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Abstract: Background: This study aimed to reveal the expression of P300 in breast cancer cell lines and tissues and 
the effect of P300 on the ability of proliferation, apoptosis, invasion, and migration in breast cancer cell line MCF-
7. Methods: In this study, three groups of siRNAs (siP300-1, siP300-2, and siP300-3) were constructed to inhibit 
P300 expression in MCF-7 breast cancer cells. The expression of PAX6 and P300 in breast cancer cell lines and 
human breast cancer tissue samples at the mRNA level were detected by PCR. In addition, P300 and PAX6 expres-
sion were identified by western blot analysis, and the expression of MMP9, VEGF, and uPA were detected by PCR, 
respectively. The differential cell’s ability of proliferation, apoptosis, migration, and invasion in breast cancer cells 
was measured by CCK-8, flow cytometry, cell wound scratch assay, and transwell invasion assay. Results: P300 and 
PAX6 in the breast cancer cells and tissues were highly expressed and could certainly be inhibited by siP300. After 
transfection by siP300-1, siP300-2, or siP300-3, the proliferation of MCF-7 breast cancer cells and the ability of 
migration and invasion in MCF-7 breast cancer cells were inhibited. The expression of MMP9, VEGF, and uPA were 
significantly inhibited, and PAX6 and P300 were highly expressed in breast cancer. Moreover, the expression level 
was closely related to the metastasis of human breast cancer. Conclusion: The ability of proliferation, invasion, and 
migration of MCF-7 breast cancer cells were inhibited by the silence of P300, while the apoptosis of MCF-7 cells 
was not significantly changed.
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Introduction

Breast cancer is the most common type of 
female cancer. Study finds that breast cancer 
remains the leading cause of death due  
to cancer among females in less developed 
countries [1]. According to statistics of the 
World Health Organization International Agen- 
cy for Research on Cancer, there is estimated 
to be 1.67 million new breast cancer cases 
worldwide. These cases are accounting for  
25% of all cancer cases [2]. Reports have 
shown that the incidence of breast cancer in 
China increases at a rate of 3-4% annually, 
while the growth rate of the city is up to 7.5%  
[3, 4]. Among these reports, Ferlay J et al. pre-
sented results for 20 world regions. They re- 
vealed striking differences in the cancer pat-

terns depending on region to region [3]. 
Kamangar F et al. reported on the patterns of 
cancer incidence and also stated that global 
disparities exist in cancer incidence, mortality, 
and prevalence. This may be due to the differ-
ences in individual behaviors, cultural beliefs, 
socioeconomic conditions, and health care  
system [4]. In China, the incidence rate of 
breast cancer ranks first among female can-
cers, accounting for about 7-10% of various 
malignancies, second to cervical cancer. Its 
age of occurrence is 40-60 years old, and it  
has a younger age trend. 

Moreover, tumorigenesis is a complex process 
involving multiple factors. It is related to the 
abnormal expression of many factors and the 
disorder of signaling pathways. With the rapid 
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development of molecular biology, a large  
number of genes, including E2F transcription 
factors (E2Fs) [5], tumor necrosis factor recep-
tor superfamily member 12A (TNFRSF12A), 
matrix metalloproteinase-9 (MMP-9) [6] were 
discovered and found abnormally expressed in 
breast cancer. Sun CC et al. specifically investi-
gated the transcriptional and survival data of 
E2Fs in breast cancer patients from multiple 
databases. They revealed that E2F1-3 and 5-8 
expression levels were higher in breast can- 
cer tissues than in normal breast tissues [5]. 
These findings are related to the development 
and prognosis of breast cancer.

