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Background: The expression of CCL28 and its relationship with clinical outcomes remain unclear in
the setting of heterogeneous breast cancer. The purpose of the current study was to identify the expression
characteristics of chemokine CCL28 in breast cancer, with a focus on its prognostic relevance to different
subtypes.

Methods: First, we investigated the expression of CCL28 in 150 breast cancer patients
immunohistochemically and assessed the impact of CCL28 on relapse-free survival (RFS) in the whole
cohort and different clinical subtypes [defined by hormone receptor (HR), and HER-2 status] by univariate
and multivariate analysis. Furthermore, the other two cohorts comprised of 863 patients from the Cancer
Genome Atlas (TCGA) database and 1,764 patients from the Kaplan-Meier plotter database, respectively,
were chosen to validate the prognostic values of CCL28 in breast cancer.

Results: Those with positive CCL28 expression had improved RFS in luminal-like (HR positive, any
HER-2 status) subtype (P=0.052) but had impaired RFS in triple-negative cases (P=0.019), after adjustment
with tumor size and lymph node status. Consistently, multivariate analysis in the TCGA cohort revealed
improved disease-free survival (DFS) among patients with high expression of CCL28 in luminal-like subtype
(P=0.043) and decreased DFS in patients expressing high CCL28 in triple-negative cases (P=0.010). The
subsequent analysis of the Kaplan-Meier plotter cohort also demonstrated that CCL28 was a favorable
prognostic factor for luminal-like cases [luminal A (P<0.001) and luminal B (P=0.031)], but a poor prognostic
indicator for the patients with triple-negative phenotype (P<0.001).

Conclusions: CCL28 was a favorable prognostic factor for luminal-like cases and detrimental for triple-
negative subtype, indicating that the same chemokine may play different or even opposite roles in the

recurrence and metastasis of different molecular subtypes of breast cancer.
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Introduction

Breast cancer is the most prevalent malignancy and the
leading cause of cancer death among women worldwide (1).
As a heterogeneous collection of diseases, breast cancer
is molecularly classified into different subtypes, leading
to various prognostic evaluation and therapeutic decision
making (2). An increasing number of studies have focused
on the novel biomarkers so as to provide better and
comprehensive prognostic evaluation for breast cancer
patients along with the current practical prognostic factors
[e.g., estrogen receptor (ER), progesterone receptor (PR),
HER-2 and Ki-67] (3,4). However, it remains unclear that
whether the same biomarker is able to assess different
subtypes of cancer consistently or at least in the same
direction.

Chemokines are small cytokine-like secreted proteins
primarily secreted by stromal cells with chemo-attractant
properties (5-7). Previous findings have uncovered the
significance of chemokines in cancer biology, by not only
mediating immune-cells homing into tumors but also being
directly involved in the regulation of the development,
progression, invasion and metastasis of different human
malignancies (8,9). Our previous research also revealed
the involvement of some chemokines in breast cancer. For
example, CCR4 was shown to promote tumor growth and
lung metastasis in breast cancer (10). CXCL14 was found to
play an inhibitory role in the proliferation and metastasis of
breast malignancy (11).

One of the members of CC subfamily, CCL28 or
mucosae-associated epithelial chemokine, is a ligand for
CCR3/CCR10 and typically secreted from epithelial cells in
the gut, lung salivary, as well as breast gland (12,13). Several
studies have shown its functions on mucosal immunity
and antimicrobial activity (14). This chemokine also plays
divergent roles in a variety of cancers. Facciabene er al.
have discovered for the first time that the overexpression
of CCL28 under hypoxia could account for the shortened
survival in patients with ovarian cancer (15). On the
contrary, another clinical research found the notably lower
expression of the CCL28 protein in colorectal tumors
compared with normal tissues (16). The expression of
CCL28, as well as its relationship with tumor biological
behaviors and patients’ survival outcomes, remain unclear
in the setting of heterogeneous breast cancer. One study
found that CCL28 mRNA expression was eliminated
in human breast tumors compared to adjacent normal
tissues (17). However, Yang er a/. demonstrated that highly
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expressed CCL28 served as a detrimental factor through
promoting the proliferation, invasiveness and metastasis of
MDA-MB-231 breast cancer cell line (18). Taken together,
the prognostic relevance of CCL28 in different subtypes
of breast cancer requires further exploration. The current
study was designed to investigate the prognostic values of
CCL28 in breast cancer with a focus on divergent subtypes.
Extended validation was performed in the cohorts from
publicly available datasets.

