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Abstract

Accurate measurement of human epidermal growth factor receptor 2 (HER2) copy number variation (CNV) is very impor-
tant for guiding the tumor target therapy in breast cancer. Digital PCR (dPCR) is a sensitive and an absolute quantitative
method, which can be used to detect HER2 CNV. Three HER?2 exon-specific digital PCR assays along with three new ref-
erence genes assays (homo sapiens ribonuclease P RNA component H1 (RPPH]1), glucose-6-phosphate isomerase (GPI),
and chromosome 1 open reading frame 43 (C1ORF43), on different chromosomes) were established and validated by using
standard reference material, 8 different cell lines and 110 clinical Formalin-fixed and paraffin-embedded (FFPE) samples.
DPCR can achieve precise quantification of HER2 CNV by calculating the ratio of HER2/reference gene. The positive and
negative coincidence rates were 98% (53/54) and 95% (53/56), respectively, compared with fluorescence in situ hybridiza-
tion (FISH) diagnostic result 110 of FFPE samples. The common reference gene CEP17 used for FISH diagnostic was not
suitable as single reference gene for HER2 CNV measurements by dPCR. The best practice of HER2 CNV determination
by dPCR is to conduct the three duplex assays of H1 (HER2 exon 4) with the proposed three new reference genes, with a
positive cut-off value of HI/RPPH1 > 2.0 or Hl/averaged reference gene >2.0. The proposed dPCR method in our study can
accurately provide absolute copy number of HER?2 and reference gene on an alternative chromosome, thus avoiding false
negative caused by polysomy of chromosome 17. The improved molecular typing and diagnosis of breast cancer will better
guide clinical medication.
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Introduction International Agency for Research on Cancer (IARC)
(https://www.iarc.who.int/wp-content/uploads/2020/12/
pr292_E.pdf). HER2-positive breast cancer accounts for

about 20% ~30% of invasive breast cancer, which is charac-

Breast cancer is the most common malignant tumor in
women [1], which is a serious threat to patients’ life and

health. Breast cancer has become the most frequent cancer in
the world according to the recent report on the global cancer
burden for 2020 released by World Health Organization’s
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terized by high invasiveness, high risk of recurrence, rapid
progression, and poor prognosis [2]. Detection of HER2
gene expression in tumor cells of breast cancer patients
is beneficial to the choice of treatment and prognosis. For
example, successful anti-tumor treatment with trastuzumab
(Herceptin) is strongly correlated with HER2 overexpression
in the tumor.

Currently, fluorescence in situ hybridization (FISH) and
immunohistochemistry (IHC) are the major methods for
detection of HER?2 overexpression at gene and protein level
in clinical practice, respectively. The American Society of
Clinical Oncology defines HER2-positive tumors as those
with an average copy number of HERZ2 genes per nucleus > 6
(single probe test) or HER2/CEP17 ratio > 2.2 (double probe
test) detected by FISH [3, 4], but discordance may occur in
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cancers with increased CEPI7 copy number. Those with
HER2/CEP17 ratio< 1.8 or HER2 copy number <4 per
nucleus were defined to be negative. Therefore, those with
1.8 < HER2/CEP17 ratio < 2.2 followed in an equivocal
region is another issue need to improve.

CEP17 is a common reference probe approved by the
US Food and Drug Administration (FDA) for the detection
of HER?2 amplification in the FISH. However, an increase
of CEP17 signal detected in breast cancer patients would
affect the analytical result based on the HER2/CEP17 ratio.
It is estimated that this occurs in 2% to 9% of breast cancers
[5, 6]. In a comprehensive study, Wolff et al. [3] stated that
approximately 20% of current HER? testing may be inaccu-
rate, which underscores the importance of developing more
accurate and sensitive methods to determine HER?Z status.

