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Introduction
SARS-CoV-2, the new generation of coronavirus, is 
currently prevalent in the world and has been reported to 
infect and kill millions of people. According to the research 
on corona disease control, it found that vaccination is one 
of the best choices to control the epidemic of this disease. 
Cancer patients as well as cancer survivors categorized as 
a high-risk priority group for vaccination compared to the 

normal population.1 On the other hand, a proper study 
had not been conducted to evaluate the anti-metastasis 
characteristics of COVID-19 vaccination, prior studies 
have focused on the immunity provoked in the recipients.2 

The type of breast cancer, as the most frequent women’s 
cancer worldwide, depends on which cells and which area 
of the breast becomes cancerous: when the cancerous cells 
is limited to the breast tissue, it is called early stage; on the 
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Abstract
Introduction: According to the efforts 
made in the field of controlling the 
coronavirus disease, vaccination was 
found to be the best choice to cease the 
spread of the pandemic. Unfortunately, 
cancer patients, as well as cancer 
survivors, were categorized as a high-
risk priority group for vaccination 
compared to the normal population 
before a sufficient assessment of the impact of vaccines on tumor behavior.
Methods: This in vivo investigation attempts to demonstrate the metastasis-inhibitory effect of two 
famous vaccine brands, Sinopharm and AstraZeneca, in the 4T1 mice model. Single and double doses 
of each brand were administered to the related group after 10 and 20 days, after the mice's tumor size 
reached about 250 mm3. As control groups, mice models with the same conditions received one or two 
doses of ddH2O. After one month, the mice were euthanized by CO2. The mRNA expression level 
of related genes to metastasis, cell invasion, cell-cell adhesion, the EMT process, and angiogenesis 
was investigated by real-time polymerase chain reaction (PCR) and immunohistochemistry (IHC). 
Metastasis to vital organs (heart, lung, kidney, liver, and spleen) was also examined by H&E. 
Results: The results revealed a dramatic downregulation of MMP-2/9 and VEGF expression in the 
vaccinated groups versus the control group. Furthermore, metastasis to vital organs was much less 
in the vaccinated groups (although some metastatic lesions were seen in the groups that received 
AstraZeneca, these lesions were much less compared to the control groups). 
Conclusion: The main aim of the current study was to assess whether vaccination against COVID-19 
exhibits any plausible impact on the metastasis of a TNBC in a mouse model or not. Together, our 
results hypothesize that the vaccination not only does not have a harmful effect on the tumor, but 
vaccines may exhibit anti-metastatic effects in preclinical models by reducing pro-cancer markers 
(such as MMP-2/9 and VEGF) and preventing metastasis to vital organs.
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other hand, when these cells spread outside of this tissue by 
recruiting blood vessels or lymph circulation far from where 
it started, it can be said that the cancer has metastasized.3,4 
Generally, it can be said that metastasis includes similar 
stages of cancer cells detachments from the primary tumor, 
invasion to the surrounding environment, intravasation 
to the blood or lymph circulation, extravasation, homing 
in the new niches, and finally forming new tumor.5 
According to the literature, most cancer-related deaths 
are due to metastasis.6 Metastasis is a multi-stage process 
that includes (I) cancer cell penetration into nearby tissues, 
(II) cell migration to vessels and lymph, (III) extravasation, 
and (IV) proliferation (colonization) in distant organs and 
tissues (in each step some genes can play a pivotal role).7 

Cancer cells move as a single cell in a mesenchymal 
feature or in a population (e.g., epithelial sheets or clusters), 
both in the same way, and invade distant or proximal 
tissues.8 Morphological features of cancer cells undergo 
alterations during the progression of cancer9; these include 
epithelial to mesenchymal change (EMT), the collective 
to amoeboid change (CAT),10 and the mesenchymal to 
amoeboid change (MAT).7,11 Cells that have undergone 
EMT cause the loss of cell-cell adhesion and tumor cell 
invasion into tissues and vasculature, which is facilitated by 
the renowned enzymes such as matrix metalloproteinases 
(MMPs) that degrade proteins. 12-14 Up-regulating proteins 
that induce mesenchymal characteristics during EMT, 
increase invasiveness and subsequent intravasation; for 
example, N-cadherin overexpression and E-cadherin down-
regulation promotes invasion and metastasis.5,15,16

