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Objectives: This study investigated the prognostic value of PIK3CA and
TP53 during a 6-year follow-up of breast cancer patients. We also an-
alyzed the impact of other factors on progression-free survival (PFS)
and patients' overall survival (OS). Methods: The expression of estro-
gen receptor (ER), progesterone receptor (PR), and Ki67 in cancer tis-
sues was detected by immunohistochemistry. For each patient, Epi-
dermal Growth Factor Receptor 2 (HER2 was evaluated using fluo-
rescence in situ hybridization (FISH). Sanger sequencing was used to
detect hotspot mutations in PIK3CA and TP53 genes. Results: Lymph
node metastasis is the most important factor affecting the patient's
prognosis (74.3% vs. 81.6%, p = 0.04). The mutation rates of PIK3CA
and TP53 in Triple-negative breast cancer (TNBC) patients were sig-
nificantly higher than those of other breast cancer types (29.4% vs.
3.6%, p = 0.002). In TNBC, the PFS of patients with PIK3CA and TP53
mutations is poorer than non-carriers (0% vs. 75%, p = 0.003). The
OS of breast cancer patients in Yunnan Province is lower than that
of regions with rapid economic development in China (78.08% vs.
90.5%). Conclusions: Our results indicate that PIK3CA and TP53 muta-
tions are poor prognostic factors for patients with TNBC. PIK3CA and
TP53 mutations could be used as a predictor for prognosis in TNBC
patients.
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1. Introduction
In recent years, breast cancer (BC) incidence has rapidly

increased. According to the latest global cancer report, BC
has become one of the leading lethal factors among females
[1]. PIK3CA and TP53 are the genes highly related to BC [2–
4]. Phosphatidylinositol 3-kinase catalytic subunit α gene
was first used byVolinia to locate the 3q26.3 gene by in situ hy-
bridization technology [5]. It contains 20 exons and encodes
the p110a catalytic subunit of class I P13K. About 80%–90%
of PIK3CA gene mutations are concentrated in the 9th and
20th exon of the gene, corresponding to the helical region
and the kinase region of the enzyme. It is a non-randomhigh-
frequency mutation that shows its importance in tumorigen-
esis.

The wild-type TP53 gene is a tumor suppressor gene with
extensive tumor suppressor effect. Its main functions in-
clude: inducing cell cycle arrest; promoting DNA repair and
cell apoptosis, thereby avoiding the accumulation of damaged
DNA; maintaining the genome’s stability; regulating cell dif-
ferentiation and senescence; and inhibiting tumor vascular
proliferation. The protein expressed by wild-type TP53 is a
very important apoptosis-inducing protein, but the p53 pro-
tein encoded by the TP53 in normal cells has a short half-
life of about 20 minutes. It has a low content so it is diffi-
cult to detect by immunohistochemical methods. The mu-
tant TP53 is a cancer-promoting gene [6]. The frequency of
mutations varies with the histologic and biochemical char-
acteristics of the type of breast cancer, being more common
in ductal vs. lobular, lymph-node positive vs. lymph-node
negative, ER-negative vs ER-positive, and HER2-positive vs
HER2-negative cases [7]. Evidence suggests that 95.1% of the
TP53 point mutations in tumors mainly occur at the highly
conserved positions 175, 245, 248, 249, 273, and 282 [8]. The
occurrence of this mutation causes p53 to suppress cancer
with the loss of this activity promoting the malignant trans-
formation of cells, thereby transforming tumor suppressor
genes into oncogenes [9]. Due to changes in the protein’s
primary structure, the transformation and metabolism of the
p53 protein in the cell slows down and its half-life is signif-
icantly prolonged. It can be detected by immunohistochem-
istry for a range of 2 to 12 hours. Therefore, the p53 protein
detected by the immunohistochemical method is the protein
expressed by the mutant TP53, which is a cancer-promoting
factor. The TP53 mutation occurs in 30–35% of invasive pri-
mary BC.