A number of reports highlight the superior performance
of digital PCR (dPCR) for copy number variation (CNV)
analysis [7, 8]. DPCR, as an absolute copy number measure-
ment method, is ideally fit for detection of HER2 amplification
[9-14]. It has been reported that dPCR can detect a 1.25-fold
difference in copy number in cell line DNA [8], which will
increase the sensitivity and reduce the equivocal region sig-
nificantly. However, further validation in clinical samples is
needed. The aim of this paper is to (1) develop highly accurate
and sensitive dPCR assays to detect copy number concentra-
tion of HER?2, (2) explore a potential new reference genes to
determine HER2 CNYV, (3) test suitability of the common refer-
ence gene CEP17, and (4) examine the proposed new method
by testing clinical samples from breast cancer patients.

Materials and methods
Cell lines culture and genomic DNA extraction

HER2-positive cell line (HCC1954, CRL-2338™) was
purchased from ATCC (USA), and HER2-negative cell
(PLCL7) was provided by Fudan University. The 1640 cul-
ture medium was used for two cell lines, with 10% Fetal
bovine serum (FBS, Invitrogen, #10099141) and 1% Peni-
cillin-Streptomycin Solution (Invitrogen, #15140122).
Genomic DNA was extracted by using the QIAGEN DNA
purification kit (QIAGEN, #13362) according to the manu-
facturer’s instructions. The sizes of the major fragments of
the extracted genomic DNAs were higher than 10 kb.

Clinical samples

One hundred and eleven FFPE clinical breast tumor sam-
ples were provided by PLA Rocket Force Characteris-
tic Medical Center. All the samples have been assessed
previously by IHC and FISH at PLA Rocket Force
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Characteristic Medical Center. The DNA was extracted by
using the GeneRead DNA FFPE kit (QIAGEN, #180134).

All patients were informed that the samples were not
only used for pathological diagnosis by FISH and immuno-
histochemistry, but also for non-profit scientific research.
The dPCR analysis was performed on existing samples
collected during standard diagnostic tests, posing no extra
burden to patients.

IHC and FISH

[HC and FISH testing of the HER?2 breast cancer samples
were completed by PLA Rocket Force Characteristic Med-
ical Center. The method is described in detail in Electronic
Supplementary Material. The results of FISH and THC of
the 111 clinical specimens were shown in Electronic Sup-
plementary Material Table S1.

DPCR assay optimization

The primers and probes for three exon-specific assays (H1:
exon 4, H2: exon 16, H3: exon 24) for HER2 gene and for
reference genes assays were designed with Primer Express
3.0.1 software (Electronic Supplementary Material
Table S2). To determine CNV of HER?2, three potential ref-
erence genes, Homo sapiens ribonuclease P RNA compo-
nent H1 (RPPH1), glucose-6-phosphate isomerase (GPI),
and chromosome 1 open reading frame 43 (CI1ORF43),
were chosen according to previous reports [15]. CEP17,
the most frequent reference gene in HER? clinical diagnos-
tics, was also tested [10]. For the six proposed new assays
(H1, H2, H3, RPPHI, GPI, and CIORF43), each PCR
was firstly conducted for the optimization based on the
quantification of copy number concentration and separa-
tion of positive and negative cluster. The optimization of
annealing temperature and concentration of primers and
probes was shown in Electronic Supplementary Material
Figs. S1 and S2, respectively. In brief, 20 pL reaction
mixtures were prepared, containing the template DNA
(2 ng~42 ng), 2 xddPCR supermix for probes without
UNG (BioRad, CA, USA), primers, and probes. Droplets
were generated on a QX200 droplet generator (BioRad,
CA, USA). The optimized primer and probe concentration
was in Electronic Supplementary Material Table S2. The
PCR was performed at 95 “C for 10 min; 94 °C for 30 s, 60
°C for 1 min with 40 cycles; and 98 “C for 10 min by using
a thermocycler (Viti). Then, the thermal cycled plate was
analyzed on QX200 droplet reader (BioRad, CA, USA).
Data analysis was performed with the QuantaSoft software
(version 1.7.4., Bio-Rad). For detailed dPCR workflow,
please refer our previous report [16].
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Dynamic range and limit of blank, detection,
and quantification of HER2 CNV

To determine the dynamic range of the above dPCR assays
for HER2 CNV, a series of dilutions was prepared by mix-
ing the HER2-positive cell line genomic DNA with a con-
stant concentration of wild-type PLCL7 genomic DNA.
Each dilution was analyzed in three replicates with three
duplex assays (H1 with RPPHI, H2 with RPPHI and H3
with RPPH 1, respectively). The ratios of copy number con-
centration of HER2 to RPPHI (H1 to RPPHI,H2 to RPPH1
and H3 to RPPH 1, respectively) was calculated.

