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ARTICLE INFO ABSTRACT

Received: Background: The phosphatidylinositol 3-kinases are known as a family of lipid
20 April 2023 kinases, playing a role in various cellular processes. A member of this family is
Revised: .Y . . .7
15 June 2023 PIK3CA which is frequently mutated in breast cancer. In this study, the association
Accepted: between H1047R, E542K and E545K mutations, and therapy resistance was

16 June 2023 investigated in Iranian breast cancer patients treated by Trastuzumab.

Methods: Resistance and sensitive groups were chosen from Iranian patients
treated by Trastuzumab. A PCR-RFLP approach was designed for detecting the
H1047R mutation. Mutations in positions of codons E542K and E545K were
detected using PCR-based DNA Sanger sequencing assay. The overall survival and
disease-free survival were assessed.

Results: A significant relationship was observed between the presence and
absence of H1047R mutation and the overall survival (P = 0.025). In addition, there
was a significant relationship between the response to Trastuzumab and some
clinicopathological features, including the age and the status of ER/PR receptors (P-
value<0.05). E542K and E545K mutations were not observed in the patients.

Conclusion: It can be said that probably H1047R mutation is a prognostic marker
in the Trastuzumab-based therapy resistant breast cancer. Further studies can be
Targeted Therapy, performed to evaluate this mutation before using Trastuzumab to predict the
Trastuzumab effectiveness of this treatment.
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INTRODUCTION

Breast cancer (BC) is the most common cancer
and the 2nd cause of cancer death in women. In 2020,
BC was the most commonly diagnosed cancer
(estimated 2.3 million new cases, representing 11.7%
of total cancer cases) in women and the leading cause
of cancer death (6.9% of total cancer cases) in 185
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countries.* About 20-30 percent of patients are HER2
receptor positive. This type of BC develops faster
than the other types.? HER2 gene amplification is
considered an important predictive factor in the
response to Trastuzumab targeted therapy. However,
studies show that some HER2-positive patients are
Trastuzumab-resistant.?

The phosphatidylinositol 3-kinases are known as
a family of lipid kinases, involved in various cellular
processes, including cell proliferation and regulation
of cell survival. Potential changes in the PI3K
signaling pathway have a role in the formation of
different cancers including breast, colorectal, uterine,
and glioma.*® Under normal circumstances, PI3K
plays a crucial role in translating extracellular growth
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signals into the intracellular actions that facilitate
growth by coupling macromolecule biosynthesis with
the initiation of cell-cycle progression.* The structure
of PIK3CA is consisted of two catalytic and
regulatory subunits, p110a and p85a, respectively.
The catalytic subunit has five domains containing
helical, and kinase domains encoded by the PIK3CA
gene which is reported to have somatic mutations in a
variety of human tumors.® PIK3CA gene contains 21
exons, and 80 percent of mutations are located in 3
regions, two mutations in exon nine located at 542 and
545 helixes, and one at codon number 1047 in the
kinase region of exon 20.” The aberrant PIK3CA
signaling pathway has been studied in Trastuzumab-
resistant patients and there is evidence that links
resistance to mutations of this gene. Therefore, this
gene mutation may be a potential prognostic and
predictive biomarker for Trastuzumab treatment.
Research suggests that 25 percent of HER2-positive
patients had PIK3CA mutation. Although frequent
studies have confirmed the correlation of PIK3CA
gene mutations and drug-resistant, more studies
should be carried out on the correlation between this
mutation and resistance to Trastuzumab. Since the
occurrence of mutation is different due to race and
geographical location, more studies in other
populations are required to confirm this connection.®-
10

This case-control study aims to evaluate the
mutations of PIK3CA exon 9 and 20 in the tumor
tissue of HER2-positive patients receiving
Trastuzumab and to determine if these mutations
correlate with the survival of the patients.

METHODS

Study Population and Selection Criteria

Seventy-three FFPE samples from patients with
invasive ductal carcinoma were investigated,

PIK3CA mutations in BC @

including 38 samples of Trastuzumab-resistant
patients and 35 samples of responsive patients. All
patients were HER2-positive. The Trastuzumab-
resistant group consisted of patients who showed
events like local recurrence, metastasis, or death
within a year of treatment.!%!2 The control group
included Trastuzumab-responsive patients with no
signs of local recurrence, metastasis, or death within
three years of taking Trastuzumab. In addition,
patients diagnosed with metastasis, stage IV, were
excluded from the study. Some other
clinicopathological features of the patients, including
patient age at BC onset, tumor grade, tumor stage, ER
and PR expression, the number of invaded lymph
nodes, and treatment regimen, were evaluated.
Patient’s time to event was also recorded. Patient
tissues were provided by the BC Research BioBank
(BCRC-BB).®® The Ethical Committee of Motamed
Cancer Institute of Iran
(IR.ACECR.IBCRC.REC1395.12) approved this
study and informed consent was obtained from all of
the patients.

