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Abstract

Background: While mutations in the PIK3CA gene play important 
roles in human breast carcinogenesis, PIK3R1 gene alterations are 
recognized as actionable mutations for clinical cancer treatment. We 
aimed to elucidate the role of PIK3R1 in cell proliferation on breast 
carcinoma and to correlate the PIK3R1 expression with patients’ out-
come using human tumor tissue arrays.

Methods: Using human BT-474 (estrogen receptor (ER)+/human 
epidermal growth factor receptor 2 (HER2)-high) breast carcinoma 
cell line as in vitro model, the role of PIK3R1 in cell proliferation was 
elucidated by knock-down of the PIK3R1 gene (ΔPIK3R1) in this cell 
line. Between January 2000 to December 2015, the records of a cohort 
of 440 patients in our hospital were retrospectively reviewed, includ-
ing patients’ survival. The correlations between PIK3R1 expression 
and patient prognosis, such as overall survival (OS) and disease-free 

survival (DFS), were elucidated by human breast cancer tumor tissue 
array immunostaining.

Results: After the PIK3R1 gene was silenced in the BT-474 line, 
there was an increased cell number and a decrease in the G0G1-
fraction, and increased S-fraction and the S+G2M-fraction for the 
ΔPIK3R1-BT-474 cell line, as compared to their cell wild type (WT) 
line. Western blot analysis showed that decreased PIK3R1 protein 
levels were accompanied by an increase of the p-AKT and p-mTOR 
proteins in the ΔPIK3R1-BT-474 cell line, compared to the equiva-
lent WT line. Using a human tumor tissue array, patients with high-
expressed PIK3R1 protein had better outcomes in terms of DFS and 
OS, compared to those with low-expressed PIK3R1 protein, when 
breast cancer was at an early stage (stage I/II), but not across all stages 
of breast cancer in human patients.

Conclusions: We concluded that downregulated PIK3R1 in BT-474 
cells resulted in an increased cell growth and upregulated AKT-
mTOR signaling. Clinically, the high-expressed PIK3R1 protein in 
tumors correlates positively with patients’ outcome in stage I and II 
breast cancer.

Keywords: Breast cancer; Genetic mutation; PIK3R1; Variants; 
MCF-7

Introduction

Female breast carcinoma is a common malignancy worldwide 
and in Taiwan [1, 2]. Based on protein expression by immu-
nostaining, proliferative capacity in tumors, and gene expres-
sion profiling, breast cancers are categorized into four types, 
namely, human epidermal growth factor receptor 2 (HER2)-
enriched, luminal A, luminal B, and basal-like subtypes [3-6]. 
Molecular subtyping provides optimal treatment strategies that 
correlate well with clinical outcomes [7, 8].

Precision medicine is known to identify accurately ef-
fective therapies for individual cancer patients, which has in-
creased survival rates. This has become possible because of 
the rapid development of human genome sequencing and the 
application of large-scale biological databases to the charac-
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terization of patients, and the results can then be used to guide 
clinical practice. Among the many cancer-related genetic al-
terations, some of them defined as actionable mutations have 
been identified in melanoma [9] and non-small cell lung can-
cer [10] patients. These mutations-related malignancies are 
responsive to a specific target therapy that has a demonstrable 
clinical benefit [11].

There is consensus that therapies using poly (adenosine 
diphosphate (ADP)-ribose) polymerase (PARP) inhibitors re-
sult in significantly improved survival outcomes for patients 
with BRCA1/BRCA2 mutation-associated breast carcinoma 
[12, 13]. Recent evidence suggests an important role for the 
phosphatidylinositol 3-kinase (PI3K) catalytic subunit, PIK-
3CA, in human breast cancers [14-16]. Nonetheless, the exact 
role of PIK3R1 in human breast carcinoma and its clinical im-
pact have not been explored in depth up to now.