BC’s incidence is positively correlated with the national
economic level; it is much higher in developed countries
than in moderately developed countries. However, most
BC deaths occur in middle-income countries because most
women in those countries cannot get regular health checks
or afford expensive targeted drugs [10]. In China, BC sur-
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vival rates vary widely from region to region. In this study,
we collected 73 cases of breast cancer in Yunnan province,
an underdeveloped area in southwest China, and conducted
long-term 6+ year follow-up to study the related factors of
PFS and OS.

2. Methods
2.1 Patients and tissue samples

Seventy-three BC patients were selected from 2013 to
2014 in Yunnan province in southwest China. All patients
were treated by the Breast Cancer Diagnosis and Treat-
ment Guidelines formulated by the Chinese Society of Clin-
ical Oncology, 2014 edition, China. The follow-up time
was 84 months to 96 months, with an average of 6.5 years.
The clinical data of all patients collected from the hospital
records include age, tumor size, and lymph node metastasis
(SupplementaryTable 1). TheAffiliatedHospital approved
this study of Kunming University of Science and Technology
(Approval number: 2013PYICE006). All enrolled patients
signed the informed consent form for this study.

2.2 Immunohistochemistry

KUSTAging and TumorMolecular Laboratory tested the
expression levels of ER, PR, Ki67, and TP53, mutations of
PIK3CA, andTP53. Positive localization of ER, PR, andTP53 is
in the nucleus. The positivity of ER, PR and TP53 with more
than 1% of tumor nuclei are brown or tan. Patients with Ki67
≤20% are considered low expression and Ki67 higher than
20% is considered high expression.

2.3 Fluorescence in situ hybridization

The patient’s Human Epidermal Growth Factor Receptor
2 (HER2) status was based on the Fluorescence In Situ Hy-
bridization (FISH) results. The FISH experiment was car-
ried out with Hercep Test For the Automated Link Platform
Kit in FFPE samples, and 20 cells from each region were se-
lected for analysis. In the count 20 tumor cells, orange rep-
resents HER2 signal, and the green represents CEP17 signal.
HER2/CEP17≥2.0 suggests that HER2 amplification is pos-
itive. HER2/CEP17 <2.0 with the average HER2 gene copy
number ≥6.0 indicates that HER2 amplification is positive.
Meanwhile, HER2/CEP17<2.0 with the average copy num-
ber of HER2 gene<4.0, suggests negative HER2 gene ampli-
fication. When the HER2/CEP17 ratio is less than 2.0 and
the average HER2 gene copy number is greater than or equal
to 4.0 and less than 6.0, the HER2 amplification is uncertain.

2.4 Sanger sequencing

According to the manufacturer’s instructions, DNA was
extracted from FFPE breast tumor specimens using the QI-
Aamp DNA FFEP Tissue Kit with design primers for exons
5–8 of TP53 and exons 9 and 20 of PIK3CA (Supplementary
Table 2). All fragments were sequenced using the BigDye
Terminator Cycle Sequencing Kit and ABI7500 automated
sequencer (Applied Bio-systems). Independent PCRs and
Sanger sequencing confirmed that eachmutation is duplicate.

Table 1. Basic clinical information of the 73 patients with
breast cancer.

Characteristic
Overall cohort (n = 73)

n (%)

Age (y) Median (range) 49 (24–74)

Tumor size (cm)
≤2 45 (62%)
>2 28 (38%)

Molecular classification
luminal A 13 (18%)
luminal B 35 (48%)
HER2 overexpression 8 (11%)
Basal-like 17 (23%)

Lymph node
Negative 35 (48%)
Positive 38 (52%)

ER
Negative 47 (64%)
Positive 26 (36%)

PR
Negative 41 (56%)
Positive 32 (44%)

HER2
Negative 32 (44%)
Positive 41 (56%)

Ki67 high expression
Negative 36 (49%)
Positive 37 (47%)

TP53 expression
Negative 56 (77%)
Positive 17 (23%)

TP53 mutation
Negative 63 (86%)
Positive 10 (14%)

PIK3CAmutation
Negative 37 (51%)
Positive 36 (49%)

2.5 Statistics

Statistical analysis was performed using the SPSS 20.0
software (IBM Corp., Chicago, IL, USA). OS and PFS curves
were calculated by the Graphpad Prism software version 6.0
(GraphPad Software Inc., San Diego, CA, USA) and com-
pared by long-rank tests. A p-value < 0.05 was considered
significant.

