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Clinical significance of sHER2-ECD and calpain-10 expression
in tumor tissues of patients with breast cancer
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Abstract. Human epidermal growth factor receptor 2 (HER?2)
is composed of an extracellular domain (ECD), a lipophilic
transmembrane region and an intracellular domain (ICD).
The most commonly used method to determine the status
of HER?2 is immunohistochemistry. However, false-negative
results are sometimes given, which causes some patients
to lose the opportunity for anti-HER2 therapy. We found
that calpain-10 may prohibit HER2-ECD into peripheral
blood resulting in a HER2-negative result by the immuno-
histochemical method. We enrolled 289 patients into our
experiment to assess the relationship between sHER2-ECD
and calpain-10. The results showed that there was a positive
correlation between SHER2-ECD and calpain-10. Moreover,
we also investigated the prognostic values of sHER2-ECD
and calpain-10 in breast cancer patients. According to the
follow-up results, positive sHER2-ECD and tissue calpain-10
were indicative of a poor prognosis in breast cancer patients.
Subsequently, we further validated the relationship between
the two molecules in in vitro experiments. In the in vitro
experiments, the level of HER2-ECD in the culture medium
was increased or decreased with a decrease or increase in
calpain-10 by transfection technology, showing an inverse
association. The results indicated that sHER2-ECD and
tissue calpain-10 levels were powerful factors to assess the
status of HER2. In combination with tissue HER2 detec-
tion, the occurrence of false-negative HER2 was reduced,
providing patients with additional treatment opportunities.
In conclusion, sHER2-ECD and tissue calpain-10 may be
used as new prognostic indices for breast cancer.
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Introduction

As an independent prognostic factor, human epidermal
growth factor receptor 2 (HER?2) overexpression has been
demonstrated to play a crucial role in overall survival (OS)
and disease-free survival (DFS) of invasive breast cancer
(BC) (1). It is particularly important to correctly evaluate
the molecular state of HER2. HER2 is a 185-kDa transmem-
brane receptor and a dimer with tyrosine kinase activity. It
is composed of an extracellular domain (ECD) which can be
combined with other members of the HER?2 family, a lipo-
philic transmembrane region and an intracellular domain
(ICD) with tyrosine kinase activity (2). Clinically, HER2
status is determined by immunohistochemistry. HER2 (3+)
or HER2 (2+4)/in situ fluorescence hybridization (FISH)
positive is defined as HER2 overex pression/positive, and
HER2 (2+)/FISH negative or HER2 (0-1+) is defined as
HER2-negative/low expression. HER2 positivity reflects a
good prognosis for the application of anti-HER?2 targeted
therapy. However, not all HER2-positive patients are effec-
tively treated with targeted therapy, while approximately
7% of patients with HER2 (0) can achieve good targeted
therapeutic effects (3). Panis et al (3) found that 16% of
HER2-negative and 30% of HER2-positive BC patients
are HER2-ICD positive, while free HER2-ECD is found
in peripheral blood (4). The shedding of HER2-ECD has
been linked to several proteolytic mechanisms that shed
the ECD into the blood, and the remaining HER2-ICD
fragments have the potential to induce effective cell
signaling (5). The clinical anti-HER2 treatment is effec-
tive in some HER2-negative BC patients. In some patients
with HER2-positive BC, ablation of ECD renders targeted
therapy ineffective. Panis et al (3) compared the proteomics
of serum HER2-positive and HER2-negative BC patients
using high-throughput sequencing technology, and found
that patients with HER2-negative BC and calpain-10
overexpression exhibit positive HER2-ICD. Therefore, we
hypothesized that calpain-10 plays an important role in the
shedding of ECD into the blood. In the present study, we
aimed to explore the relationship among HER?2, calpain-10
and serum HER2-ECD (sHER2-ECD). Moreover, we also
investigated the role of these three indicators in the diag-
nosis and treatment management of BC patients.
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Materials and methods

Patient selection. A total of 289 BC patients without any
tumor-related treatment and any other malignant diseases
from April 2016 to October 2016 were enrolled at the Fourth
Hospital of Hebei Medical University in the present study.
The experimental protocols were approved by the Ethics
Committee of the Fourth Hospital of Hebei Medical University,
and informed consent was obtained from all participants. The
diagnosis and treatment were standardized according to the
National Comprehensive Cancer Network (NCCN) guidelines
(https://www.nccn.org/), and the clinical and pathological
characteristics of each patient were examined and recorded.