Methods
Study patients and samples

We included 150 patients in the discovery cohort, with ages
ranging from 24 to 85 years and the median follow-up time
for 50 months. The basic information of clinicopathologic
features is shown in 7Table 1. All samples were collected
between May-2010 and March-2013, at the Department
of Breast Surgery in Affiliated Cixi Hospital of Wenzhou
Medical University. We staged the participants according
to the American Joint Committee on Cancer (AJCC)
pathologic tumor-node-metastasis (TINM) classification
(the 7™ edition). All patients included were systematically
untreated before the surgery, with operable primary invasive
breast carcinoma (stages I to IIb and T3N1MO0). Those
with neoadjuvant chemotherapy, prior malignancies, and
stage IV diseases were excluded. Our research protocol had
been approved by the Ethical Committee of the Affiliated
Cixi Hospital of Wenzhou Medical University, with all
participants providing written informed consents.

Immunobistochemistry (IHC) assay for CCL28 in the
discovery cobort

We performed IHC assay for tumorous expression of
CCL28 in the discovery cohort. The procedure of IHC
assay had been described previously (19). With four-
micron paraffin sections prepared, tissue sections were
deparaffinized in xylene for 5 minutes and rehydrated with
graded ethanol. Three percent hydrogen peroxide was
used to inhibit the endogenous peroxidase activity, and
antigen retrieval was conducted using 10 mM citrate buffer.
Afterward, the sections were incubated with diluted goat
serum for 10 minutes followed by overnight incubation with
primary CCL28 rabbit monoclonal antibody (dilution 1:500,
rabbit polyclonal to CCL28, clone PA5-28821, Thermo
Corp. USA) at 4 °C. After incubation with biotinylated
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Table 1 Basic information of clinicopathologic characteristics of
150 patients with breast cancer

Characteristic Number (%)
Median age [range], years 51.5 [24-85]
Tumor size, cm

<2 74 (49.3)

>2 76 (50.7)
Lymph node status

Negative 93 (62.0)

Positive 57 (38.0)
ER status

Negative 53 (35.3)

Positive 97 (64.7)
PR status

Negative 56 (37.3)

Positive 94 (62.7)
HR status

Negative 43 (28.7)

Positive 107 (71.3)
HER-2 status

Negative 113 (75.3)

Positive 37 (24.7)
Subtype

HER-2 enriched 16 (10.7)

Luminal-like 107 (71.3)

Triple-negative 27 (18.0)
CCL28

Negative 98 (65.3)

Positive 52 (34.7)

ER, estrogen receptor; PR, progestogen receptor; HR, hormone
receptor.

secondary antibody for 30 minutes and with streptavidin-
peroxidase for 30 minutes, staining development was finally
conducted with 3-3'-diaminobenzidine. Phosphate buffer
saline, instead of primary antibody, was used for negative
controls.

Immune-reactivity was estimated according to
Hao’s method (20). We evaluated the cytoplasmic and
membranaceous staining intensity and percentage of
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positive tumor cells in five randomly selected high-power
fields (200x) for each sample. The extent of staining
was divided into five semi-quantitative categories based
on the percentages of positive tumor cells: 0 (<5%
positive cells), 1 (6% to 25% positive cells), 2 (26% to
50% positive cells), 3 (51% to 75% positive cells) and 4
(>75% positive cells). In addition, the intensity of staining
was classified semi-quantitatively from 0 to 3: 0 for
negative, 1 for weak staining, 2 for moderate staining and
3 for strong staining. The intensity and percentage scores
were multiplied to obtain the final staining scores: 0 to 2, as
negative; 3 to 12, as positive. All specimens were evaluated
independently by two pathologists who were unaware of
patients’ clinicopathologic information. In the cases of
score discrepancies, the slides were re-examined, and two
observers reached consensuses through discussion. The
representative CCL28 IHC staining plots are shown in
Figure 1.

Measurement of ER, PR, and HER-2 status in the
discovery cobort

We conducted IHC analysis of ER, PR, and HER-2
expression in the paraffin-embedded tumor surgical
specimens of our participants, according to the guideline
of American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) (21,22). At least 1%
tumor nuclei immunoreactive for ER or PR should be
considered positive (21). HER-2 was determined positive by
THC 3+ (HerceptTest, DAKO, Denmark) or fluorescence
in situ hybridization (FISH) positive status (PathVysion
HER-2 DNA probe kit) (22). ER and PR were merged
into hormone receptor (HR) with HR status positive for
ER and/or PR positive, HR status negative for ER and PR
negative. Then we categorized the cases in our cohort into
three clinical subtypes based on the HR and HER-2 status:
HER-2 enriched (HR negative, HER-2 positive), luminal-
like (HR positive, HER-2 negative or positive), triple-
negative (HR and HER-2 negative). Consequently, there
were 16 (10.7%) HER-2 enriched, 107 (71.3%) luminal-like
and 27 (18.0%) triple-negative cases.