Angiogenesis, in the term of building up new blood 
network, is an inevitable stage of metastasis. That is, when 
the tumor grows, to provide nutrients, eliminate wastes, and 
exchange gases sufficiently, it began to build up new blood 
network in different pathways with various factors including 
vascular endothelial growth factor (VEGF), EGF, FGF, PDGF, 
etc. This network not only helps tumor cells to overcome 
restrictions it faces with its elevated mass but also can be 
exploited with tumor cells to spread cancer systematically, 
i.e. metastasis.17 The process of forming new blood vessels 
from the old ones is called angiogenesis. In this process some 
proteins are involved including VEGF. When expressed, this 
protein stimulates the blood vessels formation and increases 
the number of capillaries. This phenomenon conveys oxygen 
to tissues in situations where the oxygen supplemented to 
tissues by normal blood circulation is insufficient.18 Solid 
cancers cannot grow without enough blood; to overcome 
this cancer cells express VEGF, and induce new blood 
vessels formation which finally help them proliferate and 
spread. Proliferation in distant organs and tissues is the last 
stage of the metastasis process of cancer cells, which is the 
inauspicious feature of most malignant tumors.

In our previous studies, the obtained data revealed that 
vaccination can have anti-tumor properties19,20; here we 
tried to investigate whether vaccinating with AstraZeneca 
and Sinopharm exert this activity by influencing metastasis 
in a triple-negative breast cancer (TNBC) mouse model 
tumor. To attain this, alterations in the expression of MMP-

2, MMP-9 genes (important in the extracellular matrix 
[ECM] destruction), N-cadherin gene (promotes the EMT 
process), E-cadherin gene (any disorder in the function of 
this gene, leads to a decrease in cell-to-cell adhesion), the 
VEGF gene (which plays a key role in angiogenesis) and 
existence of metastatic lesions in the vital organs (heart, 
lung, kidney, liver, and spleen) was assessed.

Materials and Methods
Animals
This study was carried out in strict accordance with the 
recommendations in the Guide for the Care and Use of 
Laboratory Animals of the National Institutes of Health. 
The protocol was approved by the Committee on the 
Ethics of Animal Experiments of Motamed Cancer 
Institute, ACECR, Iran, (Ethical code: IR.ACECR.
IBCRC.REC.1400.028). All surgery was performed 
under anesthesia, and all efforts were made to minimize 
suffering. To maximize the animal care and handling, as 
well as minimize the animals suffering, all experiments 
related to the animals were performed with trained (with 
authenticated certificate declared that they were qualified 
enough to handle animals ethically) and experienced 
scientists. 4T1 breast cancer mice models were utilized in 
this study. To prepare these models, adult mice (about 23 
grams) of BALB/c species were purchased from the Razi 
Vaccine and Serum Research Institute of Iran. These mice 
were transferred to the animal breeding room and kept 
in 6 standard-size cages (the animals had free access to 
food and water). The amount and timings of light in the 
animal room were adjusted by an automatic electric timer 
(12 hours light and 12 hours darkness). 

Cell line
4T1 cell line (a triple-negative breast cancer model in mice) 
was purchased from the Pasteur Institute of Iran. These 
cells were cultured in cell culture T-25 flasks containing 
high glucose DMEM (Dulbecco’s Modified Eagle Medium) 
culture medium, with 10% fetal bovine serum (FBS) 
(Gibco), and 1% antibiotics containing penicillin and 
streptomycin (Gibco). These cells incubated in a CO2 
incubator (5% CO2) in 37 °C (Memmert); the medium 
above cells were replaced with fresh medium twice a week. 

Producing in vivo cancer model
4T1 cells were cultured with the condition mentioned 
above, when cells reached above 80% confluency, prior to 
detaching by trypsin they were washed with phosphate-
buffered saline (PBS) (Gibco). After centrifugation 
(160 × g/5 minutes/at room temperature), they were 
counted with Neubauer slides. To make mice cancerous, 
1 × 10⁶ cells/100 µL suspended with PBS and injected 
subcutaneously into the flank area (specifically in the fatty 
tissue, under the skin) of each mouse. They were housed 
in groups of five to six per cage and under regular 12 h 
light/dark cycles. All animal experiments were performed 
according to the instructions provided by ARRIVE (Arrive 
Reporting Regulations for In Vivo Experiments) guidelines 
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and National Institutes of Health guide for the care and use 
of Laboratory animals (NIH Publications No. 8023, revised 
1978). Mice were allowed to access water and food freely 
Animal welfare was assessed daily while mice weights were 
recorded every other day using a digital balance. After 30 
days, all the mice were euthanized by the aid of CO2; their 
tumors and vital organs were carefully dissected, fixed by 
4% formaldehyde and sent to a pathology laboratory for 
further pathological assessments.