Sample detection

Detection of ER, PR, HER?2 and calpain-10. The immunohis-
tochemical status of the estrogen receptor (ER), progesterone
receptor (PR), HER2 and calpain-10 was determined using
the pathological tissues collected from the initial biopsy or
surgery before the patient's first admission without any treat-
ment. The tumor samples were first fixed with 4% neutral
(phosphate buffer) formaldehyde fixative solution for 24 h,
and then paraffin-embedded tissue blocks were cut into
4-um sections. Subsequently, the expression levels of ER,
PR, HER2 and calpain-10 in BC tissues were examined by
the S-P method. Immunohistochemical kits for ER, PR and
HER2 were purchased from Ventana Medical Systems, Inc.
Immunohistochemical kit for calpain-10 was obtained from
Abcam. Primary antibodies against calpain-10 (dilution
1:1,000, product code ab28226; Abcam), ER (dilution 1:10;
cat. no. 790-4325; Ventana Medical Systems, Inc.), PR (dilu-
tion 1:100; cat. no. 790-4296; Ventana Medical Systems,
Inc.) and HER2 (dilution 1:100; cat. no. 790-4493; Ventana
Medical Systems, Inc.) were supplied from available commer-
cial sources. Known BC specimens were used as positive
controls, and PBS was used as the negative control instead of
the primary antibody. When the immunohistochemical result
of HER2 was 2+, FISH detection was further performed.
Formalin-fixed paraffin-embedded tissue was examined
using the HER-2 DNA probe kit (Abbott) following the
manufacturer's instructions. The ratio of LSI HER2/neu to
CEP17 was determined via dividing the total number of LSI
HER2/neu signals by the total number of CEP17 signals in the
same 20 nuclei as previously described. If the ratio was =2,
HER2/neu gene amplification was observed.

Determination criteria of ER, PR, HER2 and calpain-10
outcomes. According to the above-mentioned immunohis-
tochemical test results, the determination criteria for ER/PR
results were set as follows: Brown-yellow staining of cancer
cell nuclei <10% was defined as negative expression of ER/PR,
while =10% was defined as positive expression (6).

The determination criteria for HER2 results were set as
follows: i) attention to the proportion of cancer cells with
complete staining of the cell membrane and the staining inten-
sity; ii) cytoplasmic staining was ignored; iii) the staining of
intraductal carcinoma was ignored, and only the staining of
infiltrating carcinoma was evaluated; iv) normal breast epithe-
lium should not be stained. HercepTest scoring standard
recommended by American Society of Clinical Oncology and
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College of American Pathologists was applied (7). Results
were scored from (-) to (3+). Briefly, no staining at all or less
than 10% of the cell membrane staining was defined as (-);
=10% of the cancer cells exhibiting weak and incomplete cell
membrane staining was defined as (+); more than 10% of the
cancer cells showing weak to medium intact cell membrane
staining was defined as (2+); and more than 10% of the cancer
cells showing strong, intact cell membrane staining was defined
as (34). In this test, (- to +) was considered as low expression,
while (+++) was regarded as high expression. Formalin-fixed,
paraffin-embedded tissues of HER2 (2+) patients underwent
FISH test using the HER-2 DNA probe kit according to the
manufacturer's instructions.

Both the staining intensity and the proportion of tumor
cells was taken into consideration since the result of immuno-
histochemical staining was an average score. Each specimen
was independently interpreted by two pathologists who were
blinded to the patient information. A positive response was
defined as the presence of a brown signal in the cytoplasm.
For calpain-10, the staining index (0-12) was determined via
multiplying the staining intensity score by the positive propor-
tion score. The score of staining intensity was set as follows:
Negative, 0; weak, 1; medium, 2; strong positive, 3. The score
of the proportion of positive cells was set as follows: 0, <5%; 1,
5-25%; 2, 26-50%; 3, 51-75%; 4,>75%. When the staining was
not uniform, the score was defined as follows: Each component
was independently scored, and the results were summarized.
In the statistical analysis, a score of 0-7 was considered as
low expression, while a score of 8-12 was considered as high
expression.

sHER2-ECD detection. The sHER2-ECD detection was
performed using the reagents approved by the FDA. Blood
samples were drawn from patients who did not receive any
radiotherapy, chemotherapy and surgery before any treatment.
Subsequently, 5 ml peripheral venous blood was centrifuged
at 1,912 x g for 10 min at room temperature, and serum was
collected, followed by detection of serum HER2-ECD using
the HER2-ECD detection kit. Test results >15 ng/ml were
considered positive.

Follow-up. All the enrolled patients were closely followed up
until January 2019 with the disease progression (including
recurrence, metastasis or death) as the follow-up endpoint,
and the follow-up period ranged from 23 to 30 months.
The correlations between HER2-ECD or calpain-10 and
OS, DFS and the cumulative incidence rate (CIR) were
analyzed. DFS was defined as the time from randomization
to the first event of either disease recurrence or death due
to any cause. OS was defined as the time from the date of
randomization to the date of death due to any cause. CIR
was defined as the frequency of recurrence after a specific
observation period (typically more than 1 year) in patients
with complete remission.