Validation coborts

Extended validation was carried out in two publicly available

databases. The first cohort was from the Cancer Genome
Atlas (TCGA) database. The data on clinical information
were downloaded from Cbioportal (http://www.cbioportal.
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Figure 1 Representative immunohistochemical staining of CCL28 in the discovery cohort. (A,C) CCL28 negative: (A, x200; C, x400);

(B,D) CCL28 positive (B, x200; D, x400).

org/) on October 07, 2017 (23,24). The data on CCL28
expression were extracted from FPKM-UQ files (CCL28/
ENSG00000151882.10) downloaded from the GDC
data portal (https://portal.gdc.cancer.gov) on October 27,
2017 (25,26). Only cases staging from I to III, with available
data on HR status, HER-2 status, tumor size, lymph node
status, CCL28 mRNA expression (RNA sequencing) and
disease-free survival (DFS) were included, resulting in a
cohort of 863 patients. To consist with the grouping of the
discovery cohort, the patients in the TCGA cohort was
categorized into the same three clinical subtypes according
to the HR and HER-2 status measured by IHC and FISH
assay: HER-2 enriched, luminal-like and triple-negative
breast cancer, with the cases number of 35, 683 and 145,
respectively. The median expression of CCL28 in these
863 patients was decided as the cutoff value of high and low
expression subgroups.

Another online database named Kaplan-Meier plotter
was established with data on the gene expression and
survival information of breast cancer patients downloaded
from Gene Expression Omnibus, European Genome-
Phenome Archive and TCGA (27,28), last updated in
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October 13, 2016 and containing now 5,143 samples.
A total of 35 datasets of breast cancer were utilized for
analysis, with a detailed list available on the webpage (http://
kmplot.com/analysis/index.php?p=service&cancer=breast).
Redundant samples (repeated microarrays representing the
same individuals) and biased arrays (two or more parameters
are out of 95% range of all arrays) were removed for quality
control, with restriction on follow-up time of no more than
120 months, leading to 1,764 breast cancer cases with data
on the mRNA expression of desired gene CCL28 (probe
ID, 238750_at) and corresponding relapse-free survival
(RFS) information. Subgroup analysis meeting the purpose
of our research was based on the 2013 St. Gallen molecular
classification criteria using the expression of ER-I gene,
HER-2 gene, and marker of proliferation Ki-67 gene (29).
Among 1,764 cases with breast cancer, the number of
luminal A, luminal B, triple-negative phenotype and HER-
2 enriched cases were 841, 407, 360 and 156, respectively.
Patients with high or low CCL28 expression were grouped
using “Auto select best cutoff” (calculate all percentiles
and automatically select the best execution threshold as the
cutoff value).
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Statistical analysis

In the discovery and Kaplan-Meier cohorts, the study
endpoint of interest was RFS, defined as the time from
initial diagnosis biopsy to the occurrence of local or regional
recurrence, or distance metastasis. In the TCGA cohort,
the primary outcome was DFS, which was calculated from
initial diagnosis biopsy to local or regional recurrence,
distance metastasis, or death as a result of any non-breast
cancer cause. Given that the main endpoint events of DFS

Table 2 Association of CCL28 expression with age, tumor size,
lymph node status, and subtype

CCL28
Characteristics Negative Positive P value
Number % Number %

Age, years 0.49
<51 51 68.0 24 32.0
>51 47 62.7 28 37.3

Tumor size, cm 0.57
<2 50 67.6 24 32.4
>2 48 63.2 28 36.8

Lymph node status 0.93
Negative 61 65.6 32 34.4
Positive 37 64.9 20 35.1

Subtype 0.66
HER-2 enriched 12 75.0 4 25.0
Luminal-like 68 63.6 39 36.4
Triple-negative 18 66.7 9 33.3

781

were recurrence and metastasis, RFS and DFS could be
considered similar when appropriate. The maximum follow-
up time was restricted to 120 months. The ¥’ test or Fisher’s
exact test was applied to estimate the association of CCL28
expression with clinicopathologic variables. The effects of
CCL28 expression on survival outcomes in patients from
the discovery cohort and TCGA cohort were evaluated by
univariate Cox regression analysis as well as multivariate
Cox regression analysis adjusted by tumor size, lymph
node status, HR status and HER-2 status. Kaplan-Meier
method and log-rank test were applied to plot and compare
the survival curves. As for the Kaplan-Meier potter cohort,
survival analysis was performed online, and survival curves
were plotted on the webpage with the calculated hazard
ratio (HR), 95% confidence intervals (CI), and log-rank
P values. All of these statistical analyses were performed
using SPSS 23.0 IBM Corp, Armonk, NY). Statistically
significant was defined as two-sided P<0.05.

