Cui et al. Cancer Cell Int (2021) 21:571

https://doi.org/10.1186/512935-021-02256-5 Cancer Cell International

PRIMARY RESEARCH Open Access

, : .. ®
Carboxypeptidase N1 is anticipated G

to be a synergy metrics for chemotherapy
effectiveness and prognostic significance
in invasive breast cancer
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Abstract

Background: The incidence and mortality of invasive breast cancer (IBC) are increasing annually. Hence, it is urgently
needed to determine reliable biomarkers for not only monitoring curative effects, but evaluating prognosis. In present
study, we aim to determine the potential role of Carboxypeptidase N1 (CPNT1) in IBC tissues on chemotherapeutic
efficacy and poor prognosis.

Methods: The expression level of CPN1 in IBC tissue samples (n=123) was quantified by tissue microarray technique
and immunohistochemical staining. Moreover, sera of IBC patients (n = 34) that underwent three to five consecu-

tive chemotherapy sessions were collected. The patients were randomly stratified into a training (n=15) as well as

a validation group (n =19). The expression of serum CA153 and CPN1 was quantified by electrochemiluminescence
and ELISA assay, respectively.

Results: By univariate and multivariate Cox regression analysis, we show that CPN1 expression in IBC tissues, as an
independent risk factor, is related to a poor overall survival (OS) and progression-free survival (PFS) (P <0.05). Analysis
of the data revealed that CPN1 over-expression could be consistently linked to adverse clinicopathological features
such as lymph node metastasis and the pathological stage (pTNM) (P <0.05). The serum CPN1 level trajectory of indi-
vidual patients generally decreased during chemotherapy. In line with these findings were changes in the follow-up
ultrasonography and a consistent decrease in serum CPN1 levels. The comparison of the area under the receiver oper-
ating curves (ROC) revealed that CPN1 has a better surveillance value than CA153 in the training (AUCqpy; =0.834 vs.
AUCcp153=0.724) as well as the validation set (AUCpy; =0.860 vs. AUC553 =0.720) when comparing cycle2 versus
cycle3.
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Conclusions: CPN1 is a suitable potential biomarker for chemotherapeutic surveillance purposes as well as being an
appropriate prognostic indicator which would support an improved chemotherapy regimen.

Keywords: Carboxypeptidase N1, CA153, Chemotherapeutic efficacy, Prognosis, Invasive breast cancer

Introduction
Invasive breast cancer (IBC) is one of the most prevalent
malignancies in women, with high-incidence and quick-
progression. The malignancy is due to its infiltration
and metastasis of IBC are responsible for cancer-related
deaths in women [1, 2]. In clinical practice, conventional
management strategies for IBC comprise surgery, or sur-
gery in combination with adjuvant chemotherapy. How-
ever, for an appropriate treatment, prior evaluation and
staging of the disease are necessary that might be subject
to an evaluation bias. The pathological and molecular
phenotyping of breast cancer can serve as a basis for the
treatment, but both are not suitable as concomitant sur-
veillance indicators because of the invasive character of
the disease. Furthermore, the available histopathological
information is often incomplete and limited [3].
Surveillance indicators comprise radiological and sero-
logical markers that can be combined to detect the chem-
otherapeutic efficacy. Ultrasound are one of the primary
modalities available for diagnosing breast cancer and are
recommended screening tests for women at high risk for
breast cancer [4]. For its non-radiological, and non-inva-
sive nature, as well as its convenience in clinical applica-
tion which cannot be substituted. Moreover, ultrasonic
sensing can be complemented with individual serum
marker that can conveniently be obtained from patients,
in predicting disease progression as well as allow for the
long term observation of treatment effects [5]. Serum
CA15-3 is a macromolecular glycoprotein antigen that
mainly exists in the luminal side of the normal mammary
epithelium, and its concentration in serum increases
dramatically when cells become malignant. CA15-3 is a
great value biomarker to evaluate and predict for breast
cancer [6]. Although current conventional breast cancer
markers, such as CA153, play vital roles in the detection,
its specificity, in the evaluation of disease development
as well as in the continuous evaluation of treatment effi-
cacy, does not fully clinical demands [7]. Recent studies
have shown that alternative methods may also be valid to
evaluate the therapeutic efficacy of breast cancer treat-
ment, including the detection of circulating tumor cells
(CTCs) [8, 9], circulating tumor DNA (ctDNA) [10] and
exosomes [11] collected by liquid biopsy. While proven
to yield the potential for prediction, their limitations in
clinical practice include low concentrations in body flu-
ids and lower sensitivity and specificity compared to
traditional serum markers [12]. Therefore, it is of major

importance to identify new markers for a complimentary
diagnostic and therapy efficacy determination [13].

Previously, we used nanochip and mass spectrometric
analysis methods to filter out C3f polypeptide fragments
from the microenvironment of breast tumors and found
that carboxypeptidase N (CPN) can hydrolyze the pro-
tein polypeptides produced by the C3f fragments and is
specific to this enzyme [14]. And we have illustrated an
ectopic expression of CPN in tumor tissue from patients
and murine models of breast cancer. In present study,
CPN was proposed as a new diagnostic marker for IBC
[14]. CPN, also known as an arginine/lysine carboxy-
peptidase, kininase I, or anaphylatoxin inactivator, is a
member of a larger family of zinc metallopeptidases.
CPN is a tetramer composed of two identical catalytic
(CPN1) and regulatory subunits (CPN2), with CPN1
being the main functional subunit of the holoenzyme
[15]. Moreover, CPN2 has been disclosed as a method
for determining breast cancer. In addition, CPN1 pro-
duction in serum is correlated with tumor size, clinical
stage, and metastasis, which indicated that CPN be used
as an innovative tumor marker for ancillary diagnosis of
IBC metastasis [16]. Data from a database showed that
CPNI1 is elevated in several specific types of breast can-
cer, compared with normal and other non-triple-negative
breast cancers, triple-negative breast cancer has higher
CPN1 mRNA expression. The database also showed that
patients with high CPN1 levels and the pathological clas-
sification of basal-like, Estrogen Receptor (ER)-positive,
luminal A, luminal B, and wild-type TP53 breast cancer
had a shorter overall survival time and poorer prognosis.
However, the extent to which CPN1 expression in tissues
and serum is likely to be a marker for detecting the effi-
cacy of IBC treatment remains to be investigated.