In vitro studies. Five commonly used BC cell lines with
different HER2 expression status were selected, including
MCF-7, MDA-MB-231, BT-549, MDA-MB-453 and SKBR3.
The expression levels of calpain-10 and HER2 at the mRNA
and protein levels in these cell lines were determined.
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RT-gPCR. Human BC cell lines were maintained in DMEM
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% fetal calf serum, 100 U/ml penicillin and 100 ug/ml
streptomycin at 37°C in a humidified atmosphere containing
5% CO?. Two HER2- overexpressing cell lines, BT-549 and
SKBR3, were transfected with the CAPN10-human, 4 unique
29mer shRNA constructs in lentiviral GFP vector (OriGene
Technologies) to block calpain-10 activity. Subsequently, the
CAPNI10 pENTER vector was transfected into BT-549 and
SKBR3 cell lines to overexpress CAPN10. Treatment was
performed under specific conditions. Forty hours after trans-
fection, the subsequent procedures such as RNA and protein
extraction were carried out.

The expression levels of calpain-10 and HER?2 at the mRNA
level were determined by RT-qPCR. Total RNA was extracted
by TRIzol reagent. Purified RNA was reversely transcribed
into cDNA using a reverse transcription kit, and synthesized
cDNA was used as a template for RT-qPCR using Platinum
SYBR SuperMix on an ABI 7500 system (Promega). The
primers were designed by iGeneBio Inc. as follows: Calpain-10
forward, 5'-GGGAGTTCCATGCCTTCATT-3' and reverse,
5"TACCTGGCTCCACCCTT-3'; GAPDH forward, 5'-GTC
AACGGATTTGGTCGTATTG-3' and reverse, 5"TGGAAG
ATGGTGATGGGATTT-3"; HER2 forward, 5"TATGCAGGG
CTGACGTAGTGC3' and reverse, 5S-AATGTGTGCCAC
GAAACTGCT-3". Briefly, amplifications were carried out
with 40 cycles at a melting temperature of 95°C for 15 sec,
an annealing temperature of 60°C for 30 sec, and an exten-
sion temperature of 72°C for 30 sec. GAPDH was used as the
housekeeping gene. The relative expression of calpain-10 and
HER?2 was calculated using the 2-22°4 method (8).

Western blot analysis. The expression of calpain-10 and HER2
at the protein level in five BC cell lines and transfected BT-549
and SKBR3 cells was determined by western blot analysis.
Briefly, the cells were lysed in cold lysis buffer consisting of
50 mM Tris (pH 7.5), 5 mM EDTA, 10 mM EGTA, 50 mM
NaF, 20 mM f-glycerophosphate, 250 mM NaCl, 2% NP-40
and protease inhibitors and incubated on ice for 30 min. The
cell lysates were centrifuged at 12,000 x g for 15 min at4°C,and
the supernatants were collected. BCA assay (Pierce; Thermo
Fisher Scientific, Inc.) was used to evaluate the protein content.
The protein was separated on 10% SDS-PAGE gel and trans-
ferred to PVDF membranes (Pierce; Thermo Fisher Scientific,
Inc.). The membranes were incubated in PBS containing
5% bovine serum albumin for 2 h at room temperature. Then
the primary antibodies with different dilutions were cultured
overnight at 4°C. The antibodies were against HER2 (dilution
1:100, product code ab134182; Abcam), calpain-10 (dilution
1:1,000; product code ab28226; Abcam) and [3-actin Ab (dilu-
tion 1:5,000; cat. no. 66009-1-Ig; Proteintec). Then culture was
carried out with horseradish peroxidase-conjugated anti-rabbit
secondary antibody for 2 h at room temperature. Each experi-
ment was performed in triplicate. The level of HER2-ECD and
calpain-10 in each sample was calculated as the ratio of the
intensity of protein to that of (3-actin, using Odyssey v3.0 soft-
ware (LI-COR Biosciences).

Statistical analysis. For the clinical investigation, Chi-square
test was used for comparison between groups. Correlation
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analysis was conducted using Pearson's correlation test, and
survival curve analysis was performed using Log-rank test.
For the in vitro experiments, t-test was used for comparison
between the two groups, including Student's t-test and paired
t-test. Bonferroni's test and one-way ANOVA were used for
multiple comparisons. P-value <0.05 was considered as indica-
tive of statistical significance.