Results

Association of CCL28 expression with clinicopathologic
variables

In the discovery cohort, we evaluated the relevance of
CCL28 expression with clinicopathologic characteristics
including age, tumor size, lymph node status, and subtype.
Among 150 patients, no significant association was found
between the CCL28 expression and clinicopathologic
features mentioned above (P>0.05, Table 2).

The effects of CCL28 on survival outcomes

As shown in Table 3, the univariate Cox regression analysis

Table 3 Univariate and multivariate Cox regression analysis of CCL28 on RFS in the discovery cohort

Univariate Multivariate
Variables
HR (95% Cl) P value HR (95% Cl) P value
Whole cohort 0.728 (0.354-1.497) 0.389 0.770 (0.374-1.587) 0.479°
Subtype
HER-2 0.451 (0.049-4.189) 0.484 0.333 (0.034-3.254) 0.345°
Luminal-like 0.336 (0.112-1.008) 0.052 0.336 (0.112-1.011) 0.052°
Triple-negative 4.604 (1.149-18.446) 0.031 5.800 (1.342-25.074) 0.019°

?, adjusted by tumor size (<2 vs. =2 cm), lymph node status (negative vs. positive), hormone receptor status (negative vs. positive), HER-2
status (negative vs. positive); ®, adjusted by tumor size (<2 vs. =2 cm), lymph node status (negative vs. positive). RFS, relapse-free survival;

HR, hazard ratio; Cl, confidence interval.
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Figure 2 In the discovery cohort, Kaplan-Meier analysis of CCL28 on relapse-free survival in the whole (A), HER-2 enriched (B), luminal-

like (C), triple-negative (D) breast cancer patients.

revealed that CCL28 was not an indicator of RFS in the
whole cohort (HR =0.728, 95% CI: 0.354-1.497, P=0.389)
(Figure 2A) and HER-2 enriched subgroup (HR =0.451,
95% CI: 0.049-4.189, P=0.484) (Figure 2B). Interestingly,
CCL28 was found related to improved RFS in luminal-
like cases (HR =0.336, 95% CI: 0.112-1.008, P=0.052)
(Figure 2C) but impaired RFS in patients with triple-
negative breast cancer (HR =4.604, 95% CI: 1.149-18.446,
P=0.031) (Figure 2D). After adjustment with tumor size and
lymph node status, the results still indicated that CCL28
had no effect on RFS in the all (HR =0.770, 95% CI: 0.374-
1.587, P=0.479) and HER-2 enriched (HR =0.333, 95%
CI: 0.034-3.254, P=0.345) patients. Borderline statistically
significant association of CCL28 with favorable RFS in
luminal-like subtype (HR =0.336, 95% CI: 0.112-1.011,
P=0.052) was found, in contrast to markedly shortened RFS
in triple negative patients with high expression of CCL28
(HR =5.800, 95% CI: 1.342-25.074, P=0.019), which was

consistent with previous univariate analysis results.
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Validation for prognostic values of CCL28 in the TCGA
cobort

According to the tissue sample requirements of TCGA,
high-quality tumor samples with at least 80% tumor cell
nuclei or powerful sequencing methods that can distinguish
tumor cell signals from other cell signals are needed (30).
Thus, the mRNA expression data estimated by RNA-
sequencing assay from TCGA mainly revealed the presence
and quantity of CCL28 mRNA inside the tumors, which
was relatively consistent with the IHC assay for tumorous
CCL28. Therefore, we collected data on the mRNA
expression of CCL28 and DFS from TCGA dataset to
validate the prognostic effects of CCL28.