Furthermore, P300 is a highly conserved  
multi-domain, large protein whose conserved 
domains includes a bromodomain (BD) area, 
cysteine-histidine (CH) 1, 2, 3 areas, a kinase-
inducible domain (KIX) area, and a histone 
acetyltransferase (HAT) area. These special 
structures determine the diversity of P300 
functions to a certain extent, including tran-
scription activation function and acetyltrans- 
ferase function. P300 can help p53 and p21 
which are involved in cell cycle arrest, cell dif-
ferentiation, apoptosis, and other biological 
processes [7, 8]. Among these studies, Lyer  
NG et al. suggested that P300 inhibition may 
be suitable for chemotherapy [7]. The study by 
Scolnick DM stated that P300 has properties 
of tumor suppressor proteins [8]. A previous 
study found that P300 is often accompanied  
by a mutation in gastric cancer, colorectal can-
cer, pancreatic cancer, ovarian cancer, and 
breast cancer [9]. Depending on the different 
tumor characteristics and mechanisms, P300 
acts as a tumor-promoting factor or inhibiting 
factor; however, the detailed functions of P300 
were ambiguous. 

Correspondingly, the regulatory role of PAX6 in 
the growth and differentiation of cells is often 
associated with tumor occurrence. A growing 
number of studies confirm that PAX6 plays a 
vital role in tumorigenesis. Besides, RNA inter-
ference (RNAi) has been widely studied in can-
cer treatment [10, 11]. Osumi N et al. suggest-
ed that PAX6 can possibly regulate prolifer- 
ation and differentiation by controlling down-
stream molecular expression [10]. Also RNA 
interference can be used to silence the expres-
sion of the Notch1 gene and using the nuclear 
factor-kappa B (NF-κB) signaling pathway to 

adjust expression of apoptosis-related pro-
teins. The MCF-7 breast cancer cell line can be 
inhibited, and its apoptosis can be promoted 
[12]. 

Nonetheless, the P300 and PAX6 were highly 
expressed in human breast cancer cells BT- 
474, MCF-7, and human breast cancer tissues. 
Besides, P300 and PAX6 were highly express- 
ed in breast cancer tissue of patients with 
lymph node metastasis compared to patients 
without lymph node metastasis. P300 overex-
pression has been demonstrated in other can-
cers, including skin [13], hepatic [14], esopha-
geal [15], nasopharyngeal [16], pancreatic 
cancer [17], lung [18], breast [19], and colorec-
tal cancers [7]. Furthermore, the poor progno-
ses of patients with tumors with higher P300 
expression levels than those with tumors that 
express lower levels of P300 [20] have been 
described. Our result was consistent with find-
ings in other human malignancies, indicating 
P300 plays an important role in tumor pro- 
gression.

Apart from this, P300 promotes cell pro- 
liferation, migration, and invasion in NSCLC 
cells through epithelial-mesenchymal transi-
tion (EMT) [21]. P300 and its closely related 
paralog CREB-binding protein (CREBBP, here- 
after CBP) regulates several fundamental bio-
logical processes, including proliferation, cell 
cycle, cell differentiation, and the DNA damage 
response [22].

Based on the above information, in this study, 
P300 enhancer-binding protein ChIP-seq data 
in the MCF7 human breast cancer cell line  
were analyzed to reveal the expression of  
P300 in breast cancer cell lines. The effect of 
P300 on proliferation, apoptosis, invasion, and 
migration in breast cancer cell line MCF7 was 
also observed. Our study found that, after E2 
stimulation, the emerging P300 colocalization 
transcription factors were mainly enriched in 
cell proliferation, differentiation, and migra- 
tion. At the same time, we discovered that the 
existence of PAX6 genes from these biological 
processes.

Materials and methods

Cell lines and tissue samples

Human mammary epithelial cell line HBL-100, 
human breast cancer cell lines (including the 
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BT-474, HBL-100, MDA-MB-231, MCF-7) cells 
were purchased from the Chinese Academy of 
Sciences cell library. Cell storage condition 
were in -80°C or liquid nitrogen environment. 
Breast cancer cell lines BT-474 and HBL-100 
were cultured in 1640 medium containing 10% 
FBS and 1% penicillin-streptomycin. At the 
same time, MDA-MB-231 and MCF7 cells were 
cultured in DMEM medium containing 10%  
FBS and 1% penicillin-streptomycin in the cul-
ture condition of 37°C, 5% CO2, and saturated 
humidity.

Thirty estrogen receptor-positive human breast 
cancer tissue samples and adjacent tissues 
with lymph node metastasis were collected. 
Another 30-estrogen receptor-positive human 
breast cancer tissue samples and adjacent  
tissues without lymph node metastasis were 
also collected. The human tissue experiments 
were approved by the Ethics Committee of  
the Medical University of Inner Mongolia [No. 
YKD202101216]. 