The limit of blank (LoB), limit of detection (LoD) and
limit of quantification (LoQ) for HER2 CNV were calculated
according to Egs. (1) and (4) reported in the guideline of
EP17-A [17].

Method validation with certified reference material

HER?2-positive standard reference materials (SRM2373,
including five different cell line genomic DNA) purchased
from National Institute of Standards and Technology
(NIST) were used to validate the dPCR assays. Both the
primer and probe for HER?2 and reference gene DCK listed
on the NIST’s certificate was synthesized and tested firstly
by using the SRM2373. Then, the proposed six assays,
including three HER?2 exon specific assays and four refer-
ence gene assays, in a duplex way (H1/RPPH1, H1/GPI,
H1/CIORF43, H2/CEP17, H3/CEP17) with three repli-
cates, were validated using the same reference material.
And duplex assay of HER2 and reference gene CEP17
in previous report [10] was compared with our proposed
assays. The reaction mixture, with a total volume of 20 uL,
comprised 2 uL of template DNA. The PCR and analysis
procedures were described above.

Suitability testing of the new reference genes

At present, there is no uniform application of well-behaved
reference gene in detection of HER2-positive breast cancer.
Even CEP17, the most commonly used reference gene, has
been reported an amplification occurred [5, 6]. Therefore,
three new potential reference genes were chosen accord-
ing to previous study [15], and specific PCR primer and
probe were designed for the three reference genes. In order
to verify whether they are applicable in most cells, eight
cell lines were used for the analysis. The established meth-
ods were used to quantify the copy number concentrations
of the three reference genes in the approximate equivalent
genomic DNA. The test was performed in a duplex format
(H1/RPPH1, H2/GPI, H3/C10ORF43) with three replicates.

Method validation of clinical samples

To verify the applicability of the proposed dPCR method,
111 clinical FFPE samples, including 54 positive and 57
negative samples according to FISH diagnostic results, were
analyzed. One FISH negative sample (P32) was excluded as
none of the assays were amplified and the sample was not
improved after re-extraction. To simplify the analysis, two
duplex assays (one is HI/RPPH 1, another one is H2/CEP17)
were used to determine the HER?2 status for 110 samples
(except P32). Each clinical sample was analyzed with three
replicates. The ratios of HI/RPPHI, H2/RPPH1, H1/CEP17,
and H2/CEP17 were calculated. For some HER2-negative
samples, C1ORF43 or GPI were further tested if RPPHI and
CEP17 were inconsistent.

Results and discussion

Validation of dPCR assay for HER2 copy number
variation

The position of three target exons in HER2 and amplification
results of dPCR is shown in Fig. 1a. The exon-specific assay
generated two clusters (positive and negative) for each exon
(H1, H2, H3), and only one cluster was generated for each
corresponding no-template control (NTC), suggesting there
was no contamination during the analysis. The same is true
for three reference genes (Fig. 1b—d).