In this cohort, no significant relevance of CCL28
expression with DFS was observed in the entire cohort
(HR =0.943, 95% CI: 0.596-1.494, P=0.803) (Figure 3A)
and HER-2 enriched subtype (HR =2.297, 95% CI: 0.207-
25.460, P=0.498) (Figure 3B). In luminal-like breast cancer,

7 Thorac Dis 2019;11(3):777-787
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Figure 3 In the TCGA cohort, Kaplan-Meier analysis of CCL28 on disease-free survival in the whole (A), HER-2 enriched (B), luminal-
like (C), triple-negative (D) breast cancer patients. TCGA, the Cancer Genome Atlas.

favorable DFS was observed in patients displaying the high
expression of CCL28 (HR =0.574, 95% CI: 0.319-1.033,
P=0.064) (Figure 3C), whereas improved DFS was associated
with the low CCL28 expression in triple-negative cases
(HR =2.556, 95% CI: 1.059-6.169, P=0.037) (Figure 3D).
After further multivariate Cox regression analysis adjusted
by tumor size and lymph node status, there was also no
evidence of the prognostic effect of CCL28 in the whole
cohort (HR =1.028, 95% CI: 0.644-1.641, P=0.908)
and HER-2 enriched subtype (HR =1.808, 95% CI:
0.163-20.079, P=0.630). CCL28 remained an independent
prognostic factor for lower recurrence in luminal-like
subtype (HR =0.543, 95% CI: 0.300-0.980, P=0.043) and
worse DFS in patients with triple negative breast cancer
(HR =3.351,95% CI: 1.332-8.428, P=0.010) (Tible 4).

Validation for prognostic effects of CCL28 in the

Kaplan-Meier plotter cobort

The prognostic values of CCL28 were further validated at
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the mRNA level in the cases from the Kaplan-Meier plotter
dataset. Since multivariate analysis adjusted by tumor size
and lymph node status could not be performed in this online
tool, only the results of univariate analysis were shown here.
Among the whole population, the high mRNA expression of
CCL28 was relevant to improved RFS (HR =0.77, 95% CI:
0.66-0.91, P=0.0014) (Figure 4A4). When analyzed by intrinsic
subtype, CCL28 was a favorable prognostic biomarker
for luminal-A (HR =0.63, 95% CI: 0.48-0.81, P<0.001)
(Figure 4B), luminal-B (HR =0.71, 95% CI: 0.52-0.97,
P=0.031) (Figure 4C) patients, but a poor prognostic indicator
for patients with triple-negative phenotype (HR =1.73, 95%
CI: 1.25-2.39, P<0.001) (Figure 4D). There was no evidence
showing the significant association between CCL28
expression and RFS in HER-2 enriched participants
(HR =0.63, 95% CI: 0.37-1.09, P=0.095) (Figure 4E).

Discussion

In the present study, the relevance between the CCL28

7 Thorac Dis 2019;11(3):777-787
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Table 4 Univariate and multivariate Cox regression analysis of CCL28 on DFS in the TCGA cohort

Univariate Multivariate
Variables
HR (95% Cl) P value HR (95% CI) P value
Whole cohort 0.943 (0.596-1.494) 0.803 1.028 (0.644-1.641) 0.908°
Subgroup
HER-2 2.297 (0.207-25.460) 0.498 1.808 (0.163-20.079) 0.630°
Luminal-like 0.574 (0.319-1.033) 0.064 0.543 (0.300-0.980) 0.043°
Triple-negative 2.556 (1.059-6.169) 0.037 3.351 (1.332-8.428) 0.010°

“, adjusted by tumor size (<2 vs. =2 cm), lymph node status (negative vs. positive), hormone receptor status (negative vs. positive), HER-2
status (negative vs. positive); °, adjusted by tumor size (<2 vs. =2 cm), lymph node status (negative vs. positive). DFS, disease-free
survival; TCGA, the Cancer Genome Atlas; HR, hazard ratio; CI, confidence interval.

expression and survival outcomes of the patients with
different breast cancer subtypes was reported. In the
discovery cohort, we observed that patients with high
expression of CCL28 tend to have less recurrences in
luminal-like cases, but worse survival outcomes in triple-
negative subtype. The observed prognostic effects of
CCL28 remained after adjusted by tumor size and lymph
node status. These findings were further verified in two
validation cohorts from TCGA and Kaplan-Meier plotter
datasets, respectively.

