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Abstract

Background. The PIK3CA:H1047R mutation is one of the most common driver
mutations in breast cancer that leads to aberrant activation of the PISK/AKT/mTOR
signaling pathway. Rapid and low-cost detection of this mutation can significantly
contribute to a better outcome and personalized treatment protocols. This study aimed to
develop and optimize an allele-specific LAMP assay for the visual detection of the
H1047R mutation without the need for advanced laboratory equipment.

Methods. Allele-specific FIP and BIP primers were designed with a 5’ end
complementary to the mutant nucleotide, along with a loop primer to enhance
amplification speed and sensitivity. The assay was tested on DNA from MDA-MB-453
(mutant) and MCF-7 (wild-type) breast cancer cell lines. Sensitivity was evaluated using
serial dilutions. Reaction outcomes were assessed visually using Neutral Red
colorimetry and SYBR Green fluorescence. Additionally, RNA-sequencing data of
H1047R-positive breast cancer samples from the TCGA database were analyzed to
investigate gene expression changes within the PI3K/AKT/mTOR pathway.

Results. The developed assay accurately distinguished mutant from wild-type sequences
with high specificity. The loop primer reduced reaction time from 25 to 20 minutes and
improved sensitivity, achieving a detection limit of 0.033 ng/uL. Neutral Red enabled
clear visual discrimination between positive and negative reactions, whereas SYBR
Green showed only minor fluorescence differences. RNA-seq analysis revealed
significant alterations in the expression of multiple PI3BK/AKT/mTOR pathway genes in
H1047R-positive samples.

Conclusion. The optimized PE-LAMP assay provides a rapid, sensitive, inexpensive,
and naked-eye—readable method for detecting the PIK3CA:H1047R mutation. Given its
simplicity and minimal equipment requirements, this approach holds strong potential for
clinical application in resource-limited settings to support targeted therapy selection in
breast cancer patients.

Practical Implications. The application of the developed method in this study can
facilitate the detection of the PIK3CA:H1047R mutation, and potentially other mutations
in the future, in clinical and laboratory settings with limited resources. Its high speed,
low cost, and the ability to visualize results with the naked eye make this method
suitable for initial screening of the patient and rapid selection of targeted therapies.
Moreover, its use in point-of-care settings can improve patient access to accurate
molecular diagnostic approaches.
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Extended Abstract

Background

Breast cancer, the most common cancer in
women, is significantly driven by PIK3CA
mutations like H1047R, which activate the
PIBK/AKT/mMTOR  pathway, promoting tumor
growth and resistance. The development of targeted
therapies for PIK3CA mutations highlights the need
for efficient detection, especially in resource-limited
areas. Traditional methods (PCR and sequencing)
are complex and time-consuming. This research
focuses on creating a simple, fast, affordable, and
visually interpreted allele-specific probe-enhanced
LAMP assay to detect the H1047R mutation
accurately without advanced lab equipment.

Methods

Effect of PIK3CA R1047H  Mutation on
PISK/AKT/mTOR Pathway Gene Expression

We analyzed TCGA RNA-seq data to assess the
impact of PIK3CA H1047R mutations on
PIBK/AKT/mTOR expression in breast cancer.
Significant  differences were identified and
visualized between mutated tumors and healthy
tissues in the gene expression patterns using
DESeq2.

Cell Culture

Human breast cancer cell lines (MB-MDA-453
and MCF-7) were cultured in DMEM with 10%
FBS and 1% Pen-Strep. Cells were passaged at 70-
80% confluency using 0.25% Trypsin-EDTA,
followed by quenching with fresh medium and
dilution for further use.
DNA Extraction and Validation of PIK3CA R1047H
Mutation by Sanger Sequencing

DNA was extracted from MCF-7 (WT) and
MDA-MB-453 (H1047R+) cell lines using
commercial kits. Purity was verified by NanoDrop
and gel electrophoresis.  Additionally, the
confirmation of H1047R mutation in MDA-MB-453
was achieved via PIK3CA exon 20 PCR and Sanger
sequencing analysis.

Serial Dilution for Determining the Limit of Detection
of the LAMP Assay

The LOD of the LAMP assay was determined
using tenfold serial dilutions of template DNA, with
the lowest detectable concentration identified by
agarose gel electrophoresis.

Investigating LAMP  Reaction Products Using
Colorimetric Indicators

We used two colorimetric LAMP detection
methods, including SYBR Green method (green
fluorescence under UV for positives) and Neutral
Red (color change from violet-pink to yellow-
orange in positive samples, no change in negative
samples).

Molecular Docking between BST Polymerase and
Mutant PIK3CA

Molecular docking was used to compare the
binding affinity of Bst polymerase to mutated versus
wild-type DNA sequences and that of Bst versus
Tag polymerase to the mutant sequence. Protein
(Chimera) and DNA (3D-DART) structures were
prepared, docking was performed (SwissDock), and
results were statistically analyzed using t-test.