To facilitate the detection, three non-competitive duplex
assays (a combination of H1 with RPPHI, H2 with GPI, and
H3 with C1ORF43, respectively, one measuring HER2 copy
number concentration with FAM fluorescence and another
one is measuring reference gene with VIC fluorescence)
were used for detection of HER2 CNV (Electronic Supple-
mentary Material Fig. S3). The copy number concentration
of HER2 in HER2-positive cell lines was about 36 times
higher than that in HER2-negative cell lines (Electronic
Supplementary Material Table S3). However, the results
of three reference genes were not significantly different for
both HER2-positive and HER2-negative cell line. This sug-
gests the three exon-specific assays can be used to detect
the HER2 amplification. The copy number concentrations
of the three HER2 exons were consistent with each other
for HER2-positive and HER2-negative cell line, respectively
(Electronic Supplementary Material Table S3), indicating
no significant difference occurred in the three target exons
in each cell line. The ratios of HER2/RPPH1 calculated
for both HER2-negative and HER2-positive cell lines were
0.94 and 36, respectively. These two cell lines were used for
evaluating the following detection limit of HER2 CNV by
using HI/RPPHI1, H2/RPPH]I, and H3/RPPH1.
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Fig. 1 The location of three exons of HER2 and the optimized results
of dPCR assay for HER2 exon-specific (a) and reference genes
RPPHI (b), GPI (c), and C1ORF43 (d), respectively. The event num-
ber on x axis is the number of accepted droplets. Chl amplitude on

Limit of blank, detection, and quantification

To determine the LoB of HER2 CNYV, the copy number
ratio of HER2 to RPPH 1 was measured in sixty-two duplex
assays of HI/RPPH1, H2/RPPH1, and H3/RPPH1, respec-
tively, obtained from 4 HER2-negative cell line genomic
DNA. LoB was estimated according to the Eq. (1) in EP17-A
[17] due to the distribution of 62 blank measurements for
each duplex experiment was symmetrical (Electronic Sup-
plementary Material Fig. S4). The estimated LoB of 0.98,
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the Y axis is the fluorescence intensity of channel 1 for FAM, and
Ch2 amplitude is the fluorescence intensity of channel 2 for VIC/
HEX

0.98, and 0.99 were obtained for H1/RPPH1, H2/RPPH1,
and H3/RPPH |, respectively. To determine the LoD, 12 rep-
lications were performed on each sample in 5 different runs
with a low ratio ranging from 1.0 to 1.4 of HER2/RPPH1
on three different days to ensure the total assay variation
was reflected. After Shapiro—Wilk test, the 60 measurement
results of samples with low concentration were distributed as
a Gaussian distribution, so LoD was calculated according to
Eq. (2) [17]. Finally, the LoD of the three assays were 1.21,
1.23 and 1.22, respectively (Table 1).
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Table 1 Limit of blank, limit of detection, and limit of quantification
of HER2 CNV dPCR method

H1/RPPHI H2/RPPHI H3/RPPHI

Blank sample ug 0.95 0.95 0.96
op 0.02 0.02 0.02

LoB 0.98 0.98 0.99

Low CNV g 1.20 121 1.21
sample os 0.14 0.15 0.13
LoD/LoQ* 121 122 121

“As the LoQ was calculated based on the estimate (bias+2SDs=1.474,
1.499, 1.482), which is less than the defined goal for total error (1.50),
so the LoQ=LoD

Where pg and o are the mean and standard deviation of the blank
measurements, respectively. Where pg and og are the mean and stand-
ard deviation standard deviation of the population of the low sample
measurements, respectively

Sixty measurements from 5 level samples of HER2/RPPH 1
were used to determine LoQ. The SDs of the 60 measure-
ments of three assays were 0.14, 0.15, and 0.13. The estimate
(bias+2SDs=1.474, 1.499, 1.482) is less than the defined goal
for total error (1.50), so the LoQ=LoD.

LoB = pg + 1.64503 (D

LoD = pg + 1.64505 + 1.6450s )

Dynamic range of HER2 copy number concentration

The linear range was investigated by measuring the ratio
of HI/RPPH1, H2/GPI, and H3/C1ORF43. We tested the
linearity ratio of each exon-specific assay using a dilution
series of HER2-positive template ranging from 1.0 to 36
(Fig. 2). Good linearity (0.84 <slope < 1.01; R*>0.99) was
obtained for all three ratio of HER2/reference gene across
the entire dilution series.