Materials and methods

Tissue and serum samples

The IBC tissue microarrays were purchased from Shang-
hai Core Ultra Biotechnology Co., Ltd (catalog number:
HBreD140Su07), which contained a total of 140 cases of
IBC cancer tissues collected from the patients. Patients
were aged from 37 to 88 years old, operated from August
2004 to December 2008, and followed up until July 2014,
with no lost cases or incomplete tissue core sites. With 17
cases of dissection during the histochemistry operation, a
total of 123 patients were enrolled in the study.
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From October 2020 to January 2021, 34 patients were
enrolled from Tianjin Medical University Cancer Insti-
tute & Hospital, who were diagnosed with IBC by his-
topathology. The clinical characteristics of the subjects
are summarized in Supplementary information (Addi-
tional file 1: Table S1). Chemotherapeutic efficacy dur-
ing this study was based on imaging according to the
"Response Evaluation Criteria in Solid Tumors (RECIST
1.1)" [17] with following criteria: (1) Complete response
(CR): complete disappearance of all lesions; (2) Partial
response (PR):decrease in target lesion burden by > 30%
from baseline; (3) Stable disease (SD): residual/persistent
tumor lesions and neither PD nor PR has been achieved;
(4) Progression of disease (PD): increase in target lesion
burden by >20% from nadir and new lesion or PD based
on non-target lesion. Venous serum samples from fasted
subjects were collected and frozen in a —20 ‘C freezer
(SANYO MPR-215F Medicool).

Immunohistochemistry

CPNI1 expression of 123 IBC tissue samples were detected
with immunohistochemical (IHC) assay. The experimen-
tal materials and procedures included CPN1 antibody
(Proteintech, 13385-1-AP, Wuhan, China, concentra-
tion 1.3 pg/ml), broad-spectrum secondary antibody and
DAB color development kit. The tissue paraffin blocks
were stained by immunohistochemical DAB according
to the steps of antigen repair, antigen—antibody reaction,
color rendering, dehydration, sealing. Section images
were obtained using a tissue analysis platform (SITUOLI,
Tissue FAXS Viewer, Jiangsu). The scores were deter-
mined using the following criteria: CPN1 expression
was recorded in five random fields (100 x magnification)
using a light microscope. Positive intensity: no color, yel-
low, brownish-yellow, brownish-brown, representing
scores of 0, 1, 2, and 3, respectively. Percentage of posi-
tive cells: no positive cells, 1-25%, 26—50%, 51-75%, and
>75% represented 0, 1, 2, 3, and 4 points. The final stain-
ing scores were determined by multiplying the intensity
scores by the staining extent and ranged from 0 to 12.
IHC scores <4 were considered to indicate low levels of
CPN1 expression, whereas scores from 5 to 12 were con-
sidered to indicate high levels of expression.

ELISA for detecting serum CPN1

CPNI1 was detected using a carboxypeptidase N1 enzyme
linked immunosorbent assay kit (Wuhan Cloud-Clone
Co., Ltd). The laboratory procedure was operated accord-
ing to strict instructions. Dilution of standards in multi-
ples of the instructions to 1000 pg/ml, 500 pg/ml, 250 pg/
ml, 125 pg/ml, 62.5 pg/ml, 31.2 pg/ml, 15.6 pg/ml. The
standard dilution (0 pg/ml) was used as blank wells. After
adding the sample and incubating at 37 °C, the liquid was
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discarded, adding working solution A, B and TMB sub-
strate solution in turn, and then washing the plate with
an automatic plate washer (Tecan HYDROFLEX) before
each addition of reagents, add the reagent and incubate,
then add the termination solution and incubate. The sam-
ple Optical Density (OD value) of the solutions was read
at 450 nm wavelengths with a enzyme marker (Thermo
Multiskan FC) to calculate the concentration of CPN1 by
the standard curve of ELISA.

Determination of CA153 and CEA concentrations in serum
The concentration of CA153 and CEA in serum was
measured using a Roche electrochemiluminescence auto-
mated immunoassay system (Roche Cobas 801). CA153,
CEA and related buffer reagents were provided by Roche
and operated in strict accordance with the specifications
of the manufacturer’s instructions. According to the posi-
tive threshold value provided by the reagent company,
CA153 was positive when the concentration reached 25
U/ml; CEA was positive when the concentration reached
5 ng/ml.

Statistical analysis

SPSS 23.0, GraphPad Prism 9.0.0, statistical software,
Pathway Builder Tool 2.0 and Adobe Photoshop 2020
were used for data analysis and chart production. Nor-
mally distributed continuous quantitative data rep-
resentative of experimental results of each group of
clinical specimens were compared with independent
sample T-tests; 2-sided P<0.05 shows statistical signifi-
cance. The Kaplan—Meier method was used to assess OS
and PFS, and the difference between survival curves was
tested using the log-rank test. Cox regression was used to
evaluate the prognostic value of different indicators. The
training set ROC curve was obtained from the decline
rate of two consecutive chemotherapy cycles, and the
validation set ROC curve based on the predicted values
of the training set.