Quantitative real-time polymerase chain reac-
tion (PCR)

The cellular RNA was extracted using Trizol 
(Guochang Dingsheng Biotechnology Co., Ltd., 
Beijing, China) from breast cancer cell lines 
BT-474, MDA-MB-231, and MCF-7. The cellular 
RNA was also extracted from normal breast  
cell line HBL-100 at 1×106 cell numbers to 
quantify the expression of PAX6 and P300. 
RNA was extracted from paraffin-embedded 
tissue sections using a total RNA extraction kit 
(TIANGEN Biochemical Technology Co., Ltd.).

According to the RNA extraction kit, RNA sam-
ples were reversed transcribed into cDNA, and 
quantitative real-time PCR was accomplish- 
ed. The primers used were synthesized by 
Shanghai Invitrogen Biotechnology Co., Ltd. 
The primers in details were: GAPDH Forward 
primer: 5’-AAGGTGGTGAAGCAGGCGTCG-3’, GA- 
PDH Reverse primer: 5’-AATGCCAGCCCCAGC- 
GTCAAAG-3’; PAX6 Forward primer: 5’-AGAC- 
ACACATGAACAGTCAGCCAAT-3’, PAX6 Reverse 
primer: 5’-TTGAGACATATCAGGTTCACTTCCG-3’; 
P300 Forward primer: 5’-CGCTTTGTCTACAC- 
CTGCAATGAAT-3’, P300 Reverse primer: 5’- 
CCTAGTTTCTCCATTTTGTGGTCAT-3’; MMP9 For- 
ward primer: 5’-CGTGAAGGCGCAGATGGTG-3’, 
MMP9 Reverse primer: 5’-GAAGCGGTCCTGG- 
CAGAAAT-3’; VEGF Forward primer: 5’-CACCA- 

AGGCCAGCACATAGG-3’, VEGF Reverse primer: 
5’-GGAACATTTACACGTCTGCGGAT-3’; uPA For- 
ward primer: 5’-ACCGACTATCTCTATCCGGAGCA- 
GC-3’, uPA Reverse primer: 5’-GGGTCAGCAGC- 
ACACAGCATTTT-3’. The data were stored using 
the Primer software. The 2-ΔΔCt method was 
used to show changes in gene expression rela-
tive to the reference gene (GAPDH).

Western blotting analysis

The cells were suspended and disrupted in 
RIPA lysis buffer (#p0013B, Beyotime Biotech- 
nology Co., Ltd., Shanghai, China) containing 
phenylmethylsulphonyl fluoride (PMSF, 1 mM). 
The cells were centrifuged at 12000 g for 5  
min at 4°C. The protein concentration in the 
supernatant was detected using a BCA Protein 
Assay Kit (Beyotime Biotechnology Co., Ltd., 
Shanghai, China). Protein specimens were  
parted by SDS-PAGE and transferred to polyvi-
nylidene difluoride membranes (#IPVH00010, 
Millipore, USA). The membranes were sealed  
in the BSA TBS buffer system (Wuhan Boster 
Biological Technology., LTD.) and incubated  
with P300 (#ab195045, Abcam) and PAX6 
(#ab10485, Abcam) antibodies overnight at 
4°C. The blots were incubated with Goat anti-
rabbit IgG (H+L)-HRP secondary antibody 
(#111-035-003, 1:5000, Jackson Immuno 
Research, American) at room temperature for  
2 h and emerged by enhanced chemilumines-
cence plus reagents (Millipore, USA). All the 
experiments mentioned above used GAPDH as 
an internal reference.

The detection of cell activity, including cell 
invasion and migration 

After transfection of mature cells, the effects  
of siP300-1, siP300-2, and siP300-3 on the 
proliferation and apoptosis of breast cancer 
cell MCF-7 were detected by CCK-8 and flow 
cytometry (FACSCalibur, BD, USA). Besides,  
cell wound scratch assay, and transwell inva-
sion assay were performed. This was per-
formed to detect the inhibition effects of 
siP300-1 on migration and invasion in breast 
cancer cell line MCF-7.