Validation by reference materials

We first used the assays of HER2 and reference gene DCK
listed on the NIST certificate (https://www-s.nist.gov/
srmors/certificates/2373.pdf) to determine the copy num-
ber concentration and ratio of NIST reference materials. The
results showed that they were consistent with the informa-
tion values on the NIST certificate (Electronic Supplemen-
tary Material Fig. S5a and 5b), which showed that our dPCR
process worked properly.

Then, the proposed three HER2 exon-specific assays and
reference genes (RPPHI, GPI, and CIORF43) were vali-
dated by using the NIST reference materials (SRM A-E).
It was found that the copy number concentration of each
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Fig.2 Detection of HI/RPPHI, H2/GPI, and H3/CIORF43 ratio
in the presence of serial dilutions of HER2-positive template rang-
ing from 1.0 to 36. The mean and standard deviation (error bar) are
shown for each dilution (n=3). H1, H2, and H3 representing the
assay for HER?2 exon 4, 16, and 24, respectively

HER2-specific assay of NIM was consistent with the NIST’s
information values (Electronic Supplementary Material
Fig. S6a) in all five SRMs. The copy number concentration
of RPPHI in A, B, C, and D were consistent with NIST
(Electronic Supplementary Material Fig. S6b). However,
we did find a significant increase of RPPHI in SRM E.
The copy number concentration of GPI and C1ORF43 was
different in the NIST SRMs which were from five differ-
ent cell lines, indicating none of the three tested reference
genes were stable in all the five cell lines. However, when
the three reference genes were averaged, significant differ-
ence was only observed in E (Fig. 3b). The averaged copy
number concentration of three reference genes was signifi-
cantly higher than the NIST’s value in SRM E, indicating
an amplification of RPPH1, GPI, and CIORF43 in SRM E.
The copy number ratio of averaged three exons to averaged
three reference genes agreed well with the reference value
of NIST in SRM A-D (Fig. 3c).

Additionally, our proposed assay was compared to the
duplex assay (HER2/CEPI7) in a reported previous paper
[10] and labeled as Method of previous paper in Fig. 3.
The copy number concentrations of HER2 in SRM B, C,
D, and E were consistent determined by three methods.
However, it was significantly lower than that determined by
methods of national institute of metrology (NIM) and NIST
in SRM A. Interestingly, the CEP17 copy number concen-
tration was consistent with that determined by methods of
NIM and NIST in SRM D, but significant higher in other
four SRMs. This leads to a significant lower in the ratio of
HER2/CEP17, which indicates CEP17 is also not stable in
SRM A, B, C, and E.
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Fig.3 Five NIST standard reference materials (A-E) were used for
validation of our proposed dPCR method and previously reported
method. a HER2 copy number concentration quantified by the pro-
posed assays in this study (labeled as HER2-NIM, an averaged value
of the three exon specific assays+95% confidence interval (CI)),
previously reported assay (labeled as HER2-Method of previous
paper, mean+95% CI) and NIST’s assay (labeled as HER2-NIST,
mean=+95% CI). b Reference gene copy number concentration quan-
tified by the proposed assays (labeled as Reference gene-NIM, the
averaged value of RPPHI, GPI, and CIORF43 +95% CI), previously
reported assay (labeled as Reference gene-Method of previous paper,
the mean value of CEP17+95% CI) and NIST’s assay (labeled as
Reference gene-NIST, mean+95% CI). ¢ Ratio of HER2/Reference
gene characterized by this study (labeled as Ratio-NIM, mean +95%
CI), previously reported assay (labeled as Ratio-Method of previous
paper, mean+95% CI) and on NIST’s certificate (labeled as Ratio-
NIST, reference value +95% CI)
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Suitability of reference genes in different cell lines

In order to verify the applicability of the three potential ref-
erence genes as well as CEPI7, the copy number concen-
trations of HER?2 and four reference genes (RPPHI, GPI,
CI10ORF43, and CEP17) as well as their ratios were ana-
lyzed in 8 randomly selected cell lines (Fig. 4). However, it
is meaningless to compare the absolute copy number con-
centration of each target gene in different cell lines since
the input of each cell line DNA amount may be different.
Therefore, we compared the copy number concentration of
HER? and four reference genes in the same cell line. The
results showed that the copy number concentrations of
HER? and reference genes were consistent in 8 cell lines
(Fig. 4a). However, the ratio of HER2/CEP17 increased in
PLCLS5 and SW620, and ratio of HER2/RPPH 1 decreased
in HCT116 (Fig. 4b).