Results

Immunohistochemical and survival analysis of CPN1
expression in tissue

To investigate a potential correlation of CPN1 expres-
sion and IBC survival, IHC staining on tissue micro-
arrays from 123 IBC patients was performed. The
levels of CPN1 expression in IBC tissues showed a
significant difference (Fig. 1A and B). Therefore, tis-
sue samples were stratified into two groups with
refer to CPN1 expression as follows: a CPN1-low
group (IHC score<4, n=77) and a CPNl-high
group (IHC score>4, n=46). IBC patients with high
CPN1 expression had a significantly poorer OS and
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Fig. 1 CPN1 expression in human IBC tissues associated with overall survival (OS) and Progression-free survival (PFS). A, B IBC tissues were stained
with CPN1 by Immunohistochemistry (IHC). Representative IHC staining of CPN1-low group (A) and CPN1-high group (B). Tumoral CPN1 expression
associated with overall survival (OS) and Progression-free survival (PFS). C, D Kaplan-Meier curves of OS (C) and PFS (D) in IBC patients according to
the different levels of CPN1 based on the log-rank statistic test (*P<0.05,****P<0.001)

PFS (P<0.05) compared to patients with low CPN1 CPN1-high group, respectively. The median PFS was
expression (Fig. 1C and D).The median OS was 64.9  62.6 months in the CPN1-low group and 74.9 months
and 80.5 months for the CPN1-low group and the inthe CPN1-high group.
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CPN1 expression in IBC tissue and association with clinical
variables

The data analysis revealed that CPN1 expression was
positively correlated with TNM stage (P=0.019) and
lymph node metastasis (P=0.006). Having shown this,
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we further analyzed the correlation between clinico-
pathologic parameters and patient outcomes by univari-
ate analysis (Table 1). These results revealed that tumor
size, lymph node metastasis and CPN1 status (all P<0.05)
were independent factors that affected OS (Table 2) and
that were unfavourable predictors for a PFS (Additional
file 1: Table S1).

Table 1 Correlation of tissue CPN1  expression  with Subsequently, the multivariate analysis that was per-
clinicopathological parameters formed on CPN1 levels and the prognostic parameters
Parameters sample  CPN1 2 Pvalue found by univariate analysis, we identified independ-
- ent predictors of OS and PFS. Our results revealed that
Low High CPN1 upregulation was a negative independent predic-
Age (years) <60 77 53 o4 5851 0091 tor for OS (HR=3.275, 95% CI 2.201-4.873; P<0.05)
~60 6 3 23 and PFS (HR=2.309, 95% CI 1.164—4.580; P<0.05) in
Tummor size (cm) <5 103 67 36 4325 oo+  patientswith IBC.
>5 20 9 11
LN metastasis NO 61 3 23 3031 0082 CPN1 dynamics during chemotherapy
NI 62 4 33 In all 34 patients, Serum CPN1 levels tended to
TNM stage I-I 71 49 5 5083 0.024* decrease with increasing chemotherapy cycles, with a
Ty 5 % %6 significant decrease in PR patients (>45% decrease),
Histological grade I-Il 66 48 18 4389 0036* but not in SD patients (<45% decrease) (Fig. 2). For
" 57 3 45 comparison, CA153 and CEA levels variation in all
ER score <4 66 39 27 10557 0278 cases (34) at five consecutive chemotherapy cycles
o4 B 57 37 2 (Additional file 1: Fig. S1). Compared to chemother-
PR score < 4 9 sg 33 12553 0128 apy-sensitive patients, non-sensitive patients showed
o4 B 3 18 ” oscillatory expression of CPN1 when the chemother-
HERD score <4 66 47 19 9503 0302 apy regimen was changed (Fig. 3). Although CPN1 lev-
o4 - - 9 g els were initially high, they continued to decline after
KI67 score <4 o4 s 37 108 0913 chemotherapy in clinical stage III+IV patients (Addi-
s - 2 19 10 tional file 1: Fig. S2). In addition, the concentration of
P53 score <4 27 o 30 297 0436 CPN1 fluctuated in patients with triple-negative breast
s - 6 2% 17 cancer (TNBC) and in patients treated extensively with
*Statistically significant (P <0.05)
Table 2 Predictive factors of OS
Overall survival Univariate analysis Multivariate analysis
Cut off HR 95% Cl Pvalue HR 95% ClI P value
Age (years) 60 1.053 0.552-2.008 0.875
Tumor size (cm) 5 2018 1.003-4.06 0.049* 0.751 0.205-2.753 0.666
T stage 3 1.696 1.081-2.662 0.022* 1421 0.707-2.856 0.323
N stage 3 1.507 1.115-2.038 0.008* 2.18 0.875-5.433 0.094
Pathologic stage 3 1.02 0.751-1.384 0612
pT stage 3 23 1.332-3.971 0.003* 0518 0.264-1.015 0.055
ER score 4 133 0.685-2.58 04
PR score 4 04 0.156-1.023 0.047* 0.38 0.102-1418 0.15
HER2 score 4 1.983 0.454-1611 0.036* 0.508 0.254-1.154 0.51
KI67 score 4 0.825 0.293-2.323 0.716
P53 score 4 1.024 0.541-1.939 0475
CPN1 score 4 3438 1.784-6.624 <0.001* 2.384 1.073-5.295 0.033*

HR: Cox proportional hazard ratio, 95% Cl: 95% confidence interval
*Statistically significant (P <0.05)
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Fig. 2 CPN1 detection and clinical performance. A Comparative analysis of serum CPN1 expression in 34 cases; B, C CPN1 levels before and after
chemotherapy in breast cancer patients with B post-chemotherapy efficacy PR (n = 10), C post-chemotherapy efficacy SD (n=24) in breast cancer
patient cases before and after chemotherapy. *Test X: the X observation point
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chemotherapy compared to CA153 (Additional file 1:
Figs. S3, §4).

Serum CPN1 as a potential surveillance biomarker for IBC

CA153 and CEA are common biomarkers for IBC in
clinical practice. Thus, we compared the suitability of
using serum CPN1 levels and other markers as predic-
tive tools for chemotherapy effectiveness. The ROC

curve of CPN1 expression was better than those of
CA153 or CEA in predicting chemotherapy effective-
ness in both the training and validation set, respec-
tively. (Fig. 4A, B). In a cycle2 versus cycle3 comparison
of the training set, analysis of the sensitivity and speci-
ficity of these biomarkers showed that the sensitivity of
CPN1 (80.5%) was higher than that of CA153 (79.8%)
and that the specificity of the former was higher (85.3%)
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Fig. 3 Serum CPN1 and CA153 levels in 4 chemotherapy-insensitive patients. A CPNT levels; B CA153 levels; C-F Levels of CPN1 and CA153 in each
chemotherapy-insensitive patient

than that of the latter (63.2%). Moreover, the sensitiv-
ity and specificity of CPN1 (87.6% and 75.4%, respec-
tively) were higher than that of CEA (65.0% and 50.3%,
respectively) in predicting chemotherapy effectiveness.
Equally, in the validation set, the sensitivity and speci-
ficity of CPN1 ((75.3% and 77.5%) were higher than that
of CA153 (71.1% and 72.4%), respectively. Similar to
the training set, the sensitivity and specificity of CPN1
(75.4% and 77.5%) were higher than that of CEA (62.6%

and 65.8%) (Fig. 4C). Detailed information of a cycle3
versus cycle4 comparison follows (Additional file 1: Fig.
S5).