PI3K is composed of a 110 kD catalytic subunit (PIK3CA) 
and a regulatory subunit (85 kD, 55/50 kD) [17]. The PI3K 
regulatory subunit1 (PIK3R1) gene encodes the 85 kD regu-
latory alpha subunit of the enzyme. While mutations in the 
PIK3CA gene are recognized to play important roles in human 
breast carcinogenesis, mutations in PIK3R1 are historically 
associated with insulin resistance and the SHORT syndrome 
[18]. Furthermore, human PIK3R1 mutations are known to 
disrupt lymphocyte differentiation, which causes PI3Kδ syn-
drome 2 [19]. Previously, mutations affecting PIK3R1 have 
been identified as an actionable mutation for prostate and ovar-
ian cancers [20, 21]. In addition, somatic mutations in PIK3CA 
(44%), PIK3R1 (17%), and PIK3CA + PIK3R1 (9.0%) have 
been identified in Chinese population who have breast carci-
noma [22]. Using 380 hot spot sequencing analyses, 66% of 
these cancer samples exhibited ≥ one actionable alternation 
when the ESCAT criteria were used [23, 24]. Although a poor 
outcome is correlated well with PIK3R1 mutations among pa-
tients with receptor (+) breast carcinoma [25], controversy still 
exits as to whether the various different breast cancer subtype 
tumors are associated with activating mutations that cause 
abnormal activity of the PI3K/Akt/mTOR pathway [26, 27]. 
Since PI3K activates AKT, a kinase of prime importance to 
cell survival and proliferation during oncogenic process, it was 
our aim to elucidate the PIK3R1-related cell growth activity in 
breast cancer cells and then to explore the correlation between 
PIK3R1 expression and clinical outcomes in patients using a 
human tumor tissue array.

Materials and Methods

BT-474 cell line and reagents

The BT-474 (estrogen receptor (ER)+/HER2-high) cell line 
has been obtained from the Food Industry Research and De-
velopment Institute (Hsinchu, Taiwan, Republic of China) 
[28]. BT-474 cells were cultured in Hybri-Care medium 
supplemented with penicillin/streptomycin and 2 mM L-
glutamine at 37 °C in a humidified atmosphere containing 
5% CO2. The contamination of mycoplasma in this line was 
excluded in this study.

Gene manipulation of the human breast cancer BT-474 
cell line

Following the protocols obtained from the Academia Sinica, 
Taiwan, lentiviral infection using short hairpin RNA (shRNA) 
silencing of the PIK3R1 gene (ΔPIK3R1) in the BT-474 cell 
line was performed. Real-time polymerase chain reaction 
(PCR) and Western blot analysis were conducted to validate 
the infection efficiency (Supplementary Material 1, wjon.elm-
erpub.com).

Cell proliferation assay

Both the wild type (WT) and ΔPIK3R1 line (1 × 104/well) 
were cultured with low serum medium. After 1 - 4 days, the 
cells were washed twice with phosphate-buffered saline (PBS, 
pH 7.4), and then trypsinized using 0.5 mL trypsin-ethylen-
ediamine tetraacetic acid containing 0.05% trypsin and 0.53 
mmol/L ethylenediamine tetraacetic acid I 4Na (Gibco/Invit-
rogen, New York, NY). The cells were then resuspended in 
fresh culture medium, and the cell count was measured using 
trypan blue exclusion assay.

Western blotting analysis

Homogenized BT-474 (both the WT and ΔPIK3R1 lines) cells 
were lysed with a buffer (150 mM KCl, 10 mM Tris pH 7.4, 
1% Triton X-100) containing cocktails of phosphatase and 
protease inhibitors (Complete Mini; Roche, Mannheim, Ger-
many). The protein concentration of these homogenates was 
quantified using the Bradford’s method [29]. Next, 30 µg of 
proteins were separated by sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE, 10%) and then trans-
ferred to a polyvinylidene fluoride (PVDF) membrane, fol-
lowed by blocking the membrane with bovine serum albumin 
(5%) and by probing with specific primary antibodies such as 
PI3KR (p85 alpha, # PA5-29613, ThermoFisher, Waltham, 
MA), p-Akt (Ser473) (#9271), p-mTOR (Ser2448) (#2971), 
Akt (#9272), mTOR (#2983) and β-actin (internal control, 
#3700). The latter four were obtained commercially (Cell 
Signaling, Beverly, MA). The washed blots were incubated in 
anti-rabbit immunoglobulin G (IgG) horseradish peroxidase 
(HRP)-linked secondary antibodies (Cell Signaling Technol-
ogy, Beverly, MA). After 1 h of hybridization, the membranes 
were washed and developed with an enhanced chemilumines-
cence (ECL) detection kit (Amersham Pharmacia Biotech Inc., 
NJ) and quantified using Multi-Gauge software (Fuji Photo 
Film Co., Ltd., Tokyo, Japan).