Results

Clinical investigation

Basic data of the enrolled BC patients. All 289 patients with
primary BC were females, and their median age was 57 years,
ranging from 26 to 80. There were 159 premenopausal women
and 130 postmenopausal women. According to the TNM
staging of the American Joint Committee on Cancer (AJCC)
version 7 (9), there were 75 patients with stage I, 160 patients
with stage II, 42 patients with stage III and 12 patients with
stage I'V. Moreover, 32 patients received neoadjuvant chemo-
therapy, and 4 patients of stage IV underwent surgery after
chemotherapy. Among the 289 patients, 158 had no lymph
node metastasis, and no angioma thrombus was found in
227 patients. Patients with pathological grade 1, 2 and 3 were
29, 166 and 94, respectively. There were 80 and 110 patients
negative for ER and PR, respectively. HER2-ECD in periph-
eral blood was detected in 289 patients at first admission.
According to the instructions of the reagents, the cut-off value
was 15 ng/ml. The results showed that 224 patients were
negative and 65 patients were positive. Patients were divided
into two groups according to the SHER2-ECD levels. Table 1
summarizes the detailed relationship between the HER2-ECD
level and various clinicopathological factors. We collected
the peripheral blood of 20 healthy adult women and tested
sHER2-ECD. The detection value ranged from 4.6-11.8 ng/ml,
with an average value of 7.6 mg/ml. The value of HER2-ECD
in healthy adult women were all negative.

There were no statistically significant differences
in menstrual status, ER and PR levels between the
sHER2-ECD-positive and sHER2-ECD-negative groups.
According to TNM staging, the patients were divided into
stage I, stage II, stage III and stage IV. Moreover, we found
that in the patients with higher staging, the proportion of
sHER2-ECD-positive patients was higher and the propor-
tion of sHER2-ECD-negative patients was lower. There were
65 patients in the sHER2-ECD-positive group. Among these
patients, lymph node metastasis was found in 47 patients
(72.31%), and only 18 patients (27.69%) showed no lymph node
metastasis. In the sHER2-ECD-negative group, 84 (37.5%)
had lymph node involvement, while the majority of them (140,
62.5%) had no lymph node involvement. Angioma emboli
were present in 40% (26/65) of the sHER2-ECD-positive
patients, while this proportion was only 19.15% (36/224) in
the sSHER2-ECD-negative group. The higher the pathological
grade, the higher the proportion of SHER2-ECD-positive
patients and the lower the proportion of sHER2-ECD-negative
patients. Tissue specimens obtained by coarse needle aspira-
tion both before neoadjuvant chemotherapy and surgery were
collected from the Department of Pathology, The Fourth
Hospital of Hebei Medical University and the histological
response to chemotherapy in the breast was assessed by two
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Table I. Association between serum sHER2-ECD levels and clinicopathological factors of the BC patients (n=289).

sHER2-ECD
<15 ng/ml =15 ng/ml
Characteristics n (%) n (%) N P-value
Menopausal status
Premenopausal 120 (75.47) 39 (24.53) 0.841 0.359
Postmenopausal 104 (80.00) 26 (20.00)
Stage
I 72 (96.00) 3 (4.00) 36.848 <0.001
II 121 (75.63) 39 (24.37)
III 28 (66.67) 14 (33.33)
v 3 (25.00) 9 (75.00)
Nodal invasion
No 140 (88.61) 18 (11.39) 24.631 <0.001
Yes 84 (64.12) 47 (35.88)
Carcinoma cell embolus
No 188 (82.82) 39 (17.18) 17.119 <0.001
Yes 36 (58.06) 26 (41.94)
Grade
Gl 27 (93.10) 2 (6.90) 8.198 0.017
G2 132 (79.52) 34 (20.48)
G3 65 (69.15) 29 (30.85)
MP grade
1-4 17 (58.62) 12 (41.38) 0.088 0.044
5 1 (14.29) 6 (85.71)
Receptor status (cut-off =10%)
ER
- 58 (72.5) 22 (27.5) 1.592 0.207
+ 166 (79.43) 43 (20.57)
PR
- 85 (77.27) 25 (22.73) 0.006 0.940
+ 139 (77.65) 40 (22.35)
HER?2 status (IHC/FISH)
- 107 (87.70) 15 (12.30) 12.591 <0.001
+ 117 (70.06) 50 (29.94)

sHER2-ECD, serum human epidermal growth factor receptor 2-extracellular domain; ER, estrogen receptor; PR, progesterone receptor; MP,

Miller and Payne.

senior pathologists using the Miller and Payne grading system:
MPI, no change or some alterations to individual malignant
cells but no reduction in overall cellularity; MP2, a minor
loss of tumor cells but overall cellularity was still high (up
to 30% loss); MP3, an estimated reduction between 30 and
90% in tumor cells; MP4, a marked disappearance of tumor
cells that only small clusters or widely dispersed individual
cells remained (more than 90% loss of tumor cells); and
MP5, no identifiable malignant cells in sections from the site
of the tumor (only vascular fibroelastotic stroma remained
often containing macrophages). However, ductal carcinoma
in situ may be present (10). In general, we defined MP5 as