Comparison of radiology and CPN1 in typical cases

Two patients were compared in tracking sessions one
who had a TAC treatment (patient 025) and one who
had TA treatment (patient 028). The associated trajec-
tories of serum CPNI1 measurements and radiographic
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Fig. 4 Serum CPN1 as a potential biomarker to predict chemotherapy effectiveness in IBC patients (Cycle2 vs. Cycle3). A Serum CPN1 as a potential
biomarker to predict chemotherapy effectiveness compared with the level of CA153 and CEA by ROC analysis, the AUC of CPN1, CA153and CEA
were 0.834,0.724 and 0.601, P<0.05. B Serum CPN1 as a potential biomarker to chemotherapy effectiveness compared with the level of CA153 and
CEA by ROC analysis in the validation set. The AUC of CPN1, CA153 and CEA were 0.860, 0.720 and 0.602, P < 0.05. C The sensitivity and specificity of
serum CPNT1, CA153 and CEA for predicting chemotherapy effectiveness in the training set and validation set

tumor burdens for these two typical patients are shown.
The corresponding change in tumor and lymph node size
was scaled down, with radiographic PR achieved at scan
of cycle4. Patient 025 had a greater decline in CPN1 lev-
els and tumor diameter (decline rate: 76.9%and 21.7%,
respectively) than patient 028(decline rate: 48.2%and
18.8%, respectively). Longitudinal comparison of both
patients revealed a better decrease rate of CPN1 than
that of the tumor diameter, which may be more valuable
for treatment efficacy determination (Fig. 5).

Discussion

Our research revealed that the circulating peptides in
the microenvironment of breast tumors which are spe-
cifically cleaved by CPN could be employed as pep-
tide biomarkers for breast cancer using the "nanotrap”
technology. We found that CPN was significantly over-
expressed in breast cancer tissues. This was in line with
the appearance of lymph node metastasis and corre-
sponded to TMN staging in tissue microarrays [14].
Experiments with breast cancer cell lines indicated that
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metastatic cells over-expressed CPN and that reducing
CPN expression leads to a suppression of the migratory
and invasive properties of breast cancer cells [18]. CPN
function is mainly determined by its catalytic subunit
CPNI1 [15]. Serology showed that CPN1 was expressed
highly in both breast cancer and metastatic breast can-
cer and could be shown to be detected with a higher
sensitivity and specificity than CA153 [16]. Therefore,
we explored whether a drop in CPN1 levels would be a
surveillance marker of chemotherapy efficiency and pre-
dicted a prolonged survival.

In this study, we examined the function of CPN1 in IBC
and the results indicate that CPN1 is a negative indicator
of OS and PFS in patients suffering from IBC.CPN1 over-
expression was associated with poor clinicopathological
features such as lymph node metastasis and the patho-
logical stage (pTNM) (all P<0.05). Our results showed
that CPN1 overexpression could keep its prognostic
value in predicting poorer survival (OS and PFS) in IBC.
Consequently, CPN1 levels could be used as a potential
prognostic biomarker for the stratification of breast can-
cer patients according to their risk.
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We defined the significant declining trend as a >18%
decrease in CPN1 during two consecutive chemotherapy
cycles. We observed a pervasive descending tendency
of CPN1 levels after chemotherapy, which is consistent
with the assessment of the clinical efficacy for PR or SD.
CPN1 levels significantly decreased in patients with PR
(decline rate >45%) but not in patients with SD (decline
rate<45%). Additionally, we screened two individual
typical cases of this study. Follow-up ultrasound revealed
a reduction of tumor burden and downsizing of lymph
nodes, which was corresponded to the trend of decreas-
ing serum CPNI1 levels. The actual drop in serum levels
that we observed in patients who achieved a radiographic
PR was much greater.

Based on the comparison of AUCs, it was found that
the ROC curves of CPN1 were superior to CA153 and
CEA in both the training and validation set, reveal-
ing that modeling was successfully established and out-
comes were more reliable. It should be noted that CEA
has poor sensitivity and specificity and can only be tested
in combination with CA153 as a relevant marker for
breast cancer. We compared CPN1 with CA153 or CEA
alone and the results were in line with our expectations,
with CEA having the lowest diagnostic value. The above
results show that serum CPN1 levels reliable than other
biomarkers (CA153 and CEA) in monitoring efficacy
during chemotherapy although several cases of oscilla-
tory expression of CPN1 during chemotherapy, including
TNBC (3 cases), chemotherapy-insensitive (4 cases) and
longer-term therapeutic (2 cases), have been detected.

TNBC is the breast cancer type with the worst prog-
nosis owing to its highly heterogeneous and unspecific
therapeutic target [19-23]. It has been shown that during
chemotherapy, the breast masses enlarged and the CPN1
levels trended upwards. This trend could be abrogated by
shortening the chemotherapy cycle after 3 cycles. It has
been reported that dose-dense (DD) chemotherapy can
minimize the re-growth of tumor cells by shortening the
inter-treatment interval [24—28]. Therefore, the elevation
of CPN1 levels may be suggestive of an alteration in the
chemotherapy regimen for TNBC.

