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Abstract
We previously reported four PIK3CA mutations in 38 head and neck cancer samples; three of which
were identified in six pharyngeal cancer samples. To determine the mutation frequency of PIK3CA
in pharyngeal cancer, we studied 24 additional cases of pharyngeal squamous cell carcinoma in this
study. Using both direct genomic DNA sequencing and novel mutant-enriched sequencing methods
developed specifically for the three hot-spot mutations (H1047R, E545K and E452K) of PIK3CA,
we detected five mutations of PIK3CA in the 24 pharyngeal cancers (20.8%). Three of the five
mutations had been missed by the conventional sequencing method and were subsequently detected
by novel mutant-enriched sequencing methods. We showed that the mutant-enriched sequencing
method for the H1047R hot-spot mutation can identify the mutation in a mixed population of mutant
and wild-type DNA sequences at 1:360 ratios. These novel mutant-enriched sequencing methods
allow the detection of the PIK3CA hot-spot mutations in clinical specimens which often contain
limited tumor tissues (i.e. biopsy specimens).

The data further supports that oncogenic PIK3CA may play a critical role in pharyngeal
carcinogenesis, and the mutant-enriched sequencing methods for PIK3CA are sensitive and reliable
ways to detect PIK3CA mutations in clinical samples. Because PIK3CA and its pathway are potential
targets for chemotherapy and radiation therapy, and frequent somatic mutation of PIK3CA has been
identified in many human cancer types (e.g. breast cancer, colorectal cancer), the abilities to detect
PIK3CA mutations with enhanced sensitivities have great potential impacts on target therapies for
many cancer types.

Keywords
mutant-enriched sequencing method; PIK3CA oncogene; hot-spot mutation; pharyngeal cancer;
HNSCC

INTRODUCTION
Oral and pharyngeal cancer accounts for over half a million new cancer cases and 2,710,000
deaths worldwide per annum. It is the sixth most common malignant tumors in the world. In
the United States alone, there were 30,990 estimated new cancer cases and 7,430 new deaths
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in the oral cavity and pharynx in 2006 1. Despite recent advances in surgical techniques and
improvement in radiation therapy, the median survival of patients with head and neck cancer
has changed little over the past few decades 2. Thus, a better understanding of molecular and
genetic feature of head and neck cancer would be critically helpful for the development of new
methods for early diagnosis, monitoring, and targeting therapy, and the eventual improvement
in the survival rate. Recently, significant progress has been achieved in the understanding of
the molecular genetic events underlying the development of oral squamous cell carcinoma,
which includes inactivation of multiple tumor suppressor genes (p16, p53, p14, and FHIT) and
activation of oncogenes (cyclin D1and EGFR) 3, 4. However, the molecular genetic profile of
pharyngeal carcinogenesis is relatively less understood.

PIK3CA, which is a member of phosphatidylinositol 3-kinases (PI3Ks) family, has been
demonstrated to function as an oncogene in some human cancer types in vivo and in vitro 5–
8. Recent studies have revealed a high frequency of somatic mutations at the PIK3CA locus in
several human cancers 7, 9–12. Approximately 80% of these somatic mutations clustered in the
helical domain (exon 9) and kinase domain (exon 20) of PIK3CA 7. The three most frequent
mutational spots of the PIK3CA gene, named H1047R, E545K, and E542K, are located at its
exons 9 and 20. These mutations have been shown to elevate the PIK3CA oncogenic activities
via the Akt signaling pathway 8, 13. Increasing evidence has shown that PIK3CA plays an
important oncogenic role in the tumorigenesis of many human cancer types, including human
head and neck cancer 11.

The phosphatidylinositol 3′-kinase (PI3K) pathway is frequently activated in head and neck
cancer through genomic amplification or activating mutation of the PIK3CA gene, or the loss
of expression and/or function of the inhibitory Pten protein, that results in the activation of the
Akt oncogenic signaling pathway 11, 14–17. We have previously reported PIK3CA mutations
in head and neck squamous cell carcinoma (4/38, 11%), and three of the reported PIK3CA
mutations were identified in six pharyngeal squamous cell carcinoma samples in the study
11. Due to the small sample size in that study, the true mutation frequency of PIK3CA in
pharyngeal cancer could not be determined. To address that issue, in this present study, we
aimed to investigate the mutation frequency of the PIK3CA gene in additional 24 pharyngeal
cancer specimens.