PCR (11). Patients of grade MP1-4 had worse prognosis than
those of grade MP5 (12). A total of 36 patients received neoad-
juvant chemotherapy. For patients undergoing neoadjuvant
chemotherapy, 33.33% (6/18) of the sHER2-ECD-positive
patients reached grade MP5, while only one patient in the
sHER2-ECD-negative group reached grade MP5, accounting
for 5.56% (1/18), and the statistical difference between the two
groups was significant (P<0.05). According to the immunohis-
tochemical and/or FISH results, we found that the proportion
of sHER2-ECD-positive patients in the sHER2-positive group
(29.94%, 50/167) was significantly higher than that in the
sHER2-negative group (12.30%, 15/122) (P<0.05).
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Table II. Relationship between HER?2 tissue status and calpain-10 tissue status.
Calpain- 10 tissue status
Low expression High expression
n (%) n (%) $ P-value R-value
HER?2 tissue status
- 75 (61.48) 47 (38.52) 4.350 0.037 0.123
+ 82 (49.10) 85 (50.90)

HER2, human epidermal growth factor receptor 2.

Figure 1. (A) Low expression of calpain-10 in breast cancer tissue. (B) Overexpression of calpain-10 in breast cancer tissue. (C) Negative expression of HER2
in breast cancer tissue. (D) Positive expression of HER2 in breast cancer tissue. magnification, x200; scale bar, 100 gm. HER2, human epidermal growth

factor receptor 2.

Relationship between HER2 and calpain-10. According to
the above-mentioned scoring criteria, among the 289 enrolled
patients, 54.33% (157/289) had low expression of calpain-10
(Fig. 1A), and 45.67% (132/289) had overexpression of
calpain-10 (Fig. 1B). The histological status of HER2 was
significantly different between the negative group (Fig. 1C)
and the positive group (Fig. 1D) (P=0.037), and there was a
positive correlation between calpain-10 and HER2 (R=0.123)
(Table II).

Relationship between sHER2-ECD and calpain-10. Most
sHER2-ECD-negative patients showed low expression of
calpain-10, while those with positive sHER2-ECD exhibited
overexpression of calpain-10. Table III reveals that there was

a positive correlation between sHER2-ECD and calpain-10
(r=0.439).

Follow-up. The DFS curve showed that patients in the
sHER2-ECD-negative group had enhanced DFS than those
in the sSHER2-ECD-positive group (P<0.0001) (Fig. 2A). This
finding suggests that positive SHER2-ECD is more likely to
lead to enhanced disease progression (including recurrence,
metastasis or death). These results demonstrated the prog-
nostic value of sSHER2-ECD.

Three patients died in the sHER2-ECD-negative group,
5 patients died in the positive group, and there was no
significant difference with such a number of deaths and small
number of cases. However, the survival time of the cases that
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Table III. Relationship between serum HER2-ECD status and calpain-10 tissue status.

Calpain-10 tissue status

sHER2-ECD Low expression High expression
n (%) n (%) P-value R-value
<15 ng/ml 145 (64.73) 79 (35.27) <0.001 0.439
=15 ng/ml 8(12.31) 57 (87.69)
sHER2-ECD, serum human epidermal growth factor receptor 2-extracellular domain.
Table I'V. Molecular characteristics of the five cell lines.
Molecules BT-549 SKBR3 MDA-MB-231 MCEF-7 MDA-MB-453
HER2-ECD 183 248 12.3 7.7 4.6
HER2 + + - - -
Calpain-10 + + - - -
HER2-ECD, human epidermal growth factor receptor 2-extracellular domain.
A B
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Figure 2. (A) DFS curve illustrates that patients in the HER2-ECD-negative group had longer DFS than those in the HER2-ECD-positive group. (B) A
statistical difference in OS was found between the HER2-ECD-negative group and the HER2-ECD-positive group. (C) CRR in the HER2-ECD-positive group
was significantly higher than that in the HER2-ECD-negative group. (D) DFS curve of calpain-10 was similar to that of the HER2-ECD. (E) CRR curve of
calpain-10 was similar to that of HER2-ECD. (F) There was no significant difference in OS between the low-expression group and the overexpression group.
DFS, disease-free survival; HER2-ECD, human epidermal growth factor receptor 2-extracellular domain; OS, overall survival; CRR, cumulative recurrence
rate; HR, hazard ratio; CI, confidence interval.
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Figure 3. Expression of calpain-10 and HER2 at the mRNA and protein levels in MDA-MB-231, BT-549, SKBR3, MCF-7 and MDA-MB-453 cell lines.
(A) Expression of calpain-10 and HER?2 at the mRNA level in MDA-MB-231, BT-549, SKBR3, MCF-7 and MDA-MB-453 cell lines as detected by RT-qPCR.
(B) Expression of calpain-10 and HER?2 at the protein level in MDA-MB-231, BT-549, SKBR3, MCF-7 and MDA-MB-453 cell lines as detected by western
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blot analysis. “P<0.01 and ““P<0.001. HER2, human epidermal growth factor receptor 2.

succumbed to the disease in the positive group was shorter.
Therefore, there was a statistical difference in OS between the
two groups (P=0.0329; Fig. 2B).