3. Results
The basic clinical information for the patients included in

this study is shown in Table 1. As shown in Fig. 1, PIK3CA
mutation was significant and positively correlated with tu-
mor size (p < 0.05). Lymph node metastasis was highly cor-
related with PR expression (p< 0.05) while the expression of
ER is highly correlated with PR and HER2 (p< 0.05).
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Fig. 1. Correlation between clinical data. PIK3CA and tumor size, lymph node metastasis and PR expression, ER expression and PR expression, ER
expression and HER2 are highly correlated (p< 0.05).

The PIK3CA positive rates of different types of BC are Lu-
minal A (31%), Luminal B (43%), HER2+ (50%), and TNBC
(53%). The TP53 positive rates of different types of BC are
Luminal A (15%), Luminal B (7%), HER2+ (38%), and TNBC
(30%). The patients’ co-mutation of TP53 and PIK3CA in
TNBC is higher than that of other types (29.4% vs. 3.6%, p
= 0.002) (Supplementary Table 3).

Lymph node metastasis has a greater correlation with the
OS of BC patients. The OS of patients with lymph node
metastasis is lower than that of patients without lymph node
metastasis (74.3% vs. 81.6%, p = 0.04) (Fig. 2).

By the last telephone follow-up, five patients with PIK3CA
and TP53 mutations in TNBC had recurrence or metastases.
We found that TNBC patients with PIK3CA and p53 muta-
tions have shorter PFS than patients without these two mu-
tations (Fig. 3).

4. Discussion
Data on BC rates in economically developed areas are eas-

ier to obtain [11], but these data are relatively scarce in eco-
nomically underdeveloped areas.

In the United States, BC survival rate continues to rise,
and the 5-year relative survival rate of early BC has reached
90%–99% [12]. The 5-year survival rate of BC patients in this
studywas 78.08%, similar to survival observed 30 years ago in
developed countries [13], which is lower than that of devel-
oped countries [14, 15] and other developed regions in China

(78.08% vs. 90.5%) [16]. However, it is higher than in most
countries in sub-Saharan Africa [17].

Lymph nodes were an important predictor of survival.
Leonel et al. [18] retrospectively analyzed 1711 breast can-
cer patients, and the results showed that the prognosis of BC
patients is closely related to lymph node metastasis but has
nothing to do with the number of lymph nodes involved.
This is similar to our research findings.

There was no significant difference in PFS and OS of pa-
tients with different histologic types of breast cancer. This
may be due to the small number of patients studied and insuf-
ficient follow-up time. To this end, we are continuing to en-
roll patients and continue telephone follow up with patients.

In this study, we found that the mutation rate of PIK3CA
and TP53 in TNBC patients is higher than that of HR+ breast
cancer patients and is significantly related to the shorten-
ing of PFS. However, according to the results of other stud-
ies, PIK3CA mutations occur less frequently in TNBC com-
pared with HR+ and HER2+ type [19]. Saal et al. [20] re-
ported a significant positive association between PIK3CAmu-
tations and HER2 overexpression, suggesting that more than
one mechanism is involved in activating the negative effect
of PI3K/AKT/mTOR signaling and is associated with poor
prognosis in metastatic breast cancer. In the present study,
we failed to show a significant association betweenHER2 am-
plification and PIK3CAmutations. TNBC is a type of BCwith
a high recurrence rate and a poor prognosis, accounting for
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Fig. 2. Lymph nodemetastasis is a predictor of poor prognosis. Whether lymph node metastasis has a greater impact on the BC patient’s OS (p = 0.04).