MATERIAL AND METHODS
Patients and tissue samples

Twenty-four cases of paraffin-embedded pharyngeal cancer blocks were obtained from the
Department of Pathology of the Columbia University Medical Center (CUMC). The
acquisition of the tissue specimens was approved by the Institutional Review Board and
performed in accordance with Health Insurance Portability and Accountability Act (HIPAA)
regulations. The 24 cases studied included five surgical resection specimens and nineteen cases
of small biopsy specimens. They came from five female and nineteen male patients, with ages
ranging from 38 to 78 years-old (average 57.9 ± 12.2 years-old). Eleven were heavy smokers
(more than 40 packs per year), two were moderate smokers, two had no smoking and had only
occasional alcohol use, and the remaining nine patients’ history was not available. Two of the
11 heavy smokers also had heavy alcohol consumption and one abused cocaine. One patient
was a HIV carrier. All patients were diagnosed as squamous cell carcinomas of the pharynx.
The grade of cancer in these patients was four well-, 18 moderately-, and two poorly-
differentiated. The cases were reviewed by two pathologists and the diagnosis confirmed.

Five 10μm thickness sections were cut for each case and genomic DNA was extracted from
the tumor tissues using QIAmp DNA Kit (QIAGEN Inc., Valencia, CA). The procedures were
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performed according to the manufacturer’s instructions for purification of genomic DNA from
paraffin-embedded tissue.

Conventional genomic sequencing
Exons 9 and 20 of PIK3CA gene were analyzed by PCR amplification of genomic DNA (40ng
each) and direct sequencing of the PCR products. New PCR primers were designed for this
study to allow more efficient amplifications of genomic DNA from paraffin-embedded tissues.
Primers for exon 9 were also designed to avoid interference from a homologous pseudogene
located on chromosome 22q11.2 cat eye syndrome region 11. The primers for the PIK3CA
exons 9 and 20 are PIK-E9F: CCAGAGGGGAAAAATATGACA; PIK-E9R:
CATTTTAGCACTTACCTGTGAC; PIK-E20F: CATTTGCTCCAAACTGACCA; PIK-
E20R: TGAGCTTTCATTTTCTCAGTTATCTTTTC. Before sequencing, PCR products
were purified using the Geneclean Turbo Nucleic Acid purification Kit (Qbiogene, Irvine, CA).
Finally, purified DNA fragments were sequenced using the corresponding forward PCR
primers. Samples found to have a genetic alteration in the target gene were subsequently
sequenced in the reverse direction to confirm the mutation using the reverse PCR primers. The
mutation was then further verified by sequencing of a second PCR product derived
independently from the original template. All sequencings were performed with ABI’s 3100
capillary automated sequencers at the DNA facility of the CUMC 11.

Mutant-enriched sequencing for detecting PIK3CA mutations, H1047R, E545K, and E542K
To detect the PIK3CA hot-spot mutation A3140G (H1047R), each sample (40ng of genomic
DNA) was first amplified using outer primers PIK-E20OF
(GACATTTGAGCAAAGACCTGAA) and PIK-E20OR (ATCAAACCCTGTTTGCGTTT)
for 30 cycles. After this first round of PCR, 2μl from each PCR product were digested with
2μl of restriction enzyme BsaBI (10U/ul, New England BioLabs, Ipswich, MA) in a total of
50 μl volume at 60°C overnight. Then 2μl of the digest were used for the second round of PCR
for 40 cycles. The primers for the second PCR are PIK-E20IF
(CATTTGCTCCAAACTGACCA) and PIK-E20IR
(TGAGCTTTCATTTTCTCAGTTATCTTTTC). Each PCR product with the correct size was
purified for DNA sequencing using the same primers as for the second PCR (PIK-E20IF or
PIK-E20IR) (Fig. 1A).

For mutant-enriched sequencing of PIK3CA exon 9 hot-spot mutation, G1633A (E545K), the
procedure is similar to the one described above for the hot-spot mutation A3140G, except for
the enzyme and primers used. A mismatch primer PIK-E9MF
(TCTACACGAGATCCTCTCTCTGTAATCTC) was used as the forward primer for both
rounds of PCR. The reverse primers for the first and second PCR were respectively PIK-E9OR
(GCATTTAATGTGCCAACTACCA) and PIK-E9IR
(CTGAGATCAGCCAAATTCAGTTATTTTTTC). The restriction enzyme digestion was
performed with Hpy188I at 37°C overnight. The reverse PCR primer PIK-E9R was also used
as the DNA sequencing primer (Fig. 1B).