Injection of Sinopharm and AstraZeneca vaccines
Ten days after the injection of the cancer cells with the above 
protocol (at this moment the volume of the tumors reached 
250-350 mm3), vaccines were injected intraperitoneally. 
According to the mice weights, the injection dose was 
calculated based on the dose that used in human (each 
group contained 10 mice, another 10 mice were assessed 
as the control group, and just distilled water was injected 
relative to the volume of the vaccines). The second dose 
of vaccines/distilled water was injected ten days after the 
first injections. The mice were euthanized by CO2 after 
30 days (the injection dose and time of euthanizing, 
performed based on previous study21). The vital organs 
and/or tumors of the mice were carefully dissected, fixed 
in 4% formaldehyde, then used for hematoxylin and eosin 
staining, immunohistochemistry, and RNA extraction 
(to assess the alteration in the MMP-2, MMP-9, VEGF, 
E-cadherin, and N-cadherin protein and mRNA expression 
level, immunohistochemistry (IHC) and real-time 
polymerase chain reaction (PCR), performed respectively). 

MMP-9, MMP-2, E-cadherin, and N-cadherin genes 
expression
Total RNA of all samples was extracted by TRizol 
(Thermo Fisher). Briefly, tissues were homogenized in 
1 mL of TRizol using a mortar. Chloroform was added, 
after 5 minutes followed by centrifugation at 16099 × g for 
15 minutes at 4 °C. The aqueous phase was transferred 
to a new microtube, and RNA was precipitated with 
isopropanol, washed with 75% ethanol, and dissolved 
in RNase - free water. The quantity and possibility of 
contamination with biological compounds and protein 
were assessed by reading the optical density of each 
extracted sample by spectrophotometer. CDNA synthesis 
is performed by AddScript cDNA Synthesis Kit (addbio, 
Korea). Specific primers were designed by using the NCBI 
primer blast database to amplify cDNAs of E-cadherin, 
MMP-9, MMP-2, and N-cadherin genes (GAPDH used as 
internal control). Finally, the real-time PCR performed 
in an applied biosystem instrument,22 (SYBR green 
master mix from Ampliqon, Denmark was used) with the 
following program: pre-cycling stage (95 °C, 15 minutes); 
cycling stage (40 cycles): denaturation (95 °C, 20 seconds), 
annealing/extension (60 °C, 30 seconds); and melt curve 
stage. Fold change obtained according to the obtained cycle 
of threshold, 23 and 2-∆∆Ct formula; where ∆∆Ct stands for 
∆Ct (Ct target gene-Ct internal control) vaccinated group - ∆Ct (Ct target gene-Ct 
internal control) correspondence control group.

Hematoxylin and eosin (H&E) staining IHC
The tumor and vital organs (i.e., spleen, liver, lung, 
kidney, and heart) of the mice were carefully dissected 
analyzed with specialist for the following experiments. 
The pathologist was completely blinded to the treatment 
and was not aware which treatment each dissected sample 
came from. The dissected samples from mice were cut 
with a microtome device, transferred on slides, and then 
stained. H&E slides were created from the heart, spleen, 
lung, liver, and kidney to check metastasis to these organs. 
In immunohistochemistry (IHC) using antibodies to detect 
and distribute antigens, in this study, MMP-2, MMP-9, and 
VEGF were used to evaluate metastasis and angiogenesis, 
and the created H&E and IHC slides were examined by an 
optical microscope.

Statistical analysis
An unpaired t-test was carried out to investigate statistical 
differences between two groups, in case where we wanted 
to statistically compare difference between more than 
two groups a one-way analysis of variance (ANOVA) 
performed. P value < 0.05 was considered as significant (all 
statistical analyzes and graphs were obtained by GraphPad 
Prism software (V. 08)).