DNA Isolation and PCR Amplification of Target
Regions

Five sections of two um of FFPE tumor were
applied for DNA extraction. Sections were from
>80% tumor area. For samples less than 80% tumor
area, FFPE blocks were manually dissected to get the
required percentage of the tumor. According to the
manufacturer protocol, DNA extraction was
performed using FFPE DNA kit black (Analytik Jen,
Jena, Germany).

Primers were designed using Gene Runner
(V.6.5.52x beta) for H1047R, E542K, and E545K
mutations (Table 1).

Table 1. The sequence of primers designed to detect H1047R, E542K, and E545K mutations

Primers Sequence ™™ GC%
PIK3CA Exon 20 (126 Forward 5-GGAGTATTTCATGAAACAAATGAATGATGCG-3' 615 355
bp) Reverse 5-GAGCTTTCATTTTCTCAGTTATCTT-3' 549 32

Forward 5-AGGGAAAATGACAAAGAACAGC-3’ 63.1 409
PIK3CA Exon 9 (107 bp)

Reverse 5-TTTAGCACTTACCTGTGACTCCA-3’ 625 435

Regarding the exon 20, a mismatched nucleotide
(A to G, in the fourth nucleotide position at the 3’ end)
was used in the forward primer to provide a restriction
endonuclease recognition site for the Fspl restriction
enzyme. In mutant form, the substitution of CAT to
CGT results in the loss of the Fspl restriction site.
Therefore, cleavage did not occur in the mutated form
due to loss of enzyme recognition site, and only the

126-bp fragment was identified, while two fragments
of 96 and 30bp were identified in wild type form of
exon 20 through the restriction site. A 107bp product
was amplified by PCR regarding exon 9.
Amplification of the 126-bp fragment of exon 20
and 107bp fragment of exon 9 was performed using a
VeritiPro Thermal Cycler device by the manufacturer
(Applied Biosystems) as follows. The initial cycle of
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denaturation at 95°C for 2min was followed by 35
cycles of template denaturation at 95°C for 30sec.
Primer annealing occurred at 60°C for 30sec, and
extension at 72°C for 30sec, and a final extension at
72°C for 5min. Exon 9 containing E542K and E545K
mutations PCR was performed as above.

The reaction contained 200ng DNA, 0.2mM
dNTPs (A, G, C,and T), 0.5uM forward and reversed
primers separately, 1.5mM MgCl,, 1x buffer prepared
from 10x, and 1 Unit AccuPOL (Ampligon,
Denmark). The DNA products were validated by
agarose gel electrophoresis after optimization.

RFLP

Considering the cut site of Fspl (Thermo Fisher
Scientific), the wild-type gene results in a 96- and a
30-bp fragment. However, if there is a H1047R
mutation, the Fspl does not cut the region, and the
gene will be an intact 126-bp fragment. All products
were investigated by gel electrophoresis.

Sequencing

Sanger sequencing by big dye Terminator Kit
(Applied Biosystems, USA) was performed to
analyze the validity of enzyme activity on H1047R
mutated gene. Furthermore, to evaluate E542K and
E545K mutations, sequencing was performed using
specific primers.

Statistical Analysis

Kaplan-Meyer method was used to estimate
overall survival and disease-free survival. The effect
of the presence or absence of mutation was
investigated as a prognostic factor. The total survival

time was calculated from the beginning of surgery
until death or the last follow-up, and the disease-free
survival was calculated from the beginning of surgery
until relapse or the last follow-up. Clinical data were
analyzed and the survival curve was plotted using the
Kaplan-Meyer method. Statistical analysis of data and
survival graphs were obtained by SPSS 22 software.
Probability values<0.05 were considered statistically
significant.

Evaluation of the relation between treatment
response and patient clinicopathological information
was done using Chi-square test. Furthermore, the
possibility of a relation between the studied mutations
and the response to Trastuzumab treatment was
investigated by the Chi-square test in the sensitive and
resistant groups.