Total RNA extraction and reverse transcription PCR

Total RNA was obtained using the guanidinium thiocyanate 
method as described previously [30]. (TRI REAGENT, 
T-9424, Sigma Chem. Co., St. Louis, MO). A cDNA synthe-
sis kit (Invitrogen, CA) was used to obtain the complementary 
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DNA from a total RNA extract. The changes in de novo gene 
synthesis for each treatment group were evaluated by reverse 
transcriptase-polymerase chain reaction (RT-PCR). The prim-
ers pair for PIK3R1: 5'-TAGCTCGCGCGATCTAGGGGC-3' 
(sense) and 5'-CGCGATCAATAAAGCTAG-3' (antisense) 
were commercially available. The relative expression of the 
mRNA of each gene was normalized against the glyceralde-
hyde-3-phosphate dehydrogenase (GAPD) mRNA present in 
the same RNA extract.

Proliferative activity analyzed by flow cytometry

Cell proliferation was evaluated by cell cycle analysis. Briefly, 
1 × 106 cells (both WT and ΔPIK3R1) were seeded and then 
grown for 1 day, followed by changing the medium containing 
0.1% fetal bovine serum and cultured for another 2 days. Then 
the cells were trypsinized, washed, and fixed with ethanol 
(75%). Following this, the cells were stained using propidium 
iodide (PI) and for cell cycle analysis by flow cytometry. The 
results are presented as the various cell cycle fractions in per-
centage including G0/G1 phase, S phase, and G2/M phase.

Subjects

During the period from January 2000 to December 2015, pa-
tients with breast carcinoma underwent pathological diagno-
sis at Taipei Veterans General Hospital, Taiwan, Republic of 
China. With the Institutional Review Board (IRB) approval 
(# 2022-01-016CC), 440 patient records containing diagnosis 
date, immunohistochemical (IHC) staining results, such as ER, 
progestin receptor (PR), HER2 status including IHC and fluo-
rescence in situ hybridization (FISH), and patients’ survival 
(disease-free survival (DFS) and overall survival (OS)), were 
retrospectively reviewed from the hospital breast cancer da-
tabase. Written consent from the study subjects was waived 
by the IRB because all clinical data had been collected dur-
ing routine clinical care in the hospital, and no direct contact 
with patients for data collection and analysis was required. The 
mean follow-up time for each patient was > 60 months. Recep-
tor status was defined as negative when the ER or PR was ≤ 
1%, while an ER or PR of > 1% was regarded as positive. The 
study was conducted in compliance with the ethical standards 
of the responsible institution on human subjects as well as with 
the Helsinki Declaration.

Immunohistochemistry for PIK3R1 expression

PIK3R1 expression in a tissue array containing the above 440 
tumor samples was assessed by IHC staining and evaluated by 
an expert in pathology (Dr. Hsu, CY). Positivity for PIK3R1 
expression was semi-quantified and expressed as 0 (no stain-
ing), 1+ (cytoplasmic staining in less than 10% of tumor cells), 
2+ (cytoplasmic staining between 10% and 49% of tumor 
cells), and 3+ (cytoplasmic staining more than 50% of tumor 
cells).

Statistics analysis

Data are expressed as means ± standard error of the mean (SEM). 
Statistical significance between two groups were identified by 
the Mann-Whitney U test or the Student’s t-test. Comparison 
between two independent variables was determined by two-way 
analysis of variance (ANOVA) and the Bonferroni post-hoc test. 
The Kaplan-Meier analysis was performed to estimate patients’ 
outcomes. A P value less than 0.05 is considered statistically sig-
nificant compared to control group or WT group.

Results

Expression of PIK3R1 in various breast carcinoma cell 
lines

To elucidate the PIK3R1 protein expression in different sub-
types of breast carcinoma cell lines, we measured the expres-
sion in the MCF-7 (luminal A), BT-474 (luminal B), SK-BR-3 
(HER-2 enriched), MDA-MB-231/468/453 and BT-549 (ba-
sal-like) cell lines, which were maintained in our laboratory. 
Western blot analyses showed diverse PIK3R1expression pat-
terns across the various subtypes of human breast carcinoma 
cell lines (Supplementary Material 2, wjon.elmerpub.com).

PIK3R1 regulated the cell proliferation of the BT-474 cell 
line

Then, we silenced the PIK3R1 gene in the BT-474 cell line. 
Cell proliferation was observed under a light microscope (Fig. 
1a), and the quantification of cell number was evaluated by 
trypan blue exclusion assay. Our results showed that there was 
an increased cell number for the ΔPIK3R1-BT-474 cell line, as 
compared to their cell WT lines (two-way ANOVA) (Fig. 1b).