For the hot-spot mutation at exon 9, G1624A (E542K), the PCR strategy of mutant-enriched
sequencing is the same as the one described above for the hot-spot mutation G1633A (E545K),
in which a mismatch primer is designed to create a unique restriction enzyme site EcoRI in the
PIK3CA exon 9 region. The mismatch primer PIK-2E9MR
(CATAGAAAATCTTTCTCCTGCTCAGTGAAT) was used as the reverse primer for both
rounds of PCR. The forward primers for the first and second PCR were respectively
PIK-2E9OF (GATTGGTTCTTTCCTGTCTCTG) and PIK-2E9IF
(TTGCTTTTTCTGTAAATCATCTGTG). The restriction enzyme EcoRI digestion was
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performed at 37°C overnight. The forward PCR primer PIK-2E9IF was also used as the DNA
sequencing primer (Fig. 1C).

The PCR condition for all the PCR reactions is 94°C, 2 minutes; (94°C, 30 seconds; 60°C, 30
seconds; 72°C, 30 seconds) × 40 cycles; 72°C, 5 minutes.

RESULTS
Conventional DNA sequencing detected PIK3CA mutations only in surgically resected but
not in biopsy specimens of pharyngeal cancer

We initially screened for PIK3CA mutation in 24 cases of pharyngeal squamous cell carcinoma
samples using the direct genomic sequencing method that we had applied to our previous study
on HNSCC 11. Because most pharyngeal cancers are treated non-surgically (i.e. concurrent
chemoradiation), 19 of our specimens were biopsy tissues. Two mutations of PIK3CA were
identified in the five resection samples and none in the biopsy specimens. One was PIK3CA
hot-spot mutation G1633A (E545K) (Fig. 2A). The other mutation, was a missense mutation
in exon 20 nucleotide 3127 A→ G, led to a codon 1043 ATG (Met)→GTG (Val) substitution
(Fig. 2B). This missense mutation of PIK3CA has been reported previously 18. Both mutations
were not detected in the surrounding normal tissues, thus both were somatic mutations.

Mutant-enriched sequencing identified PIK3CA hotspot mutation H1047R in samples
screened negative by conventional DNA sequencing approach

Conventional DNA sequencing method only recognizes the mutant DNA if it is present in more
than 10 percent of a mutant/wild-type mixed population in primary tumor tissue 19, 20.
Therefore we hypothesized that the low tumor to normal cell ratio in our biopsy specimens
may have generated some false negative results and contributed to the lower frequency of
PIK3CA mutation observed in the current study (2/24, 8.3%) than our previous report (3/6,
50%) 11. The unexpectedly low mutation frequency of PIK3CA in the biopsy samples might
also have been caused by the overall low or poor DNA contents available in these tissues. We
set out to develop a mutant-enriched sequencing method to detect hot-spot mutations of
PIK3CA in specimens with low tumor DNA contribution, such as biopsy samples.

Mutant-enriched sequencing methods generally involve a first-round PCR, restriction enzyme
digest, and a second-round PCR. They selectively amplify the mutant copy of a target gene in
the second round of PCR by reducing the wild-type copy number via a restriction enzyme
digestion that is specific for the wild-type sequence after the first round PCR. Thus, mutant-
enriched DNA sequencing is particularly valuable when the ratio of mutant DNA is expected
to be low. In our method of mutant-enriched sequencing for the detection of PIK3CA exon 20
hotspot mutation A3140G (H1047R), we took advantage of a natural restriction enzyme site
on the wild-type sequence that can be recognized and digested by enzyme BsaBI (cuts
GATNNNNATC). This enzyme site is destroyed when the DNA is mutated, thus enzyme
BsaBI exclusively digests the wild-type PIK3CA exon 20 DNA, but not the mutant A3140G
(H1047R) sequence (Fig. 1A).