Results
Groups’ description
All experiments were performed on 6 different groups 
(Table 1). Groups that received 1 dose of vaccines 
(Sinopharm or AstraZeneca) are named 1A or 2A, 
respectively. For the 2A and 1A, we used a control mice 
model that received 1 dose of ddH2O in the same way, time, 
and amount of injection as the vaccinated ones. Groups that 
received 2 doses of vaccines (Sinopharm or AstraZeneca) 
are named as 1B or 2B, respectively (the control for these, 
were mice model that received 2 doses of ddH2O).

Assessment of genes expression at the mRNA level
MMP-2 and MMP-9
Real-time PCR results revealed that MMP-9 and MMP-2 
expression level decreased in 1A, 1B, and 2A groups: for 
MMP-2; with mean about 0.59 ± 0.08, 0.125 ± 0.095, and 
0.43 ± 0.22 fold normalized to their corresponding controls 
(for 1A and 2A the control group was 3A, and for 1B and 2B 
the control group was 3B); and for MMP-9 with mean about 
0.07 ± 0.03, 0.03 ± 0.01, and 0.11 ± 0.02, respectively. In the 
case of 2B, no significant increase (P = 0.0537) (compared 

Table 1. In vivo groups’ description

Abbreviation Description

3A 4T1 mice model which received 1 dose of ddH2O

3B 4T1 mice model which received 2 doses of ddH2O

1A 4T1 mice model which received 1 dose of Sinopharm

1B 4T1 mice model which received 2 doses of Sinopharm

2A 4T1 mice model which received 1 dose of AstraZeneca

2B 4T1 mice model which received 2 doses of AstraZeneca
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with 2A) was seen for MMP-2: mean calculated to be about 
1.43 ± 0.1, and a significant increase (P = 0.019) was seen in 
MMP-9 with mean about 2.087 ± 0.083. 
E-cadherin and N-cadherin
In the case of E-cadherin, the expression level of this gene 
increased in the 1A, 1B, and 2A groups (this increase was 
much more in the 1B group compared with the others): 
1.29 ± 0.11, 6.05 ± 0.23, and 2.37 ± 0.3, respectively. The 
mean fold change for this gene in the 2B group was 
calculated to be 0.96 ± 0.140 (the difference between 2A 
and 2B was not statistically significant, P < 0.05). 

In the case of N-cadherin (promotes the EMT process 

and contributes to cancer progression), the fold change 
analysis demonstrated a decrease in the expression level 
of this gene in all vaccinated groups 1A, 1B, 2A, and 2B: 
mean fold change for these groups was 0.68795 ± 0.10155, 
0.469743 ± 0.10, 0.067 ± 0.013, and 0.14 ± 0.06, respectively. 
According to the statistical data obtained from the 
comparison between the two groups that received 
Sinopharm (1A and 1B), the p-value was equal to 0.2655 that 
considered as non-significant (ns), also in the comparison 
between the two groups that received AstraZeneca (2A and 
2B) the P value was equal to 0.5776 and considered as non-
significant (Fig. 1).

Fig. 1. Real-Time PCR results: The level of expression of MMP-2, MMP-9, and N-cadherin genes in both groups that received Sinopharm (1A and 1B) and 
the mice that took only one dose of AstraZeneca (2A) was reduced compared to the control group, but the expression level of E-cadherin gene in these 
three groups (1A, 1B, 2A) increased. On the other hand, in the mice that took two doses of AstraZeneca (2B), the expression levels of MMP-2 and MMP-9 
genes showed a slight increase compared to the control group, and the expression levels of E-cadherin and N-cadherin genes decreased. The P value 
related to the MMP-2 gene graph in comparison between 1A and 1B equals 0.0645 and in 2A and 2B equals 0.0537 (the adjusted P value calculated to be 
0.039 and significant). The P value related to the MMP-9 gene graph in comparison between 1A and 1B equals 0.3333 and in 2A and 2B equals 0.0019 
(**). The p-value related to the E-cadherin gene graph in comparison between 1A and 1B was equal to 0.0029 (**) and in 2A and 2B equals 0.0525. The 
expression of E-cadherin was much less in the 2B compared with the 1B (P = 0.0028); although the expression of N-cadherin seemed to be less in the 2B, 
this difference was not statistically significant (P = 0.1057). The P value related to the N-cadherin gene graph in comparison between 1A and 1B equals 
0.2655 and in 2A and 2B equals 0.5776. (The control group is shown with a dashed line). ns = non-significant, ** = Significant. For more details of the 
statistical analysis, see Table S1.
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For further investigation of metastasis footprints after 
injection of Sinopharm and AstraZeneca vaccine, the 
expression levels of VEGF, MMP9, and MMP2 in the tumor 
site at the protein level were also evaluated by IHC. Also, 
the metastatic lesions were investigated in the vital organs 
(heart, kidneys, lung, liver, and spleen) by H&E staining.