PIK3R1 regulated the cell cycle of the BT-474 cell line

To elucidate how PIK3R1 modulates the cell cycle in the BT-
474 cell line, cell cycle analysis (Fig. 2a) using flow cytom-
etry was performed, and the results showed a decrease in the 
G0G1-fraction, and increased S-fraction and the S + G2M-
fraction in ΔPIK3R1-BT-474 cell line compared to WT cell 
line (Mann-Whitney U test) (Fig. 2b).

PIK3R1 regulated the cell proliferation-related signaling 
in the BT-474 cell line

After PIK3R1 gene was knocked down in the BT-474 cell line, 
the PIK3R1 protein was significantly decreased (Fig. 3a, b). 
This was accompanied by the increase of the p-AKT (Mann-
Whitney U test) (Fig. 3c) and p-mTOR (Mann-Whitney U test) 
(Fig. 3d) proteins in the ΔPIK3R1-BT-474 cell line, compared 
to the equivalent WT line.
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The expression of PIK3R1 in human normal breast and 
tumor tissue

Next, we investigated the PIK3R1 protein expression in human 
breast tissue, including normal breast and tumor tissue. After 
human breast tissue samples were stained with anti-PIK3R1 
antibody, the positivity of PIK3R1 expression was semi-quan-
tified (Fig. 4). The results demonstrated that normal breast tis-
sue had a high level of PIK3R1 expression (3+), while luminal 
type breast cancer tumor samples showed a variety of different 
level of expression of PIK3R1 (ranging from 0+ to 3+) (Sup-
plementary Material 3, wjon.elmerpub.com).

Correlation between PIK3R1 expression level and patient 
clinical outcomes

In order to elucidate the role of PIK3R1 in patients’ outcome, 

we performed IHC staining on surgically removed tumor tis-
sues (breast cancer tissue array) with anti-PIK3R1 antibody 
and correlated the results with patient DFS/OS. Using Kaplan-
Meier analysis to estimate patients’ outcomes, our results 
showed that patients with high expression of PIK3R1 protein 
(≥ 2+) had better outcomes, such as DFS (P = 0.038) and OS 
(P =0.034), compared to those with low expression of PIK3R1 
protein (< 2+) in the early stages (stage I/II, n = 339) of breast 
cancer (Fig. 5a, b). In contrast, this correlation was not present 
across all stages of breast cancer (n = 440) in DFS (P = 0.182) 
(Fig. 5c) and OS (P = 0.142) (Fig. 5d).

Correlation between PIK3R1 expression level and patient 
outcome by different breast cancer subtypes

Since breast cancer is a very heterogenous disease and has di-
verse pathological and biological patterns, we further analyzed 
the correlation between PIK3R1 expression and patient DFS/

Figure 1. Role of PIK3R1 on cell proliferation in human breast cancer BT-474 cell line. After the PIK3R1 gene was silenced in the 
BT-474 cell line, the resulting two cell lines (WT and ΔPIK3R1) were cultured and photographed under low power (× 10) using a 
microscope (a). Cells numbers (WT and ΔPIK3R1) were quantified using the trypan blue exclusion assay (b). Asterisks indicate 
a P value < 0.05 (two-way ANOVA). WT: wild type; ANOVA: analysis of variance.
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OS in early stage (n = 339) of different breast cancer subtypes. 
The results showed that there was no significant difference be-
tween high expression (≥ 2+) and low expression (< 2+) of 
PIK3R1 protein in patient DFS (P = 0.467) (Fig. 6a) and OS 
(P = 0.437) (Fig. 6b) in luminal type (n = 43) breast cancer. It 
is of note that patients with high expression of PIK3R1 protein 
(≥ 2+) had significantly better OS (P = 0.038), but not DFS (P 
= 0.252), compared to those with low expression of PIK3R1 
protein (< 2+) in HER2-enriched (n = 162) breast cancer (Fig. 
6c, d). In contrast, there was no statistical difference between 
high expression (> 2+) and low expression (< 2+) of PIK3R1 
protein in triple-negative (n = 134) breast cancer, both in DFS 
(P = 0.388) (Fig. 6e) and OS (P = 0.697) (Fig. 6f).

