0.05. The results were 
expressed as mean ± SD (*: P=0.05, ns: not 
significant). All the experiments were replicated 
at least three times.  

 
Results 

Phycocyanin C inhibits 4T1 breast tumors’ growth 
4T1 tumor-bearing mice were injected with 

phycocyanin C so that we could evaluate its 
therapeutic effects as an anticancer agent. We 
started the injection as the tumors became palpable 
after 20 days. Phycocyanin C treatment (50 mg/kg, 
20 days, i.p, daily) significantly inhibited the 
growth of 4T1 breast tumors 12 days following 

the treatment initiation (Figure 1). The tumors’ 
volume at the 21st day of the treatment was about 
2.73 times less than that in the untreated group, 
which was injected with PBS. We selected the 
phycocyanin dosage according to the study by 
Liao et al. on phycocyanin’s therapeutic effects 
on pancreatic cancer in animal models. They 
observed a significant anticancer activity by 
inducing apoptotic and autophagic cell death at 
this dosage of phycocyanin C treatment.24 

Phycocyanin C inhibits breast tumors’ 
spontaneous metastasis and increases tumor-
bearing mice survival  

4T1 is a highly metastatic cell line and can 
spontaneously migrate to the vital organs and 
forms metastatic colonies. The liver, lung, and 
spleen of the tumor-bearing mice were harvested 
40 days after the implantation of the cancer cells. 
Metastatic colonies at spleen and lung trigger an 
increase in their weights. We detected significant 
differences concernig the spleens (P<0.05) and 
lungs (P<0.05) weights between the treated tumor-
bearing mice (20 days, 50 mg/kg i.p, daily) and 
the control group (100 µL PBS) (Figure 2C). The 
histopathological evaluations demonstrated a 
significant inhibition of cancer cells metastasis 
in the phycocyanin C treated mice, which 
exhibited lower metastatic colonies at the lung 
(Figure 2A) and liver (Figure 2B) in comparison 
with the untreated group. In addition, phycocyanin 
C significantly (P<0.05) increased the survival 
rate in the tumor-bearing mice. The treatment 
group exhibited about 22 days of more mean 
survival time than the control group (Figure 3). 

 
Discussion 

In the present study, we assessed antineoplastic 
effects of phycocyanin on 4T1 breast tumor-
bearing BALB/c mice, and found that the 
treatment involving phycocyanin C, a marine 
drug, significantly decreased tumor volume. The 
efficacy of different therapeutic strategies 
commonly used for the treatment of breast cancer 
is not only dissatisfying, but also has several side 
effects. Thus, natural products have attracted a 
great deal of scientific attention concerning the 
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treatment of cancer in recent years. The 4T1 
tumor is a proper model of human breast cancer 
since its metastasis ability is like human mammary 
cancer.25 Previous studies have shown anticancer 
effects of phycocyanin C on different cancer cell 
types, such as breast cancer, liver cancer, and 
leukemia in vitro and in vivo,19, 20, 26-28 However, 
its effects on 4T1 breast tumors have not been 
investigated so far.  

Phycocyanin C selectively inhibits COX-2 
and COX-2 and plays a vital role in tumor 
progression and metastasis. Therefore, 
phycocyanin C as a COX-2 inhibitor has an 
important role in cancer prevention.29-32 In the 
present study, phycocyanin C treatment 
significantly inhibited 4T1 breast tumors growth 
12 days after the initiation of the treatment. A 
previous study by Saini et al. indicated that 
phycocyanin C induces apoptosis in a rat model 
of colon cancer. They suggested that phycocyanin 
C and Piroxicam inhibit the production of 
inflammatory cytokines and promote the apoptosis 
of cancer cells.32 Furthermore, they observed that 
in the treatment of triple-negative breast cancer 
MBA-MD-231 cells with phycocyanin, apoptosis 
of MBA-MD-231 cells increased with the increase 
in proapoptotic p21 protein and the decrease in 
antiapoptotic Bcl-2 protein levels.21, 33 On the 
other side, the antineoplastic impacts of 
phycocyanin on the other breast cancer cell line 
(MCF-7 cells) have been related to increased 
FAS expression and the decrease of NF-κB, P53, 
and Bcl-2 expression.20, 34 Other studies have 
found that phycocyanin C induces G0/G1 cell 
cycle arrest, diminishes cyclin D1 and CDK2, 
and also induces apoptosis in MBA-MD-231 cells 
and esophageal squamous cell carcinoma (ESCC) 
cell lines (EC9706 and EC1) in a dose-dependent 
manner.35, 36 Recently, in a network analysis and 
phenotype experiment, Hao et al. illustrated that 
GRB2-ERK1/2 pathway is involved in the 
proliferation suppression of melanoma cells by 
phycocyanin C.37  Accordingly, the significant 
decrease in the tumor size in our study is probably 
attributed to apoptotic impacts of phycocyanin 
C and also its role in cell-cycle arrest induction 
and proliferation suppression as mentioned above. 

To determine the antineoplastic effects of 
phycocyanin C against liver and lungs metastasis, 
we performed histopathological evaluations of 
cancer cells’ metastasis in the phycocyanin C 
treated mice compared to the untreated group.  
We found that liver and lung metastasis decreased 
in phycocyanin C treatment group, and the 
survival of phycocyanin C treated tumor-bearing 
mice increased in comparison with that in the 
untreated subjects. Previous studies have indicated 
that COX-2 mediates the metastasis of cancer 
cells to other tissues, and that this trend decreases 
in the presence of COX-2 inhibitors.38, 39 

Additionally, Kunte et al. reported the inhibitory 
effects of phycocyanin C on MMP-2 and MMP-
9 (gelatinase) expression in a hepatocellular cancer 
cell line (HepG2).40 Matrix metalloproteinases 
(MMPs), particularly gelatinase and collagenase 
classes, play leading roles in cancer metastasis.41-

43 Moreover, in another study, Hao et al. indicated 
that phycocyanin C suppresses proliferation and 
migration of non-small-cell lung cancer cells 
through downregulating RIPK1/NF-κB activity.37 

Accordingly, in our study, the decrease in liver 
and lung metastasis in the treatment of 4T1 breast 
tumor-bearing BALB/c mice with phycocyanin 
C may be due to the suppression of RIPK1/NF-
κB signaling pathway, and also the inhibition of 
both COX-2 and MMP2/MMP9.  

 
Conclusion 

In the present study, we depicted that 
phycocyanin C significantly decreases tumor size 
and metastasis in 4T1 breast tumor animal models. 
This is the first report demonstrating the anticancer 
effects of phycocyanin C on 4T1 breast tumor. 
Overall, our findings provided convincing 
evidence for the application of phycocyanin C 
as an anticancer therapeutic agent.  
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