IHC staining results 
We further evaluated the essential biomarkers that are 
associated with metastasis and angiogenesis, in the tumor 
sites, namely MMP9, MMP2, and VEGF. After vaccination, 
the protein expression level of these three genes decreased 
in the vaccinated groups. When comparing with their 
corresponding controls (those which took one dose of 
vaccine with 3A, and those that received two doses of 
vaccines were compared with 3B), it came out that the 
decreasing in the expression level of MMP2 was statistically 
significant in 1A and 1B groups; VEGF decreasing was 
significant in 1A, 1B, and 2B; MMP9 decreasing showed a 
significant decrease in the 1B group (Fig. 2, and Table S2).

H&E staining results 
The vital organs (lung, heart, kidneys, liver, and spleen) 
of mice from different groups were dissected, H&E slides 

prepared and then they were evaluated pathologically for 
any signs of metastatic lesions. Metastatic lesions were seen 
in the lungs and liver of 3A; 3B group also showed these 
lesions in their liver. In vaccinated mice, the groups that 
took AstraZeneca (2A and 2B) showed metastatic lesions 
only in their livers (these lesions were scarce in these 
groups). In the mice that received Sinopharm (1A and 1B), 
no metastatic lesions were observed in any of the examined 
organs (Fig. 3A and Fig. S1) (these data are summarized in 
Table 2). As mentioned, other organs including the heart, 
spleen, and kidneys did not seem to have metastasis (only 
liver and/or lungs in the mentioned groups had metastatic 
lesions) (Fig. 3B and Fig. S2).

Discussion
Due to lack of time, cancer patients as a high-risk group 
did not include in the preclinical studies which aimed to 
trace the plausible COVID-19 vaccines side effects.24 The 
focus of previous studies in this area was not about this 
possible side effect, and on the other hand, they merely 
assessed the immunity occurred against this disease 
post vaccination1,2,25; in this regard, studies aimed at 
elucidating the relationship between vaccination and 
disease progression are considered urgently needed.1,26 

Fig. 2. Expression of pivotal markers related to metastasis (MMP-9, and MMP-2) and angiogenesis (VEGF) at the tumor site. The dissected tumors from 
all six groups were studied by IHC for the possible impact of the ensuing Sinopharm or AstraZeneca injection on the angiogenesis, and metastasis. To this 
aim, expression level of metastasis markers including MMP-2, and MMP-9, as well as an angiogenesis marker, VEGF, were studied in tumors dissected 
from all six groups, by IHC. Mice that received the Sinopharm vaccine (1A and 1B) showed the lowest expression level of VEGF, MMP-2, and MMP-9. The 
highest expression level was related to the 3A and 3B (control groups). (Magnification 400X). (3A: control group; 4T1 mice model which received 1 dose of 
ddH2O, 1A: 4T1 mice model which received 1 dose of Sinopharm, 2A: 4T1 mice model which received 1 dose of AstraZeneca, 3B: control group; 4T1 mice 
model which received 2 doses of ddH2O, 1B: 4T1 mice model which received 2 doses of Sinopharm, and 2B: 4T1 mice model which received 2 doses of 
AstraZeneca). (The brown points were considered as positive for each marker.) For more details of the statistical analysis, see Table S2.
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According to our previous study,19 considering this gap 
and the high prevalence of breast cancer worldwide, here 
the effects of COVID-19 vaccines used in many countries 

(Sinopharm and AstraZeneca) on breast cancer metastasis 
were investigated in vivo. To achieve this goal, mice models 
with triple-negative breast cancer were developed (as one of 