The feasibility of our method was first investigated in a head and neck cancer cell line, Detroit
562, which harbors the H1047R mutation 11. As shown in Figure 3A1–2, both the mutant and
wild-type peaks were observed at 1:1 ratio as expected using conventional genomic sequencing
(Fig. 3A1), and the wild-type peak was entirely eliminated when our mutant-enriched
sequencing method was applied (Fig. 3A2). To determine the sensitivity of our assay, we made
a series of dilutions of the genomic DNA from mutant cell line Detroit 562 with DNA from
another cell line that has two wild-type PIK3CA alleles. When the ratio of mutant and wild-
type DNA copies reached beyond 1: 360, the mutant peak could still be recognized by mutant-
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enriched sequencing (Fig. 3A2). In contrast, with conventional PCR-sequencing, the mutant
peak disappeared when the ratio of mutant and wild-type DNA reached 1:18. This indicated
that mutant-enriched sequencing was at least twenty fold more sensitive than direct genomic
sequencing.

Using this mutant-enriched sequencing method, two additional mutations of the PIK3CA gene
were identified in these 24 pharyngeal cancer samples (data not shown and Table 1). This result
supported our hypothesis that the low frequency of PIK3CA mutation detected in clinical
pharyngeal cancer biopsy samples by the conventional DNA sequencing method was partially
caused by the contamination of normal cells.

Mutant-enrich sequencing for PIK3CA exon 9 hotspot mutation E545K
For mutant-enriched sequencing of PIK3CA exon 9 hotspot mutation, G1633A (E545K),
mismatch primer (PIK-E9MF) was designed to introduce two A→ T nucleotide mismatches
in the forward primer to create a unique restriction enzyme site Hpy188I (TCNGA) (Fig. 2B),
because there is no natural unique restriction enzyme site specific for the wild-type but not the
mutant DNA sequences at this hot-spot. Using a patient’s tumor DNA with known PIK3CA
E545K mutation (patient No. 4, Table 1), we showed that using our mutant-enriched
sequencing method, only the mutant peak remained while the more prominent wild-type peak
observed in the conventional sequencing assay disappeared (Fig. 3B1–2). Applying this
powerful method, we screened the 24 pharyngeal cancer samples. We did not uncover any
additional cases at this hot-spot mutation.

Mutant-enrich sequencing for PIK3CA exon 9 hotspot mutation E542K (G1624A) and a non-
hot-spot mutation E542G (A1625G)

We applied the same mismatch PCR strategy to enrich the mutant allele of PIK3CA hotspot
mutation E542K. A restriction enzyme EcoRI site was introduced by the mismatch primer
PIK-2E9R. EcoRI digestion disrupted the wild-type PIK3CA DNA, but not the mutant of
PIK3CA E542K sequences (Fig. 1C).

This mutant-enriched sequencing method was tested in a previously reported patient sample
with a known PIK3CA E542K mutation 11. We showed that only the mutant peak remained
while the corresponding wild-type peak completely vanished when the mutant-enriched
sequencing was applied (Fig. 3C1–2). Interestingly, this method can detect not only the E542K
(G1624A) mutation, but also a previously described non-hot-spot E542G (A1625G) mutation
13 (data not shown). We screened the 24 specimens of pharyngeal cancer and an additional
case of PIK3CA E542K (G1624A) mutation was identified (Fig. 3C3–4).

Five mutations of the PIK3CA gene were identified in the 24 pharyngeal cancer samples
Five mutations of PIK3CA were identified in the 24 cases of pharyngeal cancer by the
combination of conventional sequencing and mutant-enriched sequencing methods (Table 1).
Four of the five mutations could have been identified by the mutant-enriched sequencing
methods alone because they were hot-spot mutations (4/5, 80%), but only two were detectable
by the conventional sequencing method (2/5, 40%). Two patients with PIK3CA mutations were
not smokers and only drank alcohol occasionally, while one was a heavy smoker and drank
alcohol occasionally (Table 1). There is no apparent association between PIK3CA mutation
and smoking or alcohol consumption. There is also no apparent association between
PIK3CA mutation and the degree of tumor cell differentiation (Table 1).
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DISCUSSION
Previously we reported PIK3CA mutations in head and neck cancers (4/38, 10%), three of the
four were identified in pharyngeal cancer samples (3/6, 50%) 11. However, whether PIK3CA
can be used as a potential biomarker for diagnosis and molecular target therapy in pharyngeal
cancer was unclear, due to the small sample number available at the time. Therefore, we decided
to investigate the frequency of PIK3CA mutation in pharyngeal cancer using 24 additional
samples.