Resistance to chemotherapy during chemotherapy
remains the main culprit for treatment failure for this
deadly disease after surgery and radiation therapy [29,
30]. In this trial, oscillatory expression of CPN1 in the
four chemotherapy-insensitive patients was character-
ized by a rise during chemotherapy cycle 2 or 3. A review
of the records revealed a modification of major chemo-
therapy drugs (Paclitaxel and Adriamycin) and a dimi-
nution of the tumor and lymph node size. Paclitaxel is
excreted extracellularly, leading to chemotherapy resist-
ance mechanisms [31, 32]; Adriamycin promotes drug
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resistance mechanisms in neutrophil phenotypic polari-
zation leading to tumor cell proliferation [33]. In parallel,
CPN1 decreased and this was consistent with the prog-
nosis which is why we speculated that the chemotherapy
insensitivity was caused by chemoresistance. The specific
mechanism is shown in Additional file 1: Figures S6A and
S6B. Therefore, we hypothesize that CPN1 expression is
suggestive of chemotherapy resistance.

Meanwhile, the study also found an irregular fluctua-
tion of CPN1 in two patients with longer-term chemo-
therapy and the stable declining trend of CA153 in this
time period. Inspection of the medical records revealed
that alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) values significantly increased later
(51U/L and 41U/L, respectively) compared to before
(18U/L and 16U/L, respectively), which led us to assume
that the patient might have experienced liver damage
related to chemotherapy drugs [34, 35]. The detailed
mechanism is shown that Mechanism of cytotoxic dam-
age to hepatocytes during the metabolic transformation
and excretion of chemotherapeutic drugs [36—39] (Addi-
tional file 1: Figure S6C). In addition, serum CA15-3 is
a large glycoprotein antigen that is primarily present in
the lumen of normal mammary epithelial cells, and its
concentration in serum increases dramatically when the
cells become malignant [6]. Human carboxypeptidase
N (CPN), a member of the CPN/E subfamily of "regula-
tory" metallo-carboxypeptidases, is an extracellular gly-
coprotein synthesized in the liver and secreted into the
blood [40]. Liver injury caused by certain chemothera-
peutic drugs can lead to hepatocyte necrosis, resulting
in a large release of CPN1 from hepatocytes. The prolon-
gation of chemotherapy and long-term liver injury lead
to a decrease in CPN1 synthesis and secretion into the
blood by hepatocytes, and in summary, CPN1 showed a
trend of first increasing and then decreasing. In contrast,
CA153 does not exist in hepatocytes, therefore, it shows
a decreasing trend during chemotherapy. Consequently,
it is suspected that fluctuations in CPN1 levels might
indicate liver injury, these will however require further
mechanistic research (Additional file 2).

Conclusions

In conclusion, this study is the first to explore the value
of CPN1 for prognostic prediction and efficacy surveil-
lance. The results indicate that CPN1 can be used as a
biomarker for monitoring as well as prognosis in IBC.
Patients with poor prognosis and chemotherapeutic
efficacy, as identified based on CPN1 levels in the blood
or tissue, could potentially benefit from CPN1-directed
therapies in the future.



Cui et al. Cancer Cell Int (2021) 21:571

Abbreviations

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CA153: Car-
bohydrate antigen 153; CEA: Carcino-embryonic antigen; CPN1: Carboxypepti-
dase N1; CR: Complete response; CTC: Circulating tumor cell; DD: Dose-dense;
ER: Estrogen receptor; HER-2: Human epidermal growth factor receptor-2; IBC:
Invasion breast cancer; IHC: Immunohistochemistry; MDR: Multidrug resist-
ance; NAC: Neoadjuvant or primary chemotherapy; OS: Overall survival; PD:
Progression disease; PFS: Progression free survival; PR: Progesterone receptor;
SD: Stable disease; TNBC: Triple-negative breast cancers.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512935-021-02256-5.

Additional file 1: Supplementary materials and methods. Table S1.
Predictive factors of PFS. Table S2. Characteristics of serum samples

with invasive breast cancer (IBC). Table S3 Expression of CPN1 and its
correlation with clinicopathological parameters (Cycle2 vs. Cycle3). The
relationship between CPN1 and clinical features of breast cancer patients
carried out a single factor analysis. Table S4. Multifactorial analysis table
of serum CPNT1 levels in breast cancer patients (Cycle2 vs. Cycle3). Tumor
size and LN metastasis were associated with CPN1 decline rate (p < 0.05).
Table S5. Expression of CPN1 and its correlation with clinicopathological
parameters (Cycle3 vs. Cycle4). The relationship between CPN1 and clini-
cal features of breast cancer patients carried out a single factor analysis.
Table S6. Multifactorial analysis table of serum CPNT1 levels in breast
cancer patients (Cycle3 vs. Cycle4). Tumor size and LN metastasis were
associated with CPN1 decline rate (p <0.05). Fig. S1. Serum CA153 (A) and
CEA(B) levels variation in 34 cases at five consecutive observation points.
Fig. S2. Concentration of serum markers in clinical stage lll4- 1V patients
(A) CPN1; (B) CA153. Fig. S3. Concentration of serum markers in TNBC
patients (A) CPN1; (B) Serum CA153. Fig. S4. Serum CPN1 and CA153
concentrations in longer-term chemotherapy patients. (A)(C) CPNT1; (B)(D)
Serum CA153. Fig. S5. Serum CPNT1 as a potential biomarker to predict
chemotherapy effectiveness in IBC patients (Cycle3 vs. Cycle4). (A) Serum
CPN1 as a potential biomarker to predict chemotherapy effectiveness
compared with the level of CA153 and CEA by ROC analysis, the AUC of
CPN1, CA153and CEA were 0.806, 0.650 and 0.609, P< 0.05. (B) Serum
CPN1 as a potential biomarker to chemotherapy effectiveness compared
with the level of CA153 and CEA by ROC analysis in the validation set. The
AUC of CPN1, CA153 and CEA were 0.805, 0.700 and 0.633, P< 0.05. (C) The
sensitivity and specificity of serum CPN1, CA153 and CEA for predicting
chemotherapy effectiveness in the training set and validation set. Fig. S6.
Mechanisms of chemoresistance by adriamycin and paclitaxel and drug-
induced toxic liver injury. (A) Paclitaxel is excreted extracellularly, leading
to chemotherapy resistance mechanisms; (B) Adriamycin promotes drug
resistance mechanisms in neutrophil phenotypic polarization leading to
tumor cell proliferation. (C) Mechanism of cytotoxic damage to hepato-
cytes during the metabolic transformation and excretion of chemothera-
peutic drugs.