Fig. 3. PFS of TNBCwith or without PIK3CA and TP53mutations. The appearance of PIK3CA and TP53 mutations heralds the poor prognosis of TNBC.

15%–20% of breast cancers. With the absence of the expres-
sion of ER, PR, and HER2 in TNBC, endocrine therapy and
HER2 targeted therapy cannot be used to treat TNBC. Com-
pared with other types of BC, TNBC has a higher sensitivity
to chemotherapy drugs.

The mutation of PIK3CA gene is most common in breast
cancer along with TP53 tumor suppressor gene. One of the
genetic mutations can occur in more than 40% of breast can-
cer patients [21]. Although the mutations of PIK3CA gene
were scattered in most exons, there were three hot spots,
namely e542k, e545k and h1047r. E542k and e545k were lo-
cated in the helix region of PIK3CA gene exon 9, while h1047r
was located in the kinase region of exon 20. This study found
that the mutation of PIK3CA gene is related to the resistance
of breast cancer patients to anticancer drugs trastuzumab and
rapatinib [22]. The mutation of PIK3CA gene is correlated
with the prognosis of breast cancer [23]. All these indicate

the important role of PIK3CA gene mutation in breast cancer.
The mutation rates of PIK3CA and TP53 in Triple-negative
breast cancer (TNBC) patients were significantly higher than
in those of other types. In TNBC, the PFS of patients with
PIK3CA and TP53mutations is lower than in those with non-
mutations. Pathogenic mutations in PIK3CA will cause it
to encode abnormal p110a subunits, keep the P13K enzyme
in a continuous activation state, enhance intracellular signal
transduction, and cause cells to proliferate uncontrollably and
form tumors [24]. PI3K/AKT/mTOR signaling pathway is
related to the pathogenesis of TNBC [25]. Mutations in these
two genes may lead to a poorer prognosis for breast cancer.
Besides, PTEN and INPP4B phosphatase are frequently lost in
TNBC. The inactivation of PTEN in animal models can lead
to “basic-like” BC. Therefore, researchers have been work-
ing to develop drugs that target PI3K more precisely to im-
prove BC treatment. Alpelisib, combined with fulvestrant, is
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now available for postmenopausal women with advanced or
metastatic hormone receptor(HR)-positive, HER2-negative,
PIK3CA-mutated BC [26]. Besides, promising data have
been observed in randomized phase II trials of AKT in-
hibitors combined with fulvestrant or paclitaxel in metastatic
HR-positive, HER2-negative disease, and Triple-negative
breast cancer (TNBC) [27]. A further study has suggested
that aspirin can prolong the metastasis time of breast cancer
patients with PIK3CAmutation [28].

PTEN gene is composed of 9 exons and encodes a protein
of 403 amino acids. It has dual specificity phosphatase activ-
ity. The decrease of PTEN expression level is related to the
occurrence of malignant tumors. PTEN, as phosphatase, can
inhibit the PI3K/Akt pathway. It can activate capase-3 and
capase-9 to promote apoptosis while also it can activate bad
and Bcl-2 family to resist apoptosis; It also prevents the re-
lease of cytochrome C from mitochondria and promotes the
inactivation of transcription factors. PTEN/PI3K can regulate
the concentration of PIP3 andmaintain the balance of Akt ac-
tivity. Inactivation of PTEN will lead to the loss of function
of PTEN encoded protein and inhibition of PI3K/Akt.