RESULTS

Clinicopathological
Patients

The medical records of all patients included in
this study were evaluated for clinicopathological
characteristics. Seventy-three women (the mean age =
47+20) were recruited in this study. Out of 73 patients
included in the study, 38 (52%) were resistant to
Trastuzumab and 35 (48%) were sensitive to
Trastuzumab. The correlation between Trastuzumab
response and clinicopathological features in the
patients was determined as showed in Table 2.
According to the Chi-square test, there is a significant
relationship between the response to Trastuzumab
and some clinicopathological characteristics
including the age of BC onset and ER and PR receptor
status.

Characteristics of BC

Table 2. Comparison of correlations between Trastuzumab response and different variables in the study

Response to Trastuzumab

Sensitive (n=35)

. Chi-square test
Resistance (n=38) d

P-value
Frequency Percent Frequency Percent
. b <40 14 40% 6 18.2%
Age at diagnosis 40 21 60% 27 81.8% 0.048
Grade | 2 5.7% 5 13.5%
Grade ® Grade 1l 23 65.7% 19 51.4% 0.367
Grade Il 10 28.6% 13 35.1%
Stage | 2 5.7% 0 0%
Stage ° Stage Il 11 31.4% 11 40.7% 0.133
Stage 11 22 62.9% 16 59.3%
Negative 10 28.6% 25 65.8%
b
Estrogen Receptor Positive 25 714% 13 34.2% 0.001
Negative 14 40% 28 73.7%
Progesterone Receptor Positive 21 60% 10 26.3% 0.004
Negative 7 20% 4 11.8%
1-3 11 31.4% 7 20.6%
b
Lymph Node 4-9 12 343% 14 41.2% 0.393
>9 5 14.3% 9 26.5%

4at a significance level of 0.05.
b Some data is missing for this variable.
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PI3KCA Mutation Analysis of Exon 9 and 20 (Figure 1 and 2). Moreover, the enzyme activity was
The PCR product and digestion of exon 20 and 9 validated by sequencing in exon 20 (Figure 3).
were validated by 1% agarose gel electrophoresis

100 bp DNA ladder

100 bp DNA ladder

107 bp band
126 bp band

a b

Figure 1. PCR amplification of exon 9 (107 bp) and exon 20 (126 bp) in 1% agarose gel electrophoresis; a) Lanel: a 100 bp
to 2,000 bp DNA ladder (Invitrogen, CAT 15628019); Lane2: PCR product of exon 9; Lane3: negative control, distilled water
was used instead of template DNA; b) Lanel: a 100 bp to 2,000 bp DNA ladder (Invitrogen, CAT 15628019); Lane2: negative
control, distilled water was used instead of template DNA, lane3: PCR product of exon 20.

50 bp DNA ladder

Non-digest

control Wild type Mutant type

126 bp
96 bp

30 bp

Figure 2. Enzymatic digestion of the exon 20 PCR products in 1% agarose gel electrophoresis; Lanel: a 50 bp to 1,000 bp
DNA ladder (Thermo Scientific™, CAT SM0371); Lane2: non-digest control; Lane 3 and 4: a wild type cut by restriction
enzyme Fspl (Thermo Fisher Scientific) into two fragments of 96 bp and 30 bp; Lane 5: heterozygous PIK3CA H1047R
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mutation, the uncut fragment of 126 bp coexisting with two fragments 96 bp and 30 bp, cut by restriction enzyme Fspl (Thermo
Fisher Scientific).

Fsp I site: redeea (H1047)

a A T GG A T G € G € A T C

Forward Primer
—_—

H1047R
CAT = CGT Reverse Primer

Figure 3. The result of Sanger sequencing, a) exon 20 Wild type and b) exon20 H1047R mutation

Overall Survival and Disease-free Survival in (P=0.025) but no significant relationship was
Patients observed in the effect of mutation on disease-free
The presence of H1047R mutation was associated survival of the patients (P=0.118). Figure 4 shows the
with the overall survival of patients in this study overall survival curve of the patients by month.
a b
Survival Functions Survival Functions
Mutation in
1.0 T in 14 T H1047R
s H1047R L
g = = = “riyes
i F;::::::::d 089 L S ::-sc-:::::zd
g 06 ‘_g 067
é a 3
é 0.4 E 04
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’ a - iz = o e 0 0 a0 &0 80 100 120
month month

Figure 4. Kaplan-Meyer overall survival and disease-free survival curves according to H1047R mutation. Probability values

< 0.05 were considered statistically significant; a) Overall survival probability function curve, b) disease-free survival
probability function curve

Relationship Between Mutation and Trastuzumab Trastuzumab in both sensitive and resistant groups
Response was investigated. According to the Chi-square test, no
The possibility of a relationship between mutation significant relationship was observed between
in H1047R codon in exon 20 and the response to mutations in H1047R codon and the response to
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treatment. In relation to exon 9, since no E542K and
E545K mutations were observed in any of the
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patients, the desired correlation could not be
examined (Table 3).