Initially, only two mutations of PIK3CA, including a hotspot mutation E545K and a missense
mutation in exon 20 nucleotide 3127 A→ G, were found in five surgically resection specimens
and none in 19 biopsy specimens by the conventional genomic sequencing method. We
attributed this low mutation frequency to the quality of clinical biopsy samples. Clinical biopsy
samples often contain small numbers of tumor cells mixed with a large population of normal
cells. The mutant DNA is often missed by the conventional PCR- sequencing method. To
increase the sensitivity of detecting PIK3CA gene mutation, we developed novel mutant-
enriched DNA sequencing methods for its three hot-spot mutations, H1047R, E545K and
E542K. The three hot-spot mutations account for 78.6% of all PIK3CA mutations reported 7,
21. We were able to show that mutant-enriched sequencing can identify the H1047R mutant
DNA in a mixed population with wild-type DNA at sensitivity of 0.0028 (1 mutant: 360 wild-
type DNA copies). Using this mutant-enriched sequencing method for H1047, we found two
additional mutations in these pharyngeal cancer samples. An additional mutation was identified
by the mutant-enriched sequencing protocol for hotspot mutation H542K (G1624A). Thus, a
total of five PIK3CA mutations were identified in 24 cases of pharyngeal cancer in combination
of regular DNA sequencing and mutant-enriched sequencing. It is important to note that four
of the five mutations were hot-spot mutations and could have been identified by the mutant-
enriched sequencing methods alone (4/5, 80%), but only two were detectable by the
conventional sequencing method (2/5, 40%). This means that the ability to detect PIK3CA
mutations increased by 200% when the mutant-enriched sequencing methods are utilized. The
80% detection rate is within the expectation, because the three hot-spot mutations account for
~80% of total PIK3CA mutations. Two patients with PIK3CA mutations did not have a history
of smoking or alcohol-abuse. This suggests that PIK3CA mutation might be a critical cause for
those pharyngeal cancer patients without history of smoking and alcohol consumption.
PIK3CA mutation was not found associated with the degree of differentiation in the current
study.

The primers for the mutant-enriched sequencing analyses of the PIK3CA exon 9 hotspot
mutations were designed to avoid interference from a homologous pseudogene located on
chromosome 22q11.2 cat eye syndrome region 11. At least one of the two primers for each
PCR amplification contains mismatched base pairs to the pseudogene. Those mismatched
nucleotides in either the forward and/or reverse primers seemed sufficient to prevent PCR
amplification of the pseudogene in our mutant-enriched sequencing analyses. This was
supported by the fact that we never observed the A1634C change in our samples. The A1634C
change was mistaken as a mutation in previous literatures, when in fact it is only one of the
dissimilarities between the pseudogene and PIK3CA at Exon 9, nucleotide 1634 (it’s A for
PIK3CA and C for the pseudogene) 11. We also did not observe the frameshift change that had
also been associated with the amplification of the pseudogene 11.

Comparing to mutant-selective PCR and restriction fragment length polymorphism (RFLP)
analysis 19, 20, we believe that our mutant-enriched sequencing method is more sensitive and
specific because: 1) there is the possibility of the non-specific digestion by the restriction
enzyme when confirming the mutation by PCR-RFLP; 2) small amount of mutant DNA after
digestion may not be enough to be visualized on an agarose gel in the PCR-RFLP analysis.
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The mutant-enriched sequencing method directly displays the exact nucleotide sequence; 3)
the mutant-enrich sequencing method is not limited by available restriction enzyme sites. A
unique enzyme site could be introduced by mismatch PCR, as we have done for the detection
of PIK3CA exon 9 hot-spot mutations E545K and E542K. Thus, the mutant-enriched
sequencing method is more superior to both the PCR-RFLP analysis and the conventional
genomic sequencing assay for detecting hot-spot mutations. This method is particularly
valuable in clinical applications where tumor samples are often mixed with a large population
of normal cells.

Our current study concluded that PIK3CA mutation frequency in pharyngeal cancer is ~21%
(5/24). A recent study of PIK3CA mutation in nasopharyngeal carcinoma reported two
mutations in six cell lines and but none was identified in 40 clinical samples (4.3% or 2/46)
15. It is possible that the low tumor to normal DNA ratio in their clinical samples might have
contributed to the negative finding in that study. Thus, a more sensitive assay could have
improved the detection of PIK3CA mutations in such clinical samples where limited amounts
of tumor DNA were available.