In BC, the prevalence of TP53 mutations depends on the
molecular subtype of the disease, being present in approxi-
mately 80% of patients with the TNBC, 10% of samples from
patients with luminal A disease, 30% of those with luminal
B type, and 70% of those with HER2+ BC. Because of this
high prevalence, mutated p53 is a potential biomarker and
therapeutic target for BC patients, especially those with the
TN subtype [29]. Many studies have shown that the mu-
tation of TP53 predicts the poor prognosis for breast cancer
[30, 31]. The mutation of TP53 leads to the loss of the func-
tion of its tumor suppressor gene and leads to malignant ex-
pression [28]. Nevertheless, TP53 has not been considered
a target for drug therapy. This view is beginning to change
as some compounds have recently been shown to reactivate
mutant TP53, restore its wild-type properties, and mediate
the anti-cancer activity of mutant p53 expressed in preclini-
cal tumor models. Some of these mutant compounds, such as
3-quinuclidine, PRIMA-1, APR-246, PK11007, and COTI-2
have been studied for their potential anti-cancer activity BC
models [32].

Singh et al. [33] and Astanehe et al. [34] reported that
PIK3CAmutations and TP53 mutations were mutually exclu-
sive. Differing from their result, we have not found a signif-
icant association between PIK3CA mutations and P53 muta-
tion. In this study, the mutation rate of PI3K gene (29.4%)
was higher than that of TP53 gene (3.6%). These results in-
dicate that PI3K/Akt pathway plays an important role in the
development of breast cancer. In addition, the PFS and OS of
breast cancer patients with PIK3CA and TP53 gene mutations
were significantly lower than those without mutations, sug-
gesting that gene mutation is one of the predictors of poor
prognosis in breast cancer patients. In conclusion, our re-
sults suggested that patients with PIK3CA and P53 mutation
present were a disadvantaged and unfavorable group of pa-

tients during a long follow-up. Further research is needed to
study how to use these molecular biomarkers to identify pa-
tients who do not require chemotherapy but may be effective
for targeted therapy. This may stimulate physicians to advise
PIK3CA and TP53 mutation screening in clinical practice to
avoid unnecessary treatment. Besides, in economically un-
derdeveloped areas, regular physical examinations and stan-
dardized treatment are themost importantmeans to improve
the OS of BC patients.

Author contributions
YZ and WT collected the samples and performed the re-

search. LS and DX provided help on the experiments. MS
and YL analyzed the data. All authors contributed to edito-
rial changes in themanuscript. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
The study was conducted in accordance with the Declara-

tion of Helsinki, and the protocol was approved by the Ethics
Committee ofMedical College of Kunming University of sci-
ence and technology.

Acknowledgment
We would like to express our gratitude to all those who

helped us during the writing of this manuscript, and all the
peer reviewers for their opinions and suggestions.

Funding
This work was supported by Yunnan Province Science

and Technology Program (grant number 202101AT070071)
and the National Natural Science Foundation of China (grant
number 81760262).

Conflict of interest
The authors declare no conflict of interest.

Supplementarymaterial
Supplementary material associated with this article can be

found, in the online version, at https://ejgo.imrpress.com/
EN/10.31083/j.ejgo4206191.

Statement
The datasets used or analyzed during the current study are

available from the corresponding author on reasonable re-
quest.

References
[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.

Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide 36 cancers in 185 countries. CA: A Can-
cer Journal for Clinicians. 2018; 68: 394–424.

[2] Lawrence MS, Stojanov P, Mermel CH, Robinson JT, Garraway
LA, Golub TR, et al. Discovery and saturation analysis of cancer
genes across 21 tumour types. Nature. 2014; 505: 495–501.

[3] Yaeger R, Chatila WK, Lipsyc MD, Hechtman JF, Cercek A,
Sanchez-Vega F, et al. Clinical Sequencing Defines the Genomic

1324 Volume 42, Number 6, 2021

https://ejgo.imrpress.com/EN/10.31083/j.ejgo4206191
https://ejgo.imrpress.com/EN/10.31083/j.ejgo4206191


Landscape of Metastatic Colorectal Cancer. Cancer Cell. 2018; 33:
125–136.e3.

[4] Cancer Genome Atlas Network. Comprehensive molecular por-
traits of human breast tumours. Nature. 2012; 490: 61–70.