Table 3. Comparison of correlation between Trastuzumab response and mutations in H1047R, E542K and E545K codons

Response to Trastuzumab Chi-square
Sensitive (n=35) Resistance (n=38) Test
Frequency Percent Frequency Percent P-value ?
H1047R mutation Ye€S 14 40% 14 36.8% 0.782
in exon 20 No 21 60% 24 63.2% '
E542K mutation in  Yes 0 0 0 0 i
exon 9 No 35 100% 38 100%
E545K mutation in  Yes 0 0 0 0 )
exon 9 No 35 100% 38 100%

2at a significance level of 0.05.

DISCUSSION

Assessment of the responses to anti-HER2
therapies has been investigated by different studies
applying a wvariety of techniques in various
communities. Although some results indicate a
significant  correlation  between  Trastuzumab
response and PI3K/AKT mutations, the results of
some others reveal no correlation.!!

Trastuzumab resistance is an important clinical
issue in BC. In the current study, we evaluated the
association of PIK3CA exon 9 and 20 mutations and
Trastuzumab resistance and survival. Seventy-three
patients (mean age = 47+20) were included in this
study. Out of 73 patients included in the study, 38
(52%) were resistant to Trastuzumab and 35 (48%)
were sensitive to Trastuzumab.

Based on the results of the present study, a
significant relationship (P=0.025) was observed
between H1047R mutation and overall survival which
is consistent with previous research.** In a study by
Francisco et al. in 2010, mutations in the PIK3CA
gene were associated with shorter survival times
(P=0.015) of patients with BC.*

Our results showed that there was a significant
relationship between the response to Trastuzumab
treatment and some clinicopathological features
including age of BC onset and ER and PR receptor
status (P-value<0.05). Furthermore, the possibility of
a relationship between mutation in H1047R codon in
exon 20 and the response to Trastuzumab treatment
was investigated in two sensitive and resistant groups.
No significant association was found between the
studied mutation and treatment resistance (P-
value>0.05), which is consistent with the findings of
previous studies.’™> In this regard, Loi S et al., by
assessing mutations in PIK3CA gene in 705 HER2-
Positive BC samples, reported that mutations in
PIK3CA were not statistically significantly associated
with Trastuzumab resistance.’® In a meta-analysis

study, Wang et al. also concluded that in patients with
HER2-positive BC, the mutation in PIK3CA was not
associated with the response to Trastuzumab-based
therapy.'® Furthermore, in an Italian study, it was
shown that there was no correlation between PIK3CA
gene mutations and Trastuzumab resistance.!’
Although the results of these studies show that there
is no significant relationship between these mutations
and the response to treatment, the results of some
other studies confirm this relationship. Cizkova M. et
al. reported a relatively high prevalence of PIK3CA
gene mutations and their prognostic impact on HER2-
positive BC patients. Furthermore, they suggested
that these mutations result in resistance to
Trastuzumab. According to the aforementioned
results, personalized therapy is a possible option for
BC patients in case of the diagnosis of these
mutations.'® Also, in another study on HER2-positive
patients, Cizkova M. et al. confirmed that patients
with PIK3CA mutations show a lower response to
treatment compared to patients with wild-type tumors
which suggest the dominant role of PIK3CA mutation
in Trastuzumab resistance.®

According to the findings of previous studies, the
rates of E542K and E545K mutations were lower than
those of the H1047R mutation in the studied
patients.?®? In this study, regarding exon 9, since
E542K and E545K mutations were not detected in any
of the patients, the desired correlation could not be
examined as large sample sizes were not available.
Since a small sample size may affect the absence of
desired mutations in exon 9, definite conclusions
cannot be made.

Although using Trastuzumab for BC treatment in
HER2-overexpressing patients has been effective so
far, the resistance in others needs more research to
find predictive biomarkers for personalized
treatment.?2 23
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CONCLUSION
Recognition of drug-resistant mutations leads to

choosing precise treatment strategies and stopping
spending time and money on ineffective treatments.
This points to the considerable role of personalized
medicine. The results showed that H1047R mutation
is a possible prognostic factor for resistance to
Trastuzumab therapy, according to the significant
correlation between H1047R mutation and overall
survival of patients.
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