Fig. 3. Distant metastasis assessment. To investigate the impact of vaccination of mice models with Sinopharm or AstraZeneca on distant metastasis, 
organs like liver, lung, spleen, heart, and kidney of all six groups were dissected after the study. These organs were assessed for the existence of metastatic 
lesions: (A) Metastatic lesions were frequent in the liver and lungs of the control groups. Some signs of the metastatic lesions were seen in the 2A and 2B 
liver (much less than the control groups). No metastatic lesions were reported in the liver and lungs of the Sinopharm groups. (Images were taken from an 
optical microscope with 100X and 400X magnification). (B) According to pathology reports, no metastatic lesions were seen in other organs (heart, spleen, 
and kidneys) (Yellow arrows show the metastatic cells, Magnification 400X). (3A: control group; 4T1 mice model which received 1 dose of ddH2O, 1A: 4T1 
mice model which received 1 dose of Sinopharm, 2A: 4T1 mice model which received 1 dose of AstraZeneca, 3B: control group; 4T1 mice model which 
received 2 doses of ddH2O, 1B: 4T1 mice model which received 2 doses of Sinopharm, and 2B: 4T1 mice model which received 2 doses of AstraZeneca).
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the most metastatic breast cancers). Mice were examined in 
six different groups: 3A (this group injected with distilled 
water exactly like the group that took a vaccine), 3B (this 
group injected twice with distilled water exactly like the 
group that received two doses of vaccine), 1A (mice model 
that took one dose of Sinopharm vaccine) 1B (received 
two doses of Sinopharm vaccine), 2A (mice model that 
received one dose of AstraZeneca vaccine) and 2B (this 
group received two doses of AstraZeneca vaccine). After 
completion of the study period, expression of the essential 
genes involved in metastasis, as well as metastasis to 
different organs, was examined.

Excessive production or increased activity of MMP-2 and 
MMP-9 aids cancer cells to invade to the other tissues by 
ECM (extra cellular matrix) destruction and allows tumor 
cells invasion into other tissues and the metastasis of 
cancerous cells to the surrounding organs.27 Furthermore, 
product of these two genes plays an important role in 
tumors fate by affecting proliferation, apoptosis and 
angiogenesis as well.28 Expression level of them in the 
mice that received vaccines (1A, 1B, and 2A) decreased 
significantly compared to their control group. In the group 
that received two doses of the AstraZeneca vaccine (2B), 
a scarce increase was seen in the mRNA expression level 
of these two genes when compared with control group 
(this increase was more obvious at mRNA level, and at the 
protein level (IHC results) the protein expression level of 
both genes were less than the control group). This can result 
from the increased immunity that occurs after vaccination; 
the vaccination provokes the immune cells, these cells do 
not focus merely on the target vaccine antigen, they also 
become more alert about the cancerous cells, especially 
those who reside in the tumor area (as the number of cells 
with abnormal cell-surface antigen is much more there).29-34 
The data obtained from our previous report also revealed 
that after vaccination, TILs presentation in the tumor site of 
the vaccinated groups increased; this was further confirmed 
by CD4/CD8 ratio; which showed decreasing in the tumor 
dissected from vaccinated groups.19,20 

Cadherins (calcium-dependent cell adhesion molecules) 
are renowned molecules which have a key role in 
maintaining the epithelial characteristics of various 
tissues. A raft of studies has proven that the reduction 

of E-cadherin expression causes intercellular adhesion 
perishment and increases cell motility.35,36 Various studies 
on clinical samples of different tumor tissues have shown 
that the decrease in E-cadherin expression is associated 
with tumor invasion, and metastasis and finally induce 
tumor progression. N-cadherin is another gene that 
plays beside the E-cadherin; the former promotes the 
EMT process and contributes to the cancer progression 
and metastasis. Nakajima et al demonstrated that the 
N-cadherin overexpression and the E-cadherin down-
regulation are common features in metastatic tumors.37 
Our results revealed that E-cadherin expression increased 
and N-cadherin expression decreased in the 1A, 1B, and 
2A. However, in the group that received two doses of the 
AstraZeneca vaccine (2B) E-cadherin expression level did 
not show significant change (compared with the control 
group); the difference between 2A and 2B groups was 
not statically significant, as well. The expression level 
of N-cadherin decreased in all vaccinated groups, in 
comparison with their corresponding control. 