[5] Volinia S, Hiles I, Ormondroyd E, Nizetic D, Antonacci R, Rocchi
M, et al. Molecular cloning, cDNA sequence, and chromosomal lo-
calization of the human phosphatidylinositol 3-kinase p110 alpha
(PIK3CA) gene. Genomics. 1994; 24: 472–477.

[6] Magri J, Gasparetto A, Conti L, Calautti E, Cossu C, Ruiu R, et
al. Tumor-Associated Antigen xCT andMutant-p53 asMolecular
Targets for NewCombinatorial Antitumor Strategies. Cells. 2021;
10: 108.

[7] Silwal-Pandit L, Vollan HKM, Chin S, Rueda OM, McKinney S,
Osako T, et al. TP53 Mutation Spectrum in Breast Cancer is Sub-
type Specific and has Distinct Prognostic Relevance. Clinical Can-
cer Research. 2014; 20: 3569–3580.

[8] Nik-Zainal S, Davies H, Staaf J, Ramakrishna M, Glodzik D, Zou
X, et al. Landscape of somatic mutations in 560 breast cancer
whole-genome sequences. Nature. 2016; 534: 47–54.

[9] Kadosh E, Snir-Alkalay I, Venkatachalam A, May S, Lasry A,
Elyada E, et al. The gut microbiome switches mutant p53 from
tumour-suppressive to oncogenic. Nature. 2020; 586: 133–138.

[10] Ji P, Gong Y, Jin ML, Hu X, Di GH, Shao ZM. The Burden and
Trends of Breast Cancer From 1990 to 2017 at the Global, Re-
gional, and National Levels: Results From the Global Burden of
Disease Study 2017. Frontiers in Oncology. 2020; 10: 650.

[11] Australian Institute of Health and Welfare. Cancer survival and
prevalence in Australia: period estimates from 1982 to 2010. Asia-
Pacific Journal of Clinical Oncology. 2013; 9: 29–39.

[12] Siegel RL,Miller KD, Jemal A. Cancer statistics, 2019. CA: A Can-
cer Journal for Clinicians. 2019; 69: 7–34.

[13] Sharma R. Breast cancer incidence, mortality and mortality-to-
incidence ratio (MIR) are associated with human development,
1990–2016: evidence from Global Burden of Disease Study 2016.
Breast Cancer. 2019; 26: 428–445.

[14] Guo F, Kuo Y, Shih YCT, Giordano SH, Berenson AB. Trends in
breast cancer mortality by stage at diagnosis among young women
in the United States. Cancer. 2018; 124: 3500–3509.

[15] ZielonkeN,GiniA, JansenEEL,AnttilaA, SegnanN, Ponti A, et al.
Evidence for reducing cancer-specific mortality due to screening
for breast cancer in Europe: a systematic review. European Journal
of Cancer. 2020; 127: 191–206.

[16] Xu L, Duan X, Zhou B, Liu Y, Ye J, Liu Z, et al. Validation of the
CPS+eg and Neo-Bioscore staging systems after preoperative sys-
temic therapy for breast cancer in a single center in China. Breast.
2018; 40: 29–37.

[17] Joko‐Fru WY, Miranda‐Filho A, Soerjomataram I, Egue M,
Akele‐AkpoM, N’da G, et al. Breast cancer survival in sub‐Saharan
Africa by age, stage at diagnosis and human development index: a
population‐based registry study. International Journal of Cancer.
2020; 146: 1208–1218.

[18] Hernandez-Aya LF, Chavez-Macgregor M, Lei X, Meric-
Bernstam F, Buchholz TA, Hsu L, et al. Nodal status and clinical
outcomes in a large cohort of patients with triple-negative breast
cancer. Journal of Clinical Oncology. 2011; 29: 2628–2634.

[19] LoRusso PM. Inhibition of the PI3K/AKT/mTOR Pathway in
Solid Tumors. Journal of Clinical Oncology. 2016; 34: 3803–3815.