Validation by analysis of clinical samples

The copy number concentrations of H1, H2, CEP17, and
RPPH] for all samples were listed in Electronic Supple-
mentary Material Table S4-S5, respectively. The ratios of
HI1/RPPHI, H2/RPPHI, H1/CEP17, and H2/CEP17 were
shown in Fig. 5. A significant difference was observed
between HER2/RPPH1 and HER2/CEP17 in the FISH pos-
itive samples (Fig. 5a, p>0.0001). However, most ratios
were > 2.0, thereby HI/RPPH1 >?2.0 was used as the cut-off
value to distinguish positive. Consequently, only one sam-
ple (P23" with a ratio of 1.7) was selected out as a negative
(a FISH false positive, Electronic Supplementary Material
Table S4). P23 was further confirmed to be a negative when
referring the ratio of H2/RPPH1 (equal to 1.2). After review-
ing the copy number concentration of HI and H2, we found
that H1 was higher than H2 in most samples, indicating that
H1 (HER?2 exon 4) is more sensitive in degraded sample
due to the amplification length of H1 (53 bp) is shorter than
that of H2 (63 bp). The cut-off value of HI/RPPHI >2.0
is confirmed to be suitable for the HER2-positive sample.
We also tested if CEP17 can be used for detection of
HER2 CNV in the clinical samples. When using the
H1/CEP17 >2.0 as the cut-off value, 2 samples with
a ratio<2.0 were selected out. When referring the
H2/CEP17>2.0 as the cut-off value, 9 samples (labeled
with * in Electronic Supplementary Material Table S4)
were selected out. To further reviewing the copy num-
ber concentration, except P23, the other 8 samples can be
attributed to false negative due to their stronger amplifica-
tion of both HER2 and CEPI7. This can be explained by
polysomy of chromosome 17. The amplification of CEP17
in HER2-positive samples leads to a decrease of the ratio of
HER2/CEP17, which can be further confirmed by the sig-
nificant difference between HER2/CEP17 and HER2/RPPH1
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Fig.5 The distribution of copy number ratios of HER2/RPPHI and
HER2/CEP17 in 54 positive samples (a) and 56 negative samples (b).
(ns: no significant; ***: significant, 0.0001 <P <0.05; solid line in
the violin plot is the median and the dashed line is the quartile). H1
and H2 represent the results from the assay of HER2 exon 4 and 16,
respectively. CEP17 and RPPH] represent the results from the refer-
ence gene assay

mentary Material Table S5). To further check if these were
positive, copy number concentration of RPPH was referred,
and the other two reference genes (GPI and C1ORF43) were
tested for consideration.

For the possible positive samples, the averaged copy
number ratio of H1/RPPHI, H2/RPPHI, H1/GPI,
H1/CIORF43 <2.0 was used as the cut off value. According
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to such a cut-off value, 6 samples (highlighted with blue in
Electronic Supplementary Material Table S5) can be con-
firmed as HER2 negative as a significant decrease of RPPH1
was observed, which caused by either unsuccessful amplifi-
cation or deletion. One sample (P52, highlighted with yellow)
with a ratio equal to 2.05 was confirmed as positive, as a
relative higher copy number concentration of HER?2 and nor-
mal copy number concentration of all three reference genes
was observed. However, 4 samples highlighted with green
were needed for further check as no additional copy num-
ber information of GPI and C1ORF43 were obtained due to
sample limitation. Therefore, the copy number concentration
of HER?2 and more than two reference genes as well as their
ratio should be considered in determining the status of HER2,
rather than relying on only one reference gene.