Additional file 2. Immunohistochemical images of all tissue specimens.

Acknowledgements

We thank all the patients, their caregivers and study personnel for partici-
pating in this study. The authors would like to express their gratitude to
EditSprings (https://www.editsprings.com/) for the expert linguistic services
provided.

Authors’ contributions

Conception and design: YL, LR, YW. Provision of study materials or patients: YL,
LR. Collection and assembly of data: RC, CW, TL. Data analysis and interpreta-
tion: RC Manuscript writing: RC. Final approval of manuscript: All authors.
Accountable for all aspects of the work: All authors. All authors read and
approved the final manuscript.

Funding
This work was supported by The Science & Technology Development Fund of
Tianjin Education Commission for Higher Education (Grants No. 2020KJ137,

Page 11 of 12

Project title: Molecular mechanism and clinical application value of carboxy-
peptidase N as a novel marker in mediating invasion and metastasis for breast
cancer).

Availability of data and materials
The data that support the findings of this study will be made available from
the corresponding authors upon reasonable request.

Declarations

Ethics approval and consent to participate

This study is approved by the Ethics Committee of the Tian Jin Medical Univer-
sity Cancer Institute and Hospital (Grants No. bc2019100). Informed consent
was obtained from all patients. All procedures performed in the study involv-
ing human participants were in accordance with the Declaration of Helsinki.

Consent for publication
All authors have consented to publish.

Competing interests
The authors declare no competing interests.

Author details

'Department of Clinical Laboratory, Tianjin Medical University Cancer Institute
and Hospital, Tianjin's Clinical Research Center for Cancer, Key Labora-

tory of Cancer Prevention and Therapy, National Clinical Research Center

for Cancer, Huanhuxi Road, Hexi District, Tianjin 300060, China. *Department
of Clinical Laboratory Medicine, Taizhou Central Hospital (Taizhou University
Hospital), No. 999 Donghai Road, Jiaojiang District, Taizhou 318000, Zhejiang,
China. *School of Medical Laboratory, Tianjin Medical University, Tianjin, China.

Received: 2 August 2021 Accepted: 10 October 2021
Published online: 28 October 2021

References

1. Wang LL, Zhang SZ, Wang XC. The metabolic mechanisms of breast can-
cer metastasis. Front Oncol. 2021;01(07):2416-8. https://doi.org/10.3389/
fonc.2020.602416.

2. Medeiros B, Allan AL. Molecular mechanisms of breast cancer metas-
tasis to the lung: clinical and experimental perspectives. Int J Mol Sci.
2019;20(9):2272-2272. https://doi.org/10.3390/ijms20092272.

3. Tellez-Gabriel M, Knutsen E, Perander M. Current status of circulating
tumor cells, circulating tumor DNA, and exosomes in breast cancer liquid
biopsies. Int J Mol Sci. 2020;21(24):9457-80. https://doi.org/10.3390/ijms2
1249457,

4. Zhang JJ,Mao F, Niu G, Peng L, Lang LX, Li F, et al. ®®Ga-BBN-RGD PET/
CT for GRPR and Integrin a, 35 imaging in patients with breast cancer.
Theranostics. 2018;8(4):1121-30. https://doi.org/10.7150/thno.22601.

5. Yang DP, Zhuang BW, Wei W, Xie XY, Xie XH. Differential diagnosis of
liver metastases of gastrointestinal stromal tumors from colorectal
cancer based on combined tumor biomarker with features of conven-
tional ultrasound and contrast-enhanced ultrasound. Abdom Radiol.
2020;45(9):2717-25. https://doi.org/10.1007/500261-020-02592-6.

6. Tang ZJ,LiL, Shen L, Shen XJ, Ju SQ, Cong H. Diagnostic value of serum
concentration and integrity of circulating cell-free DNA in breast cancer:
a comparative study with CEA and CA15-3. Lab Med. 2018;49(4):323-8.
https://doi.org/10.1093/labmed/Imy019.

7. Ideo H, HinodaY, Sakai K, Hoshi I, Yamamoto S, Oka M, et al. Expression of
mucin 1 possessing a 3"-sulfated corel in recurrent and metastatic breast
cancer. Int J Cancer. 2015;137(7):1652-60. https://doi.org/10.1002/ijc.
29520.

8. Lobo J, Ledo R, Jeronimo C, Henrique R. Liquid biopsies in the clinical
management of germ cell tumor patients: state-of-the-art and future
directions. Int J Mol Sci. 2021;22(5):2654-2654. https://doi.org/10.3390/
ijms22052654.

9. Schochter F, Friedl TWP, deGregorio A, Krause S, Huober J, Rack B, et al.
Are circulating tumor cells (CTCs) ready for clinical use in breast cancer?
An overview of completed and ongoing trials using CTCs for clinical


https://doi.org/10.1186/s12935-021-02256-5
https://doi.org/10.1186/s12935-021-02256-5
https://www.editsprings.com/
https://doi.org/10.3389/fonc.2020.602416
https://doi.org/10.3389/fonc.2020.602416
https://doi.org/10.3390/ijms20092272
https://doi.org/10.3390/ijms21249457
https://doi.org/10.3390/ijms21249457
https://doi.org/10.7150/thno.22601
https://doi.org/10.1007/s00261-020-02592-6
https://doi.org/10.1093/labmed/lmy019
https://doi.org/10.1002/ijc.29520
https://doi.org/10.1002/ijc.29520
https://doi.org/10.3390/ijms22052654
https://doi.org/10.3390/ijms22052654

Cui et al. Cancer Cell Int (2021) 21:571

20.

21.