Statistical analysis

GraphPad Prism software (GraphPad, San 
Diego, USA) was used to analyze data and  
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generate pictures. All the data were expressed 
as the mean ± standard deviation (SD). We 
used triplicate data for accuracy and analyzed 
data with SPSS V17.0 software (SPSS Inc., 
Chicago, IL, USA). The student’s two-tailed 
t-test was used to identify significant differenc-
es between sample means. The mean, among 
groups was compared by one-way analysis of 
variance (ANOVA) followed by a Dunnett post-
test to compare groups to the corresponding 
control. *P < 0.05 was considered statistically 
significant.

Results

PAX6 and P300 expression in breast cancer

Quantitative RT-PCR was used to detect the 
PAX6 and P300 expression in various human 
breast cancer cell lines. The results showed 
that, when compared to the non-tumorigenic 
cell line HBL-100, the expression of PAX6 was 
significantly higher in BT-474 and lower in  
MDA-MB-231 and MCF-7 cell lines (P < 0.01) 
(Figure 1A). Also, the expression of P300 in  

that after transfecting siP300-1, the expres-
sion of P300 in breast cancer cell line MCF-7 
was reduced significantly. However, the control 
group and the untransfected group did not  
significantly differ (Figure 2B). Besides, the 
expression of PAX6 was determined after 
silencing P300. We found that after silencing 
P300 in breast cancer cell line MCF-7, the 
expression of PAX6 was also reduced signifi-
cantly, which confirmed the regulatory effects 
of P300 on the expression of PAX6 (Figure 2C).

Expression changes of MMP9, VEGF, and uPA 
after knock-out of the P300 gene

Changes in breast cancer cell metastasis abili-
ty after the knock-out of the P300 gene were 
studied by detecting the expression of marker 
genes MMP9, VEGF, and activator urokinase 
(uPA) which are associated with tumor inva- 
sion and metastasis. The results showed that 
siP300-1, siP300-2, and siP300-3 could inhi- 
bit the expression of uPA in breast cancer cell 
line MCF-7 (P < 0.05), among which the inhibi-
tory effect of siP300-2 was the greatest (P < 

Figure 1. RNA expression of PAX6 and P300 in breast cancer cells.

the BT-474 and MDA-MB-231 
cell lines was significantly 
higher than that of P300 in 
HBL-100 (P < 0.01) (Figure 
1B).

Inhibition effects of siRNA on 
the expression of P300

In this study, three groups of 
siRNAs (siP300-1, siP300-2, 
and siP300-3) were used to 
silence the expression of 
P300 in breast cancer cells. 
According to previous studies 
published, P300 is mainly 
expressed in MCF cells. By 
transfecting breast cancer 
MCF-7 cells, we found that 
siP300-1, siP300-2, and si- 
P300-3 could inhibit the 
expression of P300. The inhi-
bition efficiency of siP300-1 
was the highest, followed by 
siP300-3 and siP300-2 (Fi- 
gure 2A). We further explor- 
ed the inhibition efficiency of 
siP300-1 at the protein level. 
Western blot results showed 
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0.01) (Figure 3A). On the other hand, the inhi- 
bitory effect of siP300-1 on the expression of 
MMP9 in breast cancer cell line MCF-7 was  
the most prominent (P < 0.01), followed by 
siP300-2 (P < 0.05). However, siP300-3 did  
not show significant inhibitory effects (Figure 
3B). As for the expression of VEGF in breast 
cancer cell line MCF-7, only siP300-1 demon-
strated significant inhibitory effects (P < 0.05), 
whereas siP300-2 and siP300-3, did not 
(Figure 3C).

Influence on MCF-7 cell proliferation after 
P300 gene was knocked out

The influence on MCF-7 cell proliferation after 
knock-out of the P300 gene was determined  
by testing proliferation changes in MCF-7 cells. 