When using the ratio of HI/CEPI17 <2.0 as the cut-
off value, 13 samples with ratio of HI/CEPI17 >2.0 were
selected out (all labeled with * in Electronic Supplementary
Material Table S5). By reviewing the copy number concen-
tration of the other three reference genes, 11 samples were
confirmed as false positive due to deletion of CEP17. It is
interesting to note the rest two samples (P46 and P50) can
be confirmed as positive as copy number concentration of
RPPHI and CEPI17 was consistent. Thereby this further
confirms that CEP17 should not be used as a single refer-
ence gene.

Best practice of HER2 CNV measurements by dPCR

It is well known that FISH relies on the experience of a pathol-
ogist and is a challenge to tumor heterogeneity. In the latest
Chinese Guideline for HER?2 Detection in Breast Cancer [18],
the detection results of double probe FISH can be divided into
five categories: HER2/CEP17 >2.0, (1) if average HER2 copy
number/cell > 4.0, positive; (2) if average HER2 copy number/
cell <4.0, negative; HER2/CEP17 < 2.0, (3) if average HER2
copy number/cell > 6.0, positive; (4) if 4.0 <average HER2
copy number/cell < 6.0, need refer IHC; (5) if average HER2
copy number/cell <4.0, negative. It is especially difficult to
make a decision when the result falls into category 4.

The proposed dPCR method provides the HER?2 and ref-
erence gene copy number concentration as well as the ratio,
which makes the results very objective. Moreover, dPCR using
extracted genomic DNA samples can avoid heterogeneity of
tissue sample. The suitability of exon-specific assays for detec-
tion of HER2 was confirmed by the NIST SRM and clinical
samples, especially HI is more sensitive in clinical samples.
Therefore, H1 should be considered first and H2 can be used as
supplement. For the choice of reference genes, it was observed
in some clinical samples that both a deletion of CEP17 or
RPPH ] caused the ratio of HER2/CEPI17 or HER2/RPPHI] to
be higher than 2.0 and an amplification of CEP7 leading to
a decrease of HER2/CEP17. This indicates that either CEP17
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or RPPH1 should not be used as a single reference gene for
determining the HER2 CNV. RPPH I combined with two other
reference genes are the best choice. Thereby the best practice
of HER2 CNV by dPCR is to conduct the three duplex assays
of combing H1 and three reference genes.

The established dPCR method was used to test 110 samples
of invasive breast cancer, of which 56 samples had a ratio of
H1/RPPHI >2.0, indicating HER?2 positive; The mean value
of HER?2/ reference gene in 54 samples was < 2.0, indicating
HER? negative. By traditional methods (IHC combined with
FISH), the positive and negative coincidence rates were 98%
(53/54) and 95% (53/56), respectively. During the analysis,
we found it difficult to define a good reference gene for deter-
mination of HER? status, although RPPH was stable in most
samples. Therefore, it is recommended to measure RPPH],
GPI and CIORF43.

Due to the small number of samples tested in this study,
the applicability of the HER2/Reference >?2.0 cut-off value for
HER?2-positive samples needs to be further evaluated in future
work. Additionally, this method has great potential application
in liquid biopsy for early diagnostic of breast cancer [19-21].
Thus, our future work will also focus on the suitability of the
proposed method in liquid biopsy.

Conclusion

In this study, a highly sensitive HER2 CNV method by dPCR
was established and evaluated by NIST SRM as well as clini-
cal FFPE samples. Compared with IHC and FISH technolo-
gies, dPCR is not interfered by personnel operation, detection
reagents, and pathologist’s subjective interpretation. It can
achieve precise quantification of the HER2 CNV by calculat-
ing the ratio of HER2/reference and provide powerful help
for the molecular typing and diagnosis of breast cancer, so as
to better guide clinical medication. In addition, the proposed
dPCR method in our study can accurately provide the absolute
copy number of HER?2 and reference genes on an alternative
chromosome, thus avoiding the false negative caused by poly-
somy of chromosome 17.
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