22.

23.

24.

25.

treatment decisions. Cells. 2019;8(11):1412-21. https://doi.org/10.3390/
cells8111412.

Pessoa LS, Heringer M, Ferrer VP. ctDNA as a cancer biomarker: A broad
overview. Crit Rev Oncol Hematol. 2020;11(155):3109-25. https://doi.org/
10.1016/j.critrevonc.2020.103109.

. Zhang L, Yu D. Exosomes in cancer development, metastasis, and immu-

nity. Biochim Biophys Acta Rev Cancer. 2019;1871(2):455-68. https://doi.
0rg/10.1016/j.bbcan.2019.04.004.

Davis AA, Zhang Q, Gerratana L, Shah AN, Zhan Y, Qiang W, et al. Associa-
tion of a novel circulating tumor DNA next-generating sequencing plat-
form with circulating tumor cells (CTCs) and CTC clusters in metastatic
breast cancer. Breast Cancer Res. 2019;21(1):137.

Song XQ, Liang B, Wang CG, Shi S. Clinical value of color Doppler
ultrasound combined with serum CA153, CEA and TSGF detection in the
diagnosis of breast cancer. Exp Ther Med. 2020;20(2):542-53. https://doi.
0rg/10.3892/etm.2020.8868.

LiYJ, LiYG, Chen T, Kuklina A, Bernard P, Francisco J, et al. Circulating
proteolytic products of carboxypeptidase N for early detection of breast
cancer. Clinial Chemistry. 2014;60(1):233-42. https://doi.org/10.1373/clinc
hem.2013.211953.

Leung LLK, Morser J. Carboxypeptidase B2 and carboxypeptidase N in
the crosstalk between coagulation, thrombosis, inflammation, and innate
immunity. J Thromb Haemost. 2018;16(10):1474-86. https://doi.org/10.
1111/jth.14199.

Cui R, Wang C, Zhao Q, Wang YC, Li YG. Serum carboxypeptidase N1
serves as a potential biomarker complementing CA15-3 for breast cancer.
Anti-Cancer Agents Med Chem. 2020;35(04):639-42. https://doi.org/10.
2174/1871520620666200703191135.

Ahmed FS, Dercle L, Goldmacher GV, Yang H, Connors D, Tang Y, et al.
Comparing RECIST 1.1 and iRECIST in advanced melanoma patients
treated with pembrolizumab in a phase Il clinical trial. Eur Radiol.
2021;31(4):1853-62. https://doi.org/10.1007/500330-020-07249-y.

Cui RL, Zhang P, Li YG. Role of carboxypeptidase n invasion and migration
in breast cancer. Anti-Cancer Agents Med Chem. 2016;16(9):1198-202.
https://doi.org/10.2174/1871520616666160201104939.

Lin HY, Chu PY. Advances in understanding mitochondrial MicroRNAs
(mitomiRs) on the pathogenesis of triple-negative breast cancer (TNBC).
Oxid Med Cell Longev. 2021;13(09):1322-32. https://doi.org/10.1155/
2021/5517777.

Zhang Z, Tang P. Genomic pathology and biomarkers in breast cancer.
Crit Rev Oncog. 2017,22(5-6):411-26. https://doi.org/10.1615/CritRevOnc
0Q.v22.i5-6.60.

LiuY, Teng L, Fu S, Wang GY, Li ZJ, Ding C. Highly heterogeneous- related
genes of triple-negative breast cancer: potential diagnostic and prognos-
tic biomarkers. BMC Cancer. 2021;21(1):644-644. https://doi.org/10.1186/
$12885-021-08318-1.

Cao L, Niu Y. Triple negative breast cancer: special histological types and
emerging therapeutic methods. Cancer Biol Med. 2020;17(2):293-306.
https://doi.org/10.20892/j.issn.2095-3941.2019.0465.

Wang ZY, Jiang QJ, Dong CF. Metabolic reprogramming in triple-negative
breast cancer. Cancer Biol Med. 2020;17(1):44-59. https://doi.org/10.
20892/j.issn.2095-3941.2019.0210.

de Almeida FK, Rosa DD. Adjuvant dose-dense chemotherapy for

breast cancer: available evidence and recent updates. Breast Care.
2018;13(6):447-52.

LiQ Wang J, MuY, Zhang TT, Han Y, Wang JY, et al. Dose-dense paclitaxel
plus carboplatin vs. epirubicin and cyclophosphamide with paclitaxel as
adjuvant chemotherapy for high-risk triple-negative breast cancer. Chin J
Cancer Res. 2020;32(4):485-96. https://doi.org/10.21147/].issn.1000-9604.
2020.04.06.

Page 12 of 12

26. Matikas A, Foukakis T, Bergh J. Dose intense, dose dense and tailored
dose adjuvant chemotherapy for early breast cancer: an evolution of
concepts. Acta Oncol. 2017;56(9):1143-51. https://doi.org/10.1080/02841
86X.2017.1329593.

27. Blondeaux E, Poggio F, Del Mastro L. Role of dose-dense chemotherapy
in high-risk early breast cancer. Curr Opin Oncol. 2019;31(6):480-5.
https://doi.org/10.1097/CCO.0000000000000571.

28. Furlanetto J, Loibl S. Optimal systemic treatment for early triple-negative
breast cancer. Breast Care. 2020;15(3):217-26. https://doi.org/10.1159/
000508759.

29. Xie Q,XiaoYS, Jia SC, Zheng JX, Du ZC, Chen YC, et al. FABP7 is a potential
biomarker to predict response to neoadjuvant chemotherapy for breast
cancer. Cancer Cell Int. 2020;20:562. https://doi.org/10.1186/512935-020-
01656-3 (Published online 2020 Nov 23).

30. Shah K, Rawal RM. Genetic and epigenetic modulation of drug
resistance in cancer: challenges and opportunities. Curr Drug Metab.
2019;20(14):1114-31. https://doi.org/10.2174/13892002216662001031
11539.