Results

Frequency of Mutation: PIK3CA R1047H and its
Association with Cancers and Clinical Features

The PIK3CA H1047R mutation ranks 7th among
common cancer mutations. It is the most prevalent
mutation in invasive ductal carcinoma that also
occurs in endometrial, lobular, and other
adenocarcinomas, linking it to distinct clinical traits.

Effect of the PIK3CA H1047R Mutation on the
Expression of Genes in the PI3K Signaling Pathway

RNA sequencing data analysis showed that
PIK3CA H1047R mutation in breast cancer
significantly alters the expression of key genes
(PIK3CA, PIK3R3, AKT, AKT2, and AKT3) in the
PISK/AKT/mTOR pathway compared to normal
tissue.
Results of Sanger Sequencing

Sanger sequencing of exon 20 of PIK3CA from
DNA of MDA-MB-453 cell line revealed an A-to-G
transition at nucleotide 3140, resulting in the
oncogenic H1047R mutation in the PI3K a-subunit.
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Results of Specific LAMP Reaction for the PIK3CA

H1047R Mutation
Unlike PCR, which shows a single band, LAMP

produces a characteristic ladder-like pattern due to
its strand-displacement mechanism generating DNA
fragments of varying lengths. This pattern confirms
successful amplification. Key findings regarding
reaction conditions include:

e Time: Longer incubation increased
amplification in both positive and negative
samples, but the positive sample (PIK3CA
H1047R) amplified faster and earlier. At 25
minutes, amplification in the negative sample
ceased while it continued in the positive sample.

e Temperature: Increasing the temperature from
62.5° to 63.5° significantly improved specificity
by suppressing amplification in the negative
sample while maintaining it in the positive one.

Effect of Utilizing Loop Primer in LAMP Reaction

As shown in Figure 3A, loop primers
significantly improved the efficiency of LAMP
assay by facilitating continuous loop formation and
providing more replication start sites. They reduced
amplification time for PIK3CA H1047R mutant
samples from 25 minutes (without loops) to 20
minutes (with loops). After 20 minutes (Figure A6),
positive samples showed ladder-like bands on
agarose gel, while wild-type and NTC showed none.
Though not essential, loop primers greatly accelerate
LAMP. Duplex testing (Figure 3B) with 2 positive
and 2 negative samples confirmed high specificity:
ladders in positives and none in negatives/NTC.

Results of LAMP Product Observation Using
Fluorescence Method with SYBR Green Dye

SYBR Green detection showed higher
fluorescence in PIK3CA H1047R positive samples,
and agarose gel electrophoresis confirmed these
results. In other words, samples with elevated
fluorescence displayed ladder-like bands, while
negatives showed none.

Evaluation of Results of LAMP Reaction Using
Colorimetric Method with Neutral Red Dye

Duplex colorimetric LAMP (Neutral Red dye)
distinguished positives from negatives (Figure 4C).
After 30 minutes at 63°C, mutant-positive tubes

changed from pink to orange (indicating pH drop
from DNA amplification and Bst activity), while
negatives and NTC remained pink. This confirms
Neutral Red as a simple, rapid, and equipment-free
LAMP detection method.

Molecular Docking Results: Bst Polymerase Binding
Affinity to Mutant versus Wild-type Sequences
Molecular docking of Bst polymerase with
PIK3CA H1047R mutant and wild-type sequences
showed no significant difference in binding affinity
using t-test (P>0.05). Therefore, the H1047R
mutation does not affect Bst binding to DNA.

Molecular Docking Results: Bst vesus Taq Polymerase
Binding to R1047H Mutant Sequence

Bst polymerase showed significantly higher
binding affinity to the PIK3CA H1047R mutant
sequence than Tag polymerase using t-test (P<0.05),
indicating superior amplification capability.

Conclusion

This study introduced a robust, rapid, and low-
cost PE-LAMP assay for the clinically significant
PIK3CA:H1047R mutation. The present method
combines allele-specific primer design, loop
primers, and a simple colorimetric readout method
with Neutral Red, enabling naked-eye visualization
of results within 20-30 minutes  without
sophisticated laboratory equipment. The current
assay showed good specificity, high sensitivity
(detection limit of 0.033 ng/uL), and very good
concordance with Sanger sequencing and RNA-seq
results.  In-depth  molecular validation and
transcriptomic analysis were combined with docking
simulations, providing a comprehensive overview of
both the technical performance of the assay and the
biological relevance of the mutation. Owing to its
speed, affordability, and minimal technical
requirements, this system may represent an
exceptionally powerful PE-LAMP system for use in
resource-limited clinical settings and in point-of-care
diagnostics for rapid screening programs, enabling
precision oncology and improving outcomes for
breast cancer patients.
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