The cumulative recurrence rate (CRR) in the
sHER2-ECD-positive group was significantly higher than that
in the sHER2-ECD-negative group (P<0.0001) (Fig. 2C), indi-
cating that the sSHER2-ECD-positive patients were more prone
to disease progression and the prognostic value of sHER2-ECD.

The DFS and CRR curves of calpain-10 were similar
to those of sHER2-ECD (Fig. 2D and E), indicating the
prognostic value of calpain-10 and the positive correlation
between calpain-10 and sHER2-ECD. This finding suggests
that calpain-10 shears ECD and releases it into the blood.
However, there was no significant difference in OS between
the low-expression group and the overexpression group, which
may have been attributed to the short follow-up time (Fig. 2F).

In vitro experiments

Expression of calpain-10 and HER?2 at the mRNA and protein
levels in different cell lines. Expression of calpain-10 and
HER2 at the mRNA level in MDA-MB-231, BT-549, SKBR3,
MCF-7 and MDA-MB-453 cell lines were detected by
RT-qPCR. The results showed that the expression of calpain-10
and HER?2 in BT-549 and SKBR3 cell lines were significantly
higher compared with the other three cell lines (Fig. 3A).
Western blot analysis showed the same results (Fig. 3B). We
tested the expression of HER2-ECD in the culture medium
of the five cell lines (Table IV). The average concentra-
tions of HER2-ECD in BT-549 and SKBR3 cell lines were
18.3 and 24.8 ng/ml, respectively, while the average concentra-
tions in MDA-MB-231, MCF-7 and MDA-MB-453 cell lines
were 12.3, 7.7 and 4.6 ng/ml, respectively, which were all less
than 15 ng/ml.
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Figure 4. Relative expression of calpain-10 and HER2 in SKBR3 and BT-549 after transfection (downregulation of calpain-10) at the mRNA and protein
levels. (A) Relative expression of calpain-10 and HER2 in SKBR3 and BT-549 after transfection (downregulation of calpain-10; Si-calpain-10) at the mRNA
level. (B) Relative expression of calpain-10 and HER2 in SKBR3 and BT-549 after transfection (downregulation of calpain-10) at the protein level. *“P<0.001,
compared with the Si-ctrl group. HER2, human epidermal growth factor receptor 2.

Next, we designed the following experiments for two cell
lines (BT-549 and SKBR3) with high expression of calpain-10
and HER2. We transfected BT-549 and SKBR3 cells with
CAPNI10-human, 4 unique 29mer shRNA constructs in lenti-
viral GFP vector (si-calpain-10) that was able to downregulate
calpain-10. We found that the expression of calpain-10 at the
mRNA (Fig. 4A) and protein (Fig. 4B) levels in these two cell
lines was significantly lower compared with the non-trans-
fected group (si-ctrl). The expression level of HER2-ECD
in the medium was also altered from positive to negative
(Table V). Meanwhile, the expression of HER2 at the protein
(Fig. 4B) level in the two strains was increased after transfec-
tion, while the expression of HER2 at the mRNA (Fig. 4A)
level exhibited no significant change.

Subsequently, CAPN10 pENTER vector capable of overex-
pressing calpain-10 was transfected into the BT-549 and SKBR3

cells, in which the expression of calpain-10 at the mRNA
(Fig. 5A) and protein (Fig. 5B) levels was higher than that of the
non-transfected group (EV). The concentration of HER2-ECD
in the BT-549 and SKBR3 cell culture media was increased
obviously (Table VI). After simultaneous transfection, the
expression of HER? at the protein (Fig. 5B) level in the two cell
lines was lower than that before transfection, while expression of
HER?2 at the mRNA (Fig. 5A) exhibited no significant change.