As mentioned earlier, the result of increasing the 
E-cadherin expression induces cell-to-cell adhesion; on 
the other hand, by decreasing N-cadherin expression, 
metastasis, and invasion of tumor cells to other parts of 
the body can be reduced; the phenomenon which can be 
seen in the H & E performed in this study on the vital 
organs. In this area, metastatic lesions were obvious (and 
maybe abundant in the liver) in the organs dissected from 
control groups, and no metastatic lesions were seen in other 
vaccinated groups; although some of the livers obtained 
from the 2B, showed some signs of metastasis (significantly 
less than those seen in the control).

In addition, the expression levels of metastasis-related 
proteins at the tumor sites were investigated by IHC. VEGF 
is an angiogenic marker that may be directly related to 
metastasis.38 In addition to the roles mentioned in the 
paragraphs earlier, MMP-2 and MMP-9 have a pivotal 
impact in the invasion of cancer cells into adjacent tissues, 
which is one of the main steps of metastasis in cancer.27 
The expression of these three IHC markers (MMP-9, 
MMP-2, and VEGF) down-regulated significantly post 
vaccination. These results confirmed the data obtained 
from real-time PCR and H & E results (tracing metastatic 
lesions in the vital organs). Among vaccinated groups, 
these markers expression was a bit more in the 2A and 
2B groups than the 1A and 1B ones. As the AstraZeneca 
vaccine is composed of active viruses, it may extrapolate 
that enhanced immunity may help to promote angiogenesis 
and the plausibility of the presence of immune cells exist 
in the site of tumor. According to the results related to the 
expression of MMP-2 and MMP-9 genes by real-time PCR 
and the examination of these markers by IHC, it can be 
said that all vaccinated groups reduced the expression level 
of metastatic genes expression at mRNA and/or protein 
level. This was also demonstrated by H&E to trace the rate 
of distant metastasis to the heart, lung, kidney, liver, and 
spleen. Metastatic lesions were reported only in the 3A and 
3B (control groups).

Table 2. Tracing distant metastasis

Liver Spleen Heart Kidney Lung

3A ++ _ _ _ +

1A _ _ _ _ _

2A + _ _ _ _

3B ++ _ _ _ _

1B _ _ _ _ _

2B + _ _ _ _

Note: Metastatic lesions were seen in the liver and lung of 3A and 3B 
(control groups) and also in the liver of groups receiving AstraZeneca 
(2A/2B). (Existence of metastatic lesions is indicated by + or -). (3A: 
control group, 1A: one dose of Sinopharm, 2A: one dose of AstraZeneca, 
3B: control group, 1B: two doses of Sinopharm, and 2B: two doses of 
AstraZeneca).
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Conclusion
The main aim of this study was to assess the possible impact 
of vaccination against COVID-19 on the metastatic features 
of TNBC. To investigate this, we exploited a TNBC mice 
model and monitored the metastasis-related outcomes. The 
current study can be considered as one of the valuable pre-
clinical research projects investigating the outcome of anti-
infection vaccination on the tumor behavior. Although, 
limited metastatic lesions were seen merely in the liver of 
the TNBC mice model, which received AstraZeneca, the 
frequency of these was much lower compared with the 
control groups. Hence, in a nutshell, vaccination in the 
triple-negative breast cancer mice model not only has no 
negative effects on the tumor, but it also reduces cancer 
progression markers (such as MMP-2/9 and VEGF) and 
prevents metastasis to vital organs, which may play as 
an obstacle for cancer progression. This effect may be 
better when two doses of vaccines are received than when 
one dose is. This is of importance to mention that, these 
results should be interpreted with caution due to several 
limitations, e.g., the study focused on two vaccine types 
(Sinopharm and AstraZeneca), limiting generalizability to 
other vaccines, and assessing the vaccination on other types 
of cancers. Lack of a control group that has tumor and was 
infected simultaneously, which prevents direct assessment 
of interactions between viral infection, vaccination, and 
tumor progression. Extrapolating findings from mouse 
models to human applications is another crucial issue in 
this regard, because mouse immune–tumor interactions 
differ from those in humans. Moreover, the administration 
route of vaccination in mice differs from that in clinical 
practice, which further complicates translation. Also, 
sufficient supporting clinical experiments, including cohort 
studies and clinical trials, are needed. Future research 
should focus on large-scale studies to validate these findings 
and assess long-term efficacy for ensuring the approach's 
clinical applicability.
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