In conclusion, sensitive mutant-enriched sequencing methods were developed to detect the
three hotspot mutations of the PIK3CA gene in clinical tumor samples. This novel detection
method can detect approximately 80% of all PIK3CA mutations 21 and is valuable in clinical
applications particularly in samples with little tumor cell contribution (i.e. biopsy samples) or
with tumor subclones that usually go undetected by the conventional sequencing method
because of their minor cellular populations. Several studies have shown that PIK3CA and its
pathway are potential targets for chemotherapy or radiation therapy, including target therapies
for EGFR, Her-2, mTOR, and Akt 22, 23. Therefore, the clinical applications of the mutant-
enriched sequencing methods would have great potential impacts on early detection and target
therapy for many cancer types harboring frequent PIK3CA mutations (e.g. breast cancer,
colorectal cancer).
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Fig. 1. The schematic of the mutant-enriched sequencing methods for detecting PIK3CA mutations,
H1047R, E545K and E542K
A. The protocol for detectingPIK3CA mutation H1047R. Enzyme BsaBI specifically cuts the
wild-type sequences of the exon 20, but not the mutant copies with A3140G nucleotide
alteration. After digesting the first PCR product with the enzyme BsaBI, the second PCR
selectively amplifies the mutant copies. B. A unique restriction enzyme site Hpy188I was
introduced by mismatch PCR for detecting PIK3CA mutation E545K. The mismatch primer
(PIK-E9MF) has two A→ T nucleotide substitutions in the forward primer to create a unique
enzyme site Hpy188I in the wild-type sequences of the PIK3CA exon 9, but not the mutant
sequences. C. The mismatch primer PIK-2E9MR was designed to create a unique restriction

Qiu et al. Page 9

Int J Cancer. Author manuscript; available in PMC 2009 December 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



enzyme site EcoRI for enriching PIK3CA mutation E542K (G1624A) and E542G (A1625G)
with the similar strategy for the hot-spot mutation E545K.
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Fig. 2. Two mutations of PIK3CA were identified in 24 pharyngeal cancer samples using
conventional DNA sequencing
A. Hot-spot mutation G1633A (E545K) of PIK3CA gene causes a change in amino acid codon
from 545 GAG (glutamic acid) to AAG (lysine). B. A point mutation at PIK3CA exon 20 nt
3127A→G leads to codon substitution from 1043 ATG (Met) to GTG (Val).
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Fig. 3. The detection of PIK3CA hot-spot mutations by mutant-enriched sequencing
A1–2. The sensitivity of the mutant-enriched sequencing protocol for the exon 20 H1047R
mutation was investigated in head and neck cell line Detroit 562, whose genome had been
reported to harbor a H1047R mutation 11. A1. Both wild-type A and mutant G peaks were
detected at 1:1 ratio as expected by conventional genomic sequencing of the cell line Detroit
562 DNA (non-diluted). A2. When the ratio of mutant and wild-type DNA reached 1: 360, the
mutant G peak was still the only peak detected in the cell line Detroit 562 DNA by mutant-
enriched sequencing. B1–2. A patient sample with a known E545K mutation was used to test
the mutant-enriched sequencing protocol for the exon 9 E545K mutation. B1. Antisense
sequencing of the mutated site by the conventional genomic sequencing (marked by the black
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arrow) detected both the wild-type and the mutant alleles. B2. The peak representing the wild-
type allele in the same sample disappeared when the mutant-enriched sequencing method was
applied (indicated by the black arrow). The red arrow marks the nucleotide A1630T change
that was introduced by mismatch primer (PIK-E9MF) in order to generate the restriction
enzyme Hpy188I (TCNGA) site. C1–4. The mutant-enriched sequencing method identified an
undetected PIK3CA hotspot mutation E542K (G1624A) by the conventional sequencing.
C1. Forward sequencing of a clinical sample with a known E542K mutation by the conventional
genomic sequencing method (marked by the black arrow) displayed a dominant presence of
the wild-type allele over the mutant allele. C2. The wild-type allele in the same sample
disappeared when the mutant-enriched sequencing method was applied (indicated by the black
arrow). The red arrow marks the nucleotide A1627T change that was introduced by mismatch
primer (PIK-2E9MF) to generate a unique restriction enzyme EcoRI (GAATTC) site. The case
of pharyngeal cancer that had been tested negative for a mutation by the conventional genomic
sequencing method (C3), but was subsequently identified with a PIK3CA E542K mutation
using the mutant-enriched sequencing method (C4).
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