[20] Fujimoto Y,Morita TY, Ohashi A, Haeno H, Hakozaki Y, Fujii M,
et al. Combination treatment with a PI3K/Akt/mTOR pathway
inhibitor overcomes resistance to anti-her2 therapy in PIK3CA-
mutant her2-positive breast cancer cells. Scientific Reports. 2020;
10: 21762.

[21] Stemke-Hale K, Gonzalez-Angulo AM, Lluch A, Neve RM, Kuo
W,DaviesM, et al. An integrative genomic and proteomic analysis
of PIK3CA, PTEN, and AKT mutations in breast cancer. Cancer
Research. 2008; 68: 6084–6091.

[22] Wang L, Zhang Q, Zhang J, Sun S, Guo H, Jia Z, et al. PI3K path-
way activation results in low efficacy of both trastuzumab and la-
patinib. BMC Cancer. 2011; 11: 248.

[23] Karakas B, BachmanKE, Park BH.Mutation of the PIK3CA onco-
gene in human cancers. British Journal of Cancer. 2006; 94: 455–
459.

[24] Fruman DA, Chiu H, Hopkins BD, Bagrodia S, Cantley LC, Abra-
ham RT. The PI3K Pathway in Human Disease. Cell. 2017; 170:
605–635.

[25] Liu L, Yan J, Cao Y, Yan Y, Shen X, Yu B, et al. Prolifera-
tion, migration and invasion of triple negative breast cancer cells
are suppressed by berbamine via the PI3K/Akt/MDM2/p53 and
PI3K/Akt/mTOR signaling pathways. Oncology Letters. 2021;
21: 70.

[26] Lian J, XuE,XiY,WangH, BuP,Wang J, et al. Clinical-Pathologic
Analysis of Breast Cancer with PIK3CA Mutations in Chinese
Women. Technology in Cancer Research & Treatment. 2020; 19:
153303382095083.

[27] Ellis H, Ma CX. PI3K Inhibitors in Breast Cancer Therapy. Cur-
rent Oncology Reports. 2019; 21: 110.

[28] McCarthy AM, Kumar NP, He W, Regan S, Welch M, Moy B, et
al. Different associations of tumor PIK3CAmutations and clinical
outcomes according to aspirin use among women with metastatic
hormone receptor positive breast cancer. BMC Cancer. 2020; 20:
347.

[29] DuffyMJ, Synnott NC, Crown J. Mutant p53 in breast cancer: po-
tential as a therapeutic target and biomarker. Breast Cancer Re-
search and Treatment. 2018; 170: 213–219.

[30] Wu J, Li X, SongW, Fang Y, Yu L, Liu S, et al. The roles and appli-
cations of autoantibodies in progression, diagnosis, treatment and
prognosis of human malignant tumours. Autoimmunity Reviews.
2017; 16: 1270–1281.

[31] Kulić A, Sirotković-SkerlevM, Jelisavac-Ćosić S, HercegD, Kovač
Z, Vrbanec D. Anti-p53 antibodies in serum: relationship to tu-
mor biology and prognosis of breast cancer patients. Medical On-
cology. 2010; 27: 887–893.

[32] Hotchkiss RS, Strasser A, McDunn JE, Swanson PE. Cell Death.
New England Journal of Medicine. 2009; 361: 1570–1583.

[33] Singh B. P53 regulates cell survival by inhibiting PIK3CA in squa-
mous cell carcinomas. Genes & Development. 2002; 16: 984–993.

[34] Astanehe A, Arenillas D, Wasserman WW, Leung PCK, Dunn
SE, Davies BR, et al. Expression of Concern: Mechanisms under-
lying p53 regulation of PIK3CA transcription in ovarian surface
epithelium and in ovarian cancer. Journal of Cell Science. 2020;
133: jcs253260.

Volume 42, Number 6, 2021 1325


	1. Introduction
	2. Methods
	2.1 Patients and tissue samples
	2.2 Immunohistochemistry
	2.3 Fluorescence in situ hybridization
	2.4 Sanger sequencing
	2.5 Statistics

	3. Results
	4. Discussion
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	Supplementary material
	Statement
	References