This was after the transfection of siP300-1, 
siP300-2, and siP300-3. The results showed 
that after transfection for two days, the prolif-
eration of breast cancer MCF-7 cells was sig- 
nificantly inhibited by siP300-2 (P < 0.05), but 
the inhibitory effects of siP300-1 and siP300- 
3 were not observed. After transfection for 
three days, the proliferation of breast cancer 
MCF-7 cells was significantly inhibited by eith- 
er siP300-1, siP300-2, or siP300-3 (P < 0.05); 
however, no significant difference was noted. 
After transfection for four days, the inhibitory 
effects of siP300-1, siP300-2, and siP300-3 
on MCF-7 cell proliferation were more promi-
nent. When compared to the control groups, 
siRNA was found to inhibit the proliferation of 
breast cancer cell line MCF-7 significantly (P < 
0.01) (Figure 4).

Figure 2. The inhibitory effects of siRNA on the 
expression of P300. A: The inhibitory effect 
of siP300-1, siP300-2, and siP300-3 on the 
expression of P300 in breast cancer cell line 
MCF-7 (mRNA level); B: The inhibitory effect of 
siP300-1 on the expression of PAX6 in breast 
cancer cell line MCF-7 (protein level); C: The 
inhibitory effect of siP300-1 on the expression 
of P300 in breast cancer cell line MCF-7 (pro-
tein level); * and *** represent significantly 
different at P < 0.05 and 0.001, respectively.
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Influence on MCF-7 cell apoptosis after the 
P300 gene was knocked out

This study observed that the proliferation of 
MCF-7 breast cancer cells could be inhibited 
significantly after the P300 gene was knocked 
out. Therefore, we further studied the influ- 
ence on MCF-7 cell apoptosis after the P300 
gene was knocked out. Flow cytometry, in 
Figure 5, demonstrated that the cell apopto- 
sis rate of the NC group was 18.22% (Annexin 
V-positive region, 12.5% in the second quad-

VEGF, and uPA were inhibited significantly after 
the P300 gene was knocked out. Therefore,  
we further studied MCF-7 cell migration and 
invasion after the P300 gene was knocked out 
using healing and Transwell invasion assays.  
As shown in Figure 6, the healing distance of 
breast cancer cells was significantly shorter 
after the siP300-1 intervention for 48 hours 
compared to the control group. The healing 
degree of untreated MCF-7 cells had no signifi-
cant difference from the siNC group. The slow 
scratch healing illustrated that silencing of 

Figure 3. The effects of siP300 on the expression of 
MMP9, VEGF, and uPA. A: The inhibitory effect of siP300-
1, siP300-2, and siP300-3 on the expression of uPA in 
breast cancer cell line MCF-7 (mRNA level); B: The inhibi-
tory effect of siP300-1, siP300-2, and siP300-3 on the ex-
pression of MMP9 in breast cancer cell line MCF-7 (mRNA 
level); C: The inhibitory effect of siP300-1, siP300-2 and 
siP300-3 on the expression of VEGF in breast cancer cell 
line MCF-7 (mRNA level); *, ** and *** represent signifi-
cantly different at P < 0.05, 0.01 and 0.001, respectively. 
NS represents no significant difference.

Figure 4. Cell viability. *, ** and *** represent significantly different at P < 
0.05, 0.01 and 0.001, respectively. NS represents no significant difference.

rant, 5.72% in the fourth  
quadrant). In contrast, the 
apoptosis rate of siP300- 
1, siP300-2, and siP300-3 
groups were 18.60% and 
17.94%, respectively. No sig-
nificant difference in the ap- 
optosis rate was observed 
among the four groups, which 
indicated that silencing of 
P300 could not significantly 
influence the apoptosis of 
MCF-7 cells.

Influence on MCF-7 cell 
migration and invasion after 
P300 gene was knocked out

The above results showed 
that marker genes MMP9, 
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P300 inhibited the migration of breast cancer 
cells. In addition, we also found that breast  
cancer MCF-7 cell invasion ability was signifi-
cantly inhibited by P300 silencing. As shown in 
Figure 7, there was no significant difference in 
the number of invasive MCF-7 cells between 
untreated and siNC groups. In contrast, the 
number of invasive cells was reduced signifi-
cantly after siP300-1 intervention for 24 hours.