Discussion

Recently, more and more attention has been paid to the role of
serum human epidermal growth factor receptor 2-extracellular
domain (SHER2-ECD) in the evaluation of prognosis and
treatment management of breast cancer (BC) patients. Among
the factors related to the prognosis of BC, advanced clinical
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Figure 5. Relative expression of calpain-10 and HER2 in SKBR3 and BT-549 cells after transfection (upregulation of calpain-10) at the mRNA and protein
levels. (A) Relative expression of calpain-10 and HER2 in SKBR3 and BT-549 after transfection (upregulation of calpain-10; calpain-10 group) at the mRNA
level. (B) Relative expression of calpain-10 and HER2 in SKBR3 and BT-549 after transfection (upregulation of calpain-10) at the protein level. ““P<0.001,
compared with the empty vector (EV) group. HER2, human epidermal growth factor receptor 2.

stage of BC reflects metastatic lymph nodes and a higher histo-
logical grade, and the presence of angioma thrombus indicates
a higher degree of tumor invasion and a poor prognosis
of BC patients (12). Our results showed that clinical stage,
lymph node metastasis and histological grade were positively
correlated with sSHER2-ECD levels (r=0.320, 0.292, 0.217 and
0.285, respectively). We followed up these 289 patients, and the
results showed that the disease-free survival (DFS) and overall
survival (OS) of the patients in the sHER2-ECD-negative
group were markedly higher compared with those in the
sHER2-ECD-positive group, while the cumulative incidence
rate (CIR) in the sHER2-ECD-negative group was markedly
lower than that of the sHER2-ECD-positive group. Several
trials have also demonstrated that sHER2-ECD is a prognostic
indicator for BC (12,13). In patients with advanced BC, many
studies have suggested that elevated sHER2-ECD level is an
independent risk factor for poor prognosis (14-16). Our findings
were consistent with other studies. Therefore, we concluded
that sSHER2-ECD is a prognostic indicator for BC patients,
regardless of whether they presented with advanced BC.

We also observed the relationship between sHER2-ECD
and Miller and Payne (MP) levels. Among the 36 patients
with neoadjuvant chemotherapy, the proportion of
sHER2-ECD-positive patients reaching the MP5 level was
significantly higher than that of the sHER2-ECD-negative
group. However, positive sHER2-ECD was associated with
poor prognosis. This may be attributed to the fact that the
elevated HER2-ECD in the serum was the ECD of the HER2
molecule, and most of the immunohistochemical (IHC)
results of the patients with positive ECD were also positive.
Therefore, the patients with positive ECD had more chemo-
therapeutic drugs to choose from than the ECD-negative
patients, such as anti-HER?2 therapy, and the target site of
anti-HER?2 drugs was HER2-ECD (17). Thus, the treat-
ment was more effective, and more patients reached the
MPS5 level. However, the poor prognosis of patients in the
sHER2-ECD-positive group may be attributed to the fact
that HER2-ECD was shed into the blood after chemotherapy
in some patients, leading to the absence of anti-HER?2 treat-
ment targets, drug inefficacy or drug resistance, and the
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Table V. Change in the HER2-ECD level (ng/ml) in culture
medium of BT-549 and SKBR3 cell lines before and after
downregulation of calpain-10.
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Table VI. Change in the HER2-ECD level in culture medium
of BT-549 and SKBR3 cell lines before and after upregulation
of calpain-10.

Cell line Before transfection  After transfection P-value  Cell line Before transfection  After transfection P-value
BT-549 19.6+0.33 10.2+0.38 0.001 BT-549 19.6+0.25 27.5+0.31 <0.001
SKBR3 24.7+0.42 11.4+0.47 <0.001 SKBR3 24.7+0.27 31.3+0.32 0.001

HER2-ECD, human epidermal growth factor receptor 2-extracellular
domain.

HER2-ECD, human epidermal growth factor receptor 2-extracellular
domain.

intracellular end of HER2 molecule (HER2-ICD) containing
tyrosine kinase domain still existed. This region can still
activate the PI3K/Akt signaling pathway, eventually leading
to cell transformation, proliferation and resistance to cell
death, promoting cell survival, tumor occurrence and devel-
opment (3).

In addition, we analyzed the association between tissue
HER?2 status (IHC and/or FISH detection) and sHER2-ECD.
Briefly, 29.94% (50/167) of patients with histologically posi-
tive HER2 (IHC 3+ and/or FISH +) had positive sHER2-ECD,
while only 12.30% (15/122) of patients with histologically
negative HER2 had positive sHER2-ECD, which was consis-
tent with the positive rate reported by others (12). This finding
also indicated that sHER2-ECD was correlated with the histo-
logical status of HER2, and such a correlation could assist in
determining the HER?2 status of patients and provide more
information for the treatment of patients.