31. Gottesman MM, Ling V. The molecular basis of multidrug resist-
ance in cancer: the early years of P-glycoprotein research. FEBS Lett.
2020;11(215):1-21. https://doi.org/10.1016/j febslet.2005.12.060.

32. Gaol, ZhaoP LiY,Yang DW, Hu P, Li LZ, et al. Reversal of P-glycopro-
tein-mediated multidrug resistance by novel curcumin analogues
in paclitaxel-resistant human breast cancer cells. Biochem Cell Biol.
2020;98(4):484-91. https://doi.org/10.1139/bcb-2019-0377.

33. Zhang S, Zhou L, Zhang M, Wang YH, Wang MQ, Du JC, et al. Berberine
maintains the neutrophil N1 phenotype to reverse cancer cell resistance
to doxorubicin. Front Pharmacol. 2020;1(10):3389-404. https://doi.org/10.
3389/fphar2019.01658.

34. Kobayashi A, Suzuki'Y, Sugai S. Specificity of transaminase activities in the
prediction of drug-induced hepatotoxicity. J Toxicol Sci. 2020;45(9):515-
37. https://doi.org/10.2131/jts.45.515.

35. Vincenzi B, Armento G, Spalato Ceruso M, Catania G, Leakos M, Santini
D, et al. Drug-induced hepatotoxicity in cancer patients - implication for
treatment. Expert Opin Drug Saf. 2016;15(9):1219-38. https://doi.org/10.
1080/14740338.2016.1194824.

36. Trefts E, Gannon M, Wasserman DH. The liver. Curr Biol.
2017;27(21):R1147-51. https://doi.org/10.1016/j.cub.2017.09.019.

37. Andrade RJ, Chalasani N, Bjornsson ES, Suzuki A, Kullak-Ublick GA, Watkins
PB, et al. Drug-induced liver injury. Nat Rev Dis Primers. 2019;5(1):58-58.
https://doi.org/10.1038/541572-019-0105-0.

38. Almazroo OA, Miah MK, Venkataramanan R. Drug metabolism in the liver.
Clin Liver Dis. 2017;21(1):1-20. https://doi.org/10.1016/j.cld.2016.08.001.

39. Ma XW, McKeen T, Zhang J, Ding WX. Role and mechanisms of
mitophagy in liver diseases. Cells. 2020;9(4):837-837. https://doi.org/10.
3390/cells9040837.

40. Keil C, Maskos K, Than M, Hoopes JT, Huber R, Tan F, et al. Crystal structure
of the human carboxypeptidase N (kininase ) catalytic domain. J Mol
Biol. 2007;366(2):504-16. https://doi.org/10.1016/jjmb.2006.11.025.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.3390/cells8111412
https://doi.org/10.3390/cells8111412
https://doi.org/10.1016/j.critrevonc.2020.103109
https://doi.org/10.1016/j.critrevonc.2020.103109
https://doi.org/10.1016/j.bbcan.2019.04.004
https://doi.org/10.1016/j.bbcan.2019.04.004
https://doi.org/10.3892/etm.2020.8868
https://doi.org/10.3892/etm.2020.8868
https://doi.org/10.1373/clinchem.2013.211953
https://doi.org/10.1373/clinchem.2013.211953
https://doi.org/10.1111/jth.14199
https://doi.org/10.1111/jth.14199
https://doi.org/10.2174/1871520620666200703191135
https://doi.org/10.2174/1871520620666200703191135
https://doi.org/10.1007/s00330-020-07249-y
https://doi.org/10.2174/1871520616666160201104939
https://doi.org/10.1155/2021/5517777
https://doi.org/10.1155/2021/5517777
https://doi.org/10.1615/CritRevOncog.v22.i5-6.60
https://doi.org/10.1615/CritRevOncog.v22.i5-6.60
https://doi.org/10.1186/s12885-021-08318-1
https://doi.org/10.1186/s12885-021-08318-1
https://doi.org/10.20892/j.issn.2095-3941.2019.0465
https://doi.org/10.20892/j.issn.2095-3941.2019.0210
https://doi.org/10.20892/j.issn.2095-3941.2019.0210
https://doi.org/10.21147/j.issn.1000-9604.2020.04.06
https://doi.org/10.21147/j.issn.1000-9604.2020.04.06
https://doi.org/10.1080/0284186X.2017.1329593
https://doi.org/10.1080/0284186X.2017.1329593
https://doi.org/10.1097/CCO.0000000000000571
https://doi.org/10.1159/000508759
https://doi.org/10.1159/000508759
https://doi.org/10.1186/s12935-020-01656-3
https://doi.org/10.1186/s12935-020-01656-3
https://doi.org/10.2174/1389200221666200103111539
https://doi.org/10.2174/1389200221666200103111539
https://doi.org/10.1016/j.febslet.2005.12.060
https://doi.org/10.1139/bcb-2019-0377
https://doi.org/10.3389/fphar.2019.01658
https://doi.org/10.3389/fphar.2019.01658
https://doi.org/10.2131/jts.45.515
https://doi.org/10.1080/14740338.2016.1194824
https://doi.org/10.1080/14740338.2016.1194824
https://doi.org/10.1016/j.cub.2017.09.019
https://doi.org/10.1038/s41572-019-0105-0
https://doi.org/10.1016/j.cld.2016.08.001
https://doi.org/10.3390/cells9040837
https://doi.org/10.3390/cells9040837
https://doi.org/10.1016/j.jmb.2006.11.025

	Carboxypeptidase N1 is anticipated to be a synergy metrics for chemotherapy effectiveness and prognostic significance in invasive breast cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Tissue and serum samples
	Immunohistochemistry
	ELISA for detecting serum CPN1
	Determination of CA153 and CEA concentrations in serum
	Statistical analysis

	Results
	Immunohistochemical and survival analysis of CPN1 expression in tissue
	CPN1 expression in IBC tissue and association with clinical variables
	CPN1 dynamics during chemotherapy
	Serum CPN1 as a potential surveillance biomarker for IBC
	Comparison of radiology and CPN1 in typical cases

	Discussion
	Conclusions
	Acknowledgements
	References