In addition to acting as mediators of inflammatory
responses, the complicated roles of chemokines in
promoting or suppressing tumor progression and metastasis
has also been revealed in recent studies (31,32). Some
chemokines were found to be correlated with clinical
outcomes of the patients with breast cancer. For instance,
chemokine CCL5 was found as a potential prognostic
factor for disease progression in stage II breast cancer
patients and CX3CL1 expression was associated with
poor outcome in breast cancer patients (4,33). CCL28, a
CC subfamily chemokine, is mainly produced by mucosal
epithelial cells and involved in the development of different
human malignancies, including breast cancer, with various
functions (13,16,18,34). In view of the divergent prognostic
roles of CCL28 in different malignancies, as well as the
heterogeneity of breast cancer, the relationship between
CCL28 and different subtypes of breast cancer is worth
exploring.

We examined immunohistochemical CCL28 expression
in 150 patients and conducted survival analysis of CCL28
on clinical outcomes. Despite no statistically significant
result observed in the whole group and HER-2 enriched
subgroup, it was somewhat surprising that the prognostic
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effects of CCL28 were complicated in breast cancer. In the
luminal-like subtype, CCL28 served as a favorable predictive
factor for survival, which suggests the involvement of
CCL28 in the inhibitory pathway of the recurrence and
metastasis of breast cancer. Contrarily, higher expression
of CCL28 was correlated with poorer survival in triple-
negative cases, indicating that CCL28 may act as a pro-
tumor substance in this subgroup. The result obtained from
triple-negative subtype was in accordance with a previous
study that the overexpression of CCL28 in MDA-MB-
231HM cell line resulted in enhanced tumor proliferation
and metastasis via mitogen-activated protein kinase
mediated, anti-apoptotic protein Bcl-2 and suppressing cell
adhesion protein B-catenin involved signal pathways (18).
The observed complex prognostic effects of CCL28 in
different breast cancer subtypes might be attributed to the
various pro-tumor or anti-tumor signaling pathways where
CCL28 involved, which could be supported by several
studies on the other types of malignancies. Facciabene et al.
discovered that up-regulation of CCL28 induced by
hypoxia-inducible factor-1a facilitated the migration of
regulatory T cells to tumor sites in ovarian cancer, which
contributed to the tumor tolerance and angiogenesis (15).
Nevertheless, another study suggested that the reduced
expression of CCL28 in colon tumors impaired the
recruitment of IgA-secreting cells, which in turn, attenuated
barrier function and promotes inflammation-driven tumor
progression (35). Consistently, the results gained from the
TCGA and Kaplan-Meier plotter cohorts validated the
opposite prognostic values of CCL28 in luminal-like and
triple-negative breast cancer, with no evidence showing
an association between CCL28 and survival outcome in
HER-2 enriched subtype. There existed a discrepancy
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Figure 4 Kaplan-Meier plots derived from http://kmplot.com/analysis/. The association between CCL28 and relapse-free survival in the
whole (A), luminal-A (B), luminal-B (C), triple-negative phenotype (D) and HER-2 enriched (E) breast cancer patients. HR, hazard ratio.

about the prognostic effects of CCL28 among the three
entire populations, which might partly be explained by the
different sample sizes, baseline characteristics and cut-off
values of these cohorts.

The divergent prognostic relevance of CCL28 might

© Journal of Thoracic Disease. All rights reserved.

provide new insights into the clinical application of some
emerging biomarkers for prediction of survival outcomes.
Due to the significant difference of biological nature
between subtypes in heterogeneous cancer, the same
factor may play different or even opposite prognostic
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roles. Combining tumor subtypes with clinicopathologic
features is of great significance to provide patients with
comprehensive prognostic information.

To the best of our knowledge, the current study
primarily performed a thorough investigation on the
prognostic values of CCL28 in different subtypes of breast
cancer with extended validation in large-sample datasets.
However, this study has several limitations. First of all,
given the retrospective nature, a powerful conclusion of
the prognostic values of CCL28 could not be reached in
this study. Further validation is warranted to be conducted
on a prospective cohort with large sample size. Secondly,
we measured the protein expression of CCL28 in the
discovery cohort, but acquired the mRNA expression data
of CCL28 from publicly available datasets. There must be
an inconsistency between the protein and mRNA expression
of CCL28. Moreover, the analyses based on the datasets
consisting of gene expression data derived from various
institutions and laboratories could inevitably introduce bias.

Overall, our study has shown for the first time that
CCL28 served as a potential biomarker with complicated
prognostic effect in luminal-like and triple-negative
breast cancer. Future research on a prospective cohort
with large sample size will further clarify the prognostic
values of CCL28. As well, various involved pathways of
CCL28 in different breast cancer subtypes deserve further
exploration to better understand the role of CCL28 in
breast cancer and the molecular signature of breast cancer

by subtype.
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