The expression of PAX6 and P300 in breast 
cancer

The expression of PAX6 and P300 was further 
revealed in breast cancer. The correlation 
between their expression and lymph node 
metastasis was investigated. The result show- 
ed that the expression of P300 and PAX6 in 
peritumoral tissue (non-cancerous tissue) was 
lower than cancerous tissues (P < 0.05). 
Besides, the expression of P300 and PAX6 in 
breast cancer tissue samples of patients with 
lymph node metastasis was significantly high- 
er than those without metastasis (P < 0.05) 
(Figure 8).

Further, the decrease of P300 gene expres- 
sion could also inhibit tumor invasion and 
metastasis gene MMP9, VEGF, and uPA and 
their invasion and migration. Our study shows 
that siRNAs could inhibit the expression of uPA 
in breast cancer cell line MCF-7. The inhibitory 
effect of siP300-2 was the greatest. However, 
as for the MMP9 in breast cancer cell line  
MCF-7, siP300-1 was more prominent than 
siP300-2, whereas, for VEGF in breast cancer 
cell line MCF-7, only siP300-1 was most sig- 
nificant. Besides, after silencing P300, the 
expression of PAX6 in breast cancer cell line 
MCF-7 also decreases significantly. Our results 
confirmed that P300 plays a crucial role in pro-
moting breast cancer tumorigenesis and pro-
moting cancer metastasis. PAX6 may also be 
involved in this process.

It should be noted that studies have shown  
that the uPA can promote cell invasion and 
angiogenesis. This can be done by degrading 
the extracellular matrix and basement mem-
brane components such as fibronectin, la- 
minin, and collagen and promoting the secre-

Figure 5. Cell apoptosis. 

Discussion

In this study, we investigat- 
ed the function of P300 in 
breast cancer proliferation, 
invasion, and metastasis. Ini- 
tially, three groups of siRNAs 
were constructed. PCR, west-
ern blot, CCK-8, flow cytome-
try, cell wound scratch assay, 
and transwell invasion assays 
were performed. P300 has 
been suggested to promote 
tumorigenesis and breast  
cancer development. When 
the P300 gene was knock- 
ed out, the proliferation of 
breast cancer cell line MCF-7 
was been significantly inhibit-
ed. However, the inhibitory 
effects of siP300-1 and 
siP300-3 were not observed. 
At the same time, the level  
of apoptosis was not affect- 
ed. Histone acetyltransferase 
P300 is a crucial transcrip-
tional coactivator and has 
been implicated as a poor 
prognostic factor in human 
cancers. 
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tions of MMP9, VEGF [23]. It has also been 
reported that reduced p300 expression is cor-
related with increased expression of epithelial 
markers and decreased expression of mesen-
chymal markers. This suggests that EMT is a 
potential mechanism of P300, promoting cell 
migration and invasion. Paired box 6 (PAX) has 
been reported to play a crucial role in regulat- 
ing cell proliferation, self-renewal, and apopto-
sis and even participate in the migration and 
differentiation programs of NSCLC [24].

This study did not find any significant differ- 
ence in the rate of apoptosis observed among 
the four groups. This means that P300 silenc-
ing did not influence the apoptosis of MCF-7.  
On the other hand, the cell invasion ability of 
MCF-7 cells was significantly inhibited by P300 

silencing. However, there was no significant dif-
ference in the number of invasive MCF-7 cells 
between untreated and siNC groups.

Subsequently, this study found that P300 and 
PAX6 expression in non-cancerous tissues 
were lower than cancerous tissues. Never- 
theless, P300 and PAX6 expression in breast 
cancer tissue samples of patients with lymph 
node metastasis were significantly higher than 
those without metastasis. P300 cooperated 
with CREPT, leading to elevated active histone 
acetylation markers and decreased repres- 
sive histone markers at the promoters of Wnt 
downstream targets. This plays a pivotal onco-
genic role in colorectal carcinogenesis by pro-
moting the Wnt/β-catenin pathway [23]. How- 
ever, the limitation of our study is that we have 

Figure 6. Cell migration. 

Figure 7. Transwell invasion assay. 
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not confirmed the promoting tumor mechanism 
of P300, and we will plan it in our future work.
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