Discussion

It is generally accepted that human cancer is considered a ge-
netic disease and that mutations that affect oncogenes and/or 
tumor suppressor genes are the initiators of the oncogenesis 
process. Since Samuels et al discovered the PIK3CA muta-
tions in breast cancer, accumulating evidence has suggested 
that changes to the PIK3CA gene sequence are one of the 
most common actionable mutations [14-16], and identification 
of such mutations provides a molecular explanation in treat-
ment resistance of human breast cancer. In our cohort database 
study, the prevalence of PIK3CA mutations in all samples and 

in HER2 (+) samples is 38% and 43%, respectively [23]. It is 
of note that, when patients are treated with cyclin-dependent 
kinase (CDK)4/6 inhibitors, the median time to treatment fail-
ure is 12 months for the group that is positive for a PIK3CA 
mutation, compared to 16 months for the group that is nega-
tive for a PIK3CA mutation, with the 95% confidence interval 
(CI) values being 7 - 21 months and 11 - 23 months, respec-
tively [24]. Nonetheless, there is consensus that mutation in 
the PIK3CA gene still cannot explain treatment resistance in 
those patients with a PIK3CA mutation.

The PIK3R (phosphoinositide-3-kinase regulatory subu-
nit) includes PIK3R1, PIK3R2, and PIK3R3. PIK3R1 is well 
recognized as a tumor suppressor, while PIK3R2 is able to act 
as a tumor driver during the tumorigenesis process [31, 32]. 
The PIK3R1 gene mutations are highly associated with a num-
ber of human diseases, including SHORT syndrome [18] and 
PI3Kδ syndrome 2 [19]. Besides, PIK3R1 gene mutations are 
known to result in abnormal activity of the PI3K-Akt-mTOR 
pathway. Somatic PIK3R1 variation is known to be associ-
ated with vascular malformations and overgrowth [33], while 
miR-100-3p is recognized to inhibit the adipogenic differentia-
tion of human mesenchymal stem cells (hMSCs) by targeting 
PIK3R1 via the PI3K/AKT signaling pathway [34].

There is evidence that mutations in PIK3R1 result in can-
cer cell proliferation, and they are now identified as action-
able mutations in ovarian carcinoma [20] and breast carci-
noma [26]. Furthermore, in a previous study, a higher sample 

Figure 2. Cell cycle analysis of the ΔPIK3R1 and WT breast cancer BT-474 breast cancer cell lines. (a) For cell cycle analysis, 
1 × 106 cells (both WT and ΔPIK3R1) were seeded as described in the Methods. (b) The results are presented and quantified 
as the various cell cycle fraction (%), namely G0/G1 phase, S phase, and G2/M phase. Asterisks indicate a P value < 0.05 by 
Mann-Whitney U test. FSC: forward scatter; SSC: side scatter; PI: propidium iodide; WT: wild type.
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frequency of PIK3R1 mutations was observed in metastatic 
prostate cancers compared to primary prostate cancers [21]. It 
should be noted that when our patient cohort database is exam-
ined, we found that there was a higher frequency of PIK3R1 
mutation in the pathological complete response (PCR) group 
compared to non-pathological complete response (non-PCR) 
group for those patients who were receiving neo-adjuvant sys-
temic treatment (Supplementary Material 4, wjon.elmerpub.
com). Using The Cancer Genome Atlas (TCGA) database, 
we stratified the breast cancer into luminal, HER2-enriched, 
and triple-negative subtypes. The results showed that there is 
no correlation between PIK3R1 gene mutations and clinical 
outcomes, including DFS and OS, in luminal, HER2-enriched, 
and triple-negative breast cancer subtypes (Supplementary 
Material 5, wjon.elmerpub.com).

Being a heterogeneous disease, breast carcinoma con-
tains many subtypes. It is not surprising to observe that there 
is diverse PIK3R1 expression in different breast carcinoma 
cell lines (Supplementary Material 2, wjon.elmerpub.com). A 
previous investigation has demonstrated that berberine (BBR) 
inhibits cell growth of both MDA-MB-231 and MDA-MB-468 
cells via different mechanisms, which indicates that the cel-
lular responses to BBR treatment depend on molecular sub-

types of the breast carcinoma [35]. In addition, recent evidence 
indicates that endoplasmic reticulum is able to activate many 
receptor tyrosine kinases including HER2/neu (HER2) and 
epidermal growth factor receptor (EGFR) [36]. These find-
ings explain a possible mechanism for tamoxifen resistance 
in ER-positive/HER2-positive breast cancers [37]. It has been 
documented that an examination of the cross talk between en-
doplasmic reticulum and HER2 signaling might help identify 
new therapeutic strategies, such as the use of aromatase inhibi-
tors, in dual blockade (trastuzumab/pertuzumab) treatment, as 
well as the use of CDK4/6 inhibitors. These strategies may 
be able to be used to treat a range of different breast cancer 
subtypes [38-40].