As a ubiquitous non-classical calpain enzyme, calpain-10
belongs to the calpain family. It is a superfamily of intracellular
cysteine proteases, which are highly conserved from bacteria
to mammals. As a genetic factor, calpain-10 is involved in the
development of various human tumors (18). We followed up
289 patients for 23-30 months, and the results revealed that
compared with the low-expression group, the overexpression
group of calpain-10 had shorter DFS, higher CIR, and worse
prognosis. Although there was no statistical difference in OS
between the two groups, the OS of the overexpression group of
calpain-10 was markedly lower compared with the low-expres-
sion group. This may be attributed to the fact that we had a
short follow-up time, thus the difference was not statistically
significant. Our follow-up results indicated that overexpression
of calpain-10 was associated with poor prognosis, which was
similar to the results of Storr et al (19) and Chan er al (20).
Storr et al demonstrated that abnormal expression and activa-
tion of calpain in BC are associated with poor prognosis (19).
[HC evaluation of calpain-10 in patients with esophageal squa-
mous cell carcinoma by Chan et al showed that the high level
of calpain-10 was associated with significantly reduced 5-year
survival rate (20). Previous studies have shown that the 5-year
survival rate of HER2-positive patients is lower compared
with HER2-negative patients, indicating that positive HER2
predicts poor prognosis (17). Elevated sHER2-ECD is associ-
ated with poor prognosis of BC (16). IHC tests of calpain-10
and HER?2 in 289 BC patients showed a positive correlation
(R=0.178). We also found a positive correlation between
sHER2-ECD and calpain-10 (R=0.439). This finding also

confirmed the value of calpain-10 in predicting the prognosis
of BC patients.

Calpain-10 plays a crucial role in the uptake of HER2-ECD
into the bloodstream (21). To further verify the relationship
between sHER2-ECD and calpain-10, we conducted a series
of in vitro experiments. We selected two cell lines, BT-549
and SKBR3, from the commonly used BC cell lines, which
have high expression of calpain-10 and HER2. First, we
downregulated or upregulated calpain-10 expression in both
cell lines, and found that the concentrations of HER2-ECD
were decreased or increased accordingly in both cell cultures.
This finding further confirmed that calpain-10 plays a funda-
mental role in ECD shedding into the bloodstream. The
detection of HER2 by IHC method was based on the synthesis
of peptide antigens that bind to the ECD of the HER2
molecule, reflecting the ECD level of the HER2 molecule (22).
Chemiluminescence was used to detect the concentration of
HER2-ECD in serum, and the ECD of the HER2 molecule
was also detected. With the decrease or increase of calpain-10,
the expression of HER2 was increased or decreased accord-
ingly, showing that there was a negative correlation between
calpain-10 and HER?2, which also confirmed the shear effect
of calpain-10 on ECD. However, the IHC results of 289 clinical
samples showed a positive correlation between calpain-10 and
HER?2, which seemed to be contradictory. We speculate that
there is a certain mechanism to initiate or enhance the shear
effect of calpain-10 on HER2-ECD, but when this mechanism
does not function, Calpain-10 and HER2 are overexpressed.
According to the results of the in vivo and in vitro experiments,
we believed that calpain-10 and sHER2-ECD play an impor-
tant role in the treatment and management of BC patients,
which could help more accurately determine the HER2 status
of patients. sHER2-ECD levels, calpain-10 and HER2 were
detected in BC patients prior to chemotherapy. If all three
indicators are positive, patients could choose anti-HER? treat-
ment. Due to the positive SHER2-ECD, the binding sites of
trastuzumab may be less, and the choice of lapatinib may be
more reliable. If tissues are positive for calpain-10 and HER2,
and the sHER2-ECD is negative, then trastuzumab could
be selected as the first choice. However, when calpain-10 is
positive, HER2-ECD may be cut off and shed into the blood,
and the sHER2-ECD concentration must be tested regularly.
Once the concentration of HER2-ECD is increased, the
binding sites of trastuzumab are decreased or even disappear.
Lapatinib should be replaced to continue treatment. If tissue
calpain-10 and sHER2-ECD are positive and tissue HER?2 is
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negative, the FISH test is recommended in order to determine
whether HER?2 is true-negative or false-negative due to the
shear action of calpain-10. If the FISH result is positive, then
lapatinib could be selected. If the FISH result is negative, posi-
tive sSHER2-ECD may be caused by the heterogeneity of tumor
tissue, and anti-HER?2 treatment should not be selected at this
time. If tissue HER?2 is positive and both sHER2-ECD and
tissue calpain-10 are negative, anti-HER?2 treatment could be
selected without considering the shear effect of calpain-10 and
without monitoring SHER2-ECD to reduce treatment cost of
patients. If both HER2 in the tissue and HER2-ECD in the
serum are negative, anti-HER?2 therapy should not be consid-
ered regardless of the expression of calpain-10 in the tissue.
Compared with the detection of HER2 level alone, the
combined detection of sHER2-ECD, tissue HER?2 and calpain-10
could more accurately assess the HER?2 level, providing a more
comprehensive reference for the treatment of patients. Serum
HER2-ECD and tissue calpain-10 levels are powerful factors with
which to assess the status of HER2. The combination of these
three indicators could enable doctors to more accurately select
treatment methods and further realize individualized treatment.
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