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Expression of long-form prolactin receptor is associated with
lower disease-free and overall survival in node-negative breast
cancer patients
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Background: Breast cancer is the most frequent female malignancy in Thailand. Prolactin (PRL) and
prolactin receptor (PRLR) play an important role in normal breast development and carcinogenesis of breast
cancer. There are two major isoforms of PRLR, consisting of long-form (LF-PRLR) and short-form (SF-
PRLR) that stimulate different signaling pathways. This study aims to explore the associations between all
PRLR isoforms (all-PRLR) and LF-PRLR with clinicopathological parameters in breast cancer patients.
Methods: A total of 340 patients were recruited from January 2009 to December 2015. Expressions of
PRLR in breast cancer tissue were determined by immunohistochemistry using specific antibodies that
recognize different domains of PRLR (B6.2 for all-PRLR and H-300 for LF-PRLR). The associations
between all-PRLR and LF-PRLR expressions with clinicopathological parameters were evaluated.

Results: Expression of all-PRLR was observed in 86.2% of all patients while LF-PRLR expression was
observed in 54.4%. All-PRLR was co-expressed with estrogen receptor (ER) and progesterone receptor (PR).
LF-PRLR expression was associated with high grade tumor and human epidermal growth factor receptor-2
(HER2) overexpression (P=0.010 and <0.001, respectively). Subgroup analysis revealed that LF-PRLR
expression was the independent predictor for lower disease-free survival (DFS) in node-negative breast
cancer patients with high expression of all-PRLR [hazard ratio (HR): 5.224, 95% confidence interval (CI):
1.089-25.064, P=0.039].

Conclusions: The presence of LF-PRLR in the patients with high expression of all-PRLR was associated
with adverse outcome. Evaluation of all-PRLR and LF-PRLR might be used as novel prognosticators in

node-negative breast cancers.
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Introduction

Breast cancer is the most frequent malignancy in
women worldwide (1). The incidence of this disease is
increasing in Thailand and it is also the leading cause of
cancer mortality (2). Normal breast development and
carcinogenesis of breast cancer are controlled by several
proteins. The key modulators of mammary epithelial cell
proliferation and differentiation are prolactin (PRL) and
prolactin receptor (PRLR) (3).

PRLR belongs to class I cytokine receptor family. PRLR
locates on chromosome 5 (p13-14) and contains at least
10 exons with overall length of over 100 kilobases (4)
Alternative mRNA splicing results in five different
membrane bound isoforms and proteolytic cleavage of
extracellular domain (ECD) results in soluble form of
PRLR (4) The membrane-bound forms comprise of
long-form (LF-PRLR), intermediate-form, AS1-form
and two short-forms (SF-PRLR). All of these isoforms,
so called all-PRLR, share common ECD but different
in their intracellular domain (ICD) (5). LF-PRLR, an
80-85 kDa-peptide, plays the important role in PRLR
signaling via activation of several down-stream signaling
pathways including JAK2, STATS MAPK, and PI3K, then
subsequently promotes cell proliferation, differentiation,
as well as survival. LF-PRLR is believed to exert the major
role in PRL signaling (6). Intermediate-isoform PRLR
activates JAK/STAT pathway and results in cell survival but
not proliferation (7). In contrast, SF-PRLR inhibits signal
transduction of MAPK (8).

PRLR has been implicated in the pathogenesis
of breast and also prostate cancer (9). RT-PCR and
immunohistochemistry assays showed that PRLR mRNA
and protein were highly expressed in breast cancer tissue
when compared to normal breast tissue (10,11). The
binding of PRL to PRLR results in stimulation of breast
cancer cell proliferation, migration, and survival (5).
Co-expression of PRL and PRLR in breast cancer cells
create autocrine/paracrine growth and survival loop (12).
However, the role of PRL/PRLR signaling in breast cancer
is still controversial. The absence of PRLR expression was
associated with poorly-differentiated and larger tumor (13).
High expression of LF-PRLR was associated with well to
moderately differentiated carcinoma, negative lymph node,
and prolonged metastasis-free survival (14). In contrast,
specific knock down of LF-PRLR in mice model resulted
in inhibition of lung metastasis. Furthermore, in vitro
knock down of the LF-PRLR inhibited colony formation

© Gland Surgery. All rights reserved.

131

and induced apoptosis of the tumor cells. This evidence
indicated the role of LF-PRLR in promoting breast cancer
metastasis (15).

Since the role of LF-PRLR in breast cancer biology
is relatively unknown, the objective of this study is to
explore the associations between all-PRLR and LF-
PRLR with clinicopathological parameters and survival
outcome in different subtypes of breast cancers. We present
the following article in accordance with the REMARK
reporting checklist (available at http://dx.doi.org/10.21037/
gs-20-569).

Methods
Patients

Breast cancer patients were retrospectively recruited from
the Division of Head Neck and Breast Surgery, Department
of Surgery, Faculty of Medicine, Siriraj Hospital, Mahidol
University, Thailand from January 2009 to December
2015. The last follow-up date was December, 31, 2019.
The median follow-up time was 65.2 (6 to 158) months.
The inclusion criteria are female patients with invasive
ductal carcinoma, stage I-III, and age at diagnosis at
18 years old or older. All patients received standard
treatment according to National Comprehensive Cancer
Network guideline for treatment of breast cancer (the
most recent version at the time that the patients received
treatment). The exclusion criteria are presence of other
primary cancer and received incomplete treatment. The
data of the patients was retrieved by medical record
review. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the institutional review board of Faculty of
Medicine Siriraj Hospital, Mahidol University (COA. No.
Si177/2016). No informed consent was obtained from the
patients due to a retrospective recruitment of repository
formalin-fixed paraffin-embedded tissue. The total number
of the patients recruited in this study was 340.

Tissue microarray (TMA)

Formalin-fixed paraffin-embedded breast cancer tissues in
excess of standard pathological examination were stored
at 25 °C. TMAs were constructed manually. The TMAs
were constructed by 2-mm core and composed of 3 cores
per patient. The area of invasive ductal carcinoma was
selected according to H&E stained slide. The cancerous
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area without necrosis was selected for each core, punched
by 2-mm punch needle, and then placed into the recipient
mold. The mold was melted at 60 °C for 6 minutes and re-
embedded with new paraffin. T47D breast cancer cell line
that expresses high levels of PRLR was used as the positive
control for all-PRLR and LF-PRLR antibodies. The cells
were collected by standard trypsinization method and
centrifuged at 2,000 rpm for 5 minutes. Supernatant was
removed and the cells were fixed by addition of neutral
buffered formalin for 60 minutes. The cell button was then
embedded in paraffin by standard protocol.

Immunobistochemical staining

The TMA sections were baked overnight at 60 °C
followed by deparaffinization and rehydration. Antigen
retrieval was performed by digestion with Proteinase K
(Agilent Technologies, CA, USA) for 10 minutes at room
temperature. Non-specific antigens were blocked by 3%
hydrogen peroxide for 10 minutes. The sections were
incubated with two different primary PRLR antibodies.
B6.2 monoclonal antibody (Thermo Fisher Scientific,
MA, USA, dilution 1:100, 32 minutes) that specific for
ECD of PRLR binds to all-PRLR while H-300 polyclonal
antibody (Santa Cruz Biotechnology, TX, USA, dilution
1:150, 60 minutes) that specific for ICD of PRLR binds to
LF-PRLR. Then, the sections were incubated with HRP-
conjugated secondary antibody (Ventana Medical Systems,
AZ, USA) for 60 minutes and was visualized by ultraVIEW
Universal DAB Detection Kit™ (Ventana Medical Systems,
AZ, USA). The sections were then counterstained with
hematoxylin for 10 seconds.

Immunobistochemical scoring

The staining intensity of all-PRLR and LF-PRLR was
classified as negative, weak, moderate, and strong. The
expressions of all-PRLR and LF-PRLR were scored
according to the percentage of positive staining cell
exclusively. Negative expression was defined as absence
or presence of less than 10% of cancer cell staining. Low
expression was defined as 10% to <50% of cancer cell
staining. High expression was defined as >50% of cancer
cell staining. The sections were evaluated independently
by two experienced pathologists who were blinded to the
patients’ data. The average percentage of 3 cores and the
strongest intensity of cancer cell staining were used as
representative of each case.
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Statistical analysis

The sample size was calculated using the formula for
case-control study (16). The parameters included in the
formula were: proportion of exposure in case group =0.15;
proportion of exposure in control group =0.31; ratio =1;
alpha =0.05, and beta =0.2, according to the results by
Hachim ez al. (14). The calculated sample size was 108 for
each group (total =216). Chi-Square statistic was used to
determine the associations between categorical variables.
Odds ratio (OR) and 95% confidence interval (CI) were
calculated by binary logistic regression. Disease-free
survival (DFS) and overall survival (OS) were determined
by Kaplan-Meier method. DFS was the time from date of
surgery to time of event occurred (recurrent, metastasis,
breast cancer related death). OS was the time from date
of surgery to the time of death of any cause. Log-rank test
was used to evaluate the significant difference of DFS and
OS among different parameters. Multivariate analysis was
analyzed by Cox regression. All of the statistical analysis was
performed by SPSS statistics version 21 (IBM Corp., NY,
USA). The statistically significant level was defined as P
value <0.05.

Results
Characteristics of breast cancer patients

A total of 340 patients with invasive ductal carcinoma
were included in this study. The mean age at diagnosis
was 54.3+10.8 years. Half of the patients had stage II
breast cancer. Luminal B human epidermal growth
factor receptor-2 (HER2) negative is the most common
subtype accounting for 47.6%. Table 1 summarized the
clinicopathological parameters of the patients.

Immunobhistochemical staining of all-PRLR and LF-PRLR
in breast cancer tissues

Representative immunohistochemical staining of all-
PRLR and LF-PRLR was showed in Figures 1,2. Both all-
PRLR and LF-PRLR staining showed membranous and/
or granular cytoplasmic staining in cancer cells. Positive
all-PRLR staining can be classified as weak, moderate, and
strong intensity, whereas there was no LF-PRLR strong
intensity staining identified in the recruited patients. The
majority of the patients had positive all-PRLR expression
(86.2%). According to the classification by percentage of
stained cells, 47 (13.8%), 56 (16.5%), and 237 (69.7%)
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Table 1 Clinicopathological parameters of breast cancer patients

Characteristic

Breast cancer patients
(n=340), n (%)

Age at diagnosis, years, mean + SD

<50
>50
Tumor size, cm
<2
>2 to <5
>5
Nodal staging
pNO
pN1
pN2
pN3
Pathological staging
|
Il
11l
Histological grading
Well differentiated
Moderately differentiated
Poorly differentiated
Lymphovascular invasion
Absence
Presence
ER
Negative
Positive
PR
Negative
Positive
HER2
Negative
Positive
Subtypes

Luminal A

54.3+10.8
113 (33.2)
227 (66.8)

121 (35.6)
199 (58.5)
20 (5.9)

158 (46.5)
92 (27.1)
54 (15.9)
36 (10.6)

75 (22.1)
170 (50.0)
95 (27.9)

20 (5.9)
178 (52.4)

142 (41.8)

233 (68.5)
107 (31.5)

105 (30.9)
235 (69.1)

127 (37.4)
213 (62.6)

241 (70.9)
99 (29.1)

27 (7.9)

Table 1 (continued)
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Table 1 (continued)

Breast cancer patients

Characteristic (n=340), n (%)
Luminal B HER2 negative 162 (47.6)
Luminal B HER2 positive 47 (13.8)
HER2 overexpression 52 (15.3)
Triple negative 52 (15.3)

SD, standard deviation; ER, estrogen receptor; PR, progesterone
receptor; HER2, human epidermal growth factor receptor-2.

patients had negative, low, and high all-PRLR expression,
respectively. In contrast, 54.4% of the patients had positive
LF-PRLR expression. The numbers of patients with
negative, low and high LF-PRLR expression were 155
(45.6%), 75 (22.1%), and 110 (32.4%), respectively.

The association between all-PRLR /LF-PRLR expression
and clinicopathological parameters

All-PRLR was frequently co-expressed with estrogen
receptor (ER) and progesterone receptor (PR) (P<0.001).
High all-PRLR expression was inversely associated with
poorly differentiated carcinoma (OR: 0.402, 95% CI: 0.250-
0.645). In addition, there was a trend toward presence of
lymphovascular invasion and presence of axillary nodal
metastasis in the patients with positive all-PRLR, however,
this was not significant. LF-PRLR was also frequently co-
expressed with ER and PR. The expression of LF-PRLR
was associated with poorly differentiated carcinoma (OR:
1.784, 95% CI: 1.149-2.770) and HER2-overexpressed
breast cancer (OR: 2.644, 95% CI: 1.602-4.366). The
distribution of all-PRLR and LF-PRLR expressions among
different clinicopathological parameters were summarized

in Table 2.

Survival analysis

A total of 335 patients with complete follow-up data
were included in the survival analysis. During follow-up
period, there were 17 locoregional recurrence, 44 distant
metastasis, and 32 death. Survival analysis by log-rank test
showed that the patients with tumor size larger than 2 cm,
lymphovascular invasion, axillary nodal metastasis, and stage
IIT had significantly lower DFS. The patients with tumor
size larger than 2 c¢m, lymphovascular invasion, axillary
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Magpnification: 10|

Magpnification: 10|

Magnification: 10x

Figure 1 Representative immunohistochemical staining of all-PRLR using B6.2 antibody. (A) 100% strong cytoplasmic staining in positive

control T47D cells, (B) 30% weak staining in breast cancer tissue, (C) 100% moderate staining in breast cancer tissue, (D) 100% strong

staining in breast cancer tissue, and (E) negative staining in breast cancer tissue. All-PRLR, all prolactin receptor isoforms.

nodal metastasis, stage III, negative ER, negative PR, and
positive HER2 status had significantly lower OS. The
expressions of all-PRLR and LF-PRLR were not associated
with DFS or OS (Table 3).

Subgroup analysis in node-negative patients with high
expression of all-PRLR showed that the one with expression
of LF-PRLR had significant lower DFS and OS (P=0.040
and 0.043, respectively) (Table 4). Figures 3,4 demonstrated
the Kaplan-Meier curves of DFS and OS in this subgroup
of patients comparing between different LF-PRLR status.
Multivariate analysis by Cox regression using the factors
that had P value <0.2 by log-rank test showed that LF-
PRLR expression was the independent predictor for lower
DES (Table 5). However, there was no significant difference
in OS between different LF-PRLR status on multivariate
analysis (data not shown).

Discussion

Several studies of association between PRLR and
clinicopathological outcomes of breast cancer have been
limited due to different methods of detection and lack
of standard scoring system. Therefore, we set out to
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determine the differential expression of PRLR isoforms,
LF-PRLR, in particular, and the association with breast
cancer aggressiveness. We performed immunohistochemical
staining using two primary antibodies to detect different
isoforms of PRLR that stimulate particular downstream
signaling pathways.

All-PRLR expression was found in the majority of
breast cancer according to previous study (11,13). Several
immunohistochemical studies of PRLR in normal, benign,
and cancerous breast tissue revealed different results due
to lack of standard PRLR immunohistochemical staining
protocol and scoring system (11,14). A study by Gill et 4.
using B6.2 antibody that binds ECD of all-PRLR showed
that all-PRLR was expressed in all normal breast tissue
with various intensity, however, the expression was seen
in the luminal borders of the epithelial cells. In invasive
breast carcinoma, all-PRLR expression was seen in more
than two-thirds of the patients and the staining was mostly
cytoplasmic (11).

In the current study, co-expression of ER/PR and
PRLR was observed in accordance with previous reports
(11,17). Increased PRLR expression was also observed in
luminal breast cancer cell lines treated with estrogen (17).
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Figure 2 Representative immunohistochemical staining of LF-PRLR using H-300 antibody. (A) 100% strong cytoplasmic staining in

positive control T47D cells, (B) 20% weak staining in breast cancer tissue, (C) 80% moderate staining in breast cancer tissue, and (D)

negative staining in breast cancer tissue. There was no strong staining identified in breast cancer tissue. LF-PRLR, long-form prolactin

receptor.

PRL induces expression of PRLR via the recruitment of
ER and STATS onto the promoter of PRLR (18). We
also found that all-PRLR expression was associated with
well/moderately differentiated tumor. The finding was
concordant with a study by Faupel-Badger ez 4/, that used
antibody specific for ECD of all-PRLR. They found that
negative or low all-PRLR expression was associated with
larger tumor size and poorly differentiated tumor (13). In
contrast, LF-PRLR expression was associated with poorly
differentiated carcinoma and HER2 overexpression. This
finding was discordant with the study by Hachim ez /. that
used H-300 antibody which is specific for LE-PRLR. They
found that the expression of LF-PRLR is downregulated in
invasive breast cancer and the expression was associated with
favorable clinicopathological parameters (14). However, the
staining was performed in a commercially purchased TMA
that incorporated a small number of patients (84 invasive
carcinomas).

The association between LF-PRLR and lower DFS
can be demonstrated in a subgroup of node-negative

© Gland Surgery. All rights reserved.

breast cancer patients with high all-PRLR expression.
The significance of LF-PRLR expression cannot be
demonstrated regardless of axillary nodal status. This
finding might be due to the impact of axillary nodal
involvement on breast cancer survival (19).

LF-PRLR exerts signaling capacities via intra-cellular
domain that acts as signaling unit of the receptor and
contains Box 1 and 2 motifs (20). Box 1 region mediates
binding to tyrosine kinase and Janus kinase (JAK2) (21).
The distal residue is crucial for STATS binding and
activation (22). LF-PRLR promotes cell proliferation,