Using the Kaplan Meier plotter database, we found that 
there is a better OS in high PIK3R1 mRNA expression level 
(212240_s_at) compared to those with low PIK3R1 mRNA 
expression tumors in luminal A (ER+/HER2 low) subtype (P 
= 0.0018). There was a trend of positive correlation between 
PIK3R1 mRNA expression (212240_s_at) in patient OS in lu-
minal B (ER+/HER2 high, P = 0.27) and HER2-enriched (P 
= 0.49) subtypes. In contrast, no correlation between PIK3R1 
mRNA expression (212240_s_at) in patient OS was noticed 
in triple-negative subtype (P = 0.84) (Supplementary Material 

Figure 3. The role of PIK3R1 in cell growth signaling. Cell lysates obtained from BT-474 (both WT and ΔPIK3R1 cell lines) were 
subjected to Western blot analysis and probed with various primary antibodies, namely PIK3R1/p85, p-AKT, t-AKT, p-mTOR, 
mTOR and beta-actin (a). The protein expressions of PIK3R1/p85 (b), AKT (c) and mTOR (d) were quantified as a relative ratio 
(t-protein/p-protein) and presented as fold of control (ΔPIK3R1/WT). Asterisks indicate a P value < 0.05 by Mann-Whitney U test. 
WT: wild type.
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6, wjon.elmerpub.com). Our in vitro data showed that there 
was a significant decrease in the G0G1-fraction and increased 
S-fraction, but not the S + G2M-fraction and cell growth sign-
aling such as AKT/mTOR expression in ΔPIK3R1-MCF-7 
cell line compared to WT cell line (Supplementary Material 7, 
wjon.elmerpub.com). We attribute this phenomenon to relative 
low knock down efficiency in MCF-7 line compared to BT-474 
line. Finally, our results show that expression of the PIK3R1 
protein is positively correlated with patient outcome for stage 
I and stage II breast cancers, suggesting that PIK3R1 plays 
an important role in tumor behavior such as cell proliferation; 
while factors involved in tumor metastasis such as epithelial 
mesenchymal transition, increased angiogenesis, and changes 
of microenvironment etc., contribute the tumor progression in 
late stage of breast cancer.

Conclusions

We conclude that downregulated PIK3R1 in BT-474 cells 
resulted in an increased cell growth and upregulated AKT-
mTOR signaling. The high-expressed PIK3R1 protein in tu-
mors correlates positively with patients’ outcome in stage I and 
II breast cancer.

Supplementary Material

Suppl 1. Validation of knock down efficiency of PIK3R1 gene 
on BT-474 breast cancer cell line.
Suppl 2. Expression of PIK3R1 in different human breast can-
cer cell lines.
Suppl 3. Expression of PIK3R1 in normal breast tissue and 
human breast cancers.
Suppl 4. Correlation between the presence of a PIK3R1 gene 
mutation and pathological complete response in human breast 
cancer patients.
Suppl 5. Correlation between PIK3R1 gene mutations and 
clinical outcomes in breast cancer subtypes.
Suppl 6. Correlation between PIK3R1 gene expression and 
clinical outcomes.
Suppl 7. The role of PIK3R1 on cell growth of the MCF-7 
(ER+/HER2 low) cell line.
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Figure 5. Correlation between PIK3R1 expression level and patient clinical outcomes. We performed immunohistochemical 
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II patients (n = 339) and in all stage patients DFS (n = 440) (c) and OS (d). High expression of PIK3R1 protein indicates immu-
nohistochemical staining score ≥ 2+; low expression of PIK3R1 protein indicates immunohistochemical staining score < 2+. A P 
value < 0.05 indicates statistical significance. DFS: disease-free survival; OS: overall survival.
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Figure 6. Correlation between PIK3R1 expression level and patient outcomes by different breast cancer subtypes. We performed 
immunohistochemical staining on surgically removed tumor tissues (breast cancer tissue array) with anti-PIK3R1 antibody and 
correlated the results with patient DFS/OS. Kaplan-Meier analysis was used to estimate stage I/II patients’ outcome (n = 339) 
including disease-free survival (DFS) and overall survival (OS) in luminal subtype DFS (n = 43) (a) and OS (b), HER2-enriched 
subtype DFS (n = 162) (c) and OS (d), and triple-negative subtype DFS (n = 134) (e) and OS (f). High expression of PIK3R1 
protein indicates immunohistochemical staining score ≥ 2+; low expression of PIK3R1 protein indicates immunohistochemical 
staining score < 2+. A P value < 0.05 indicates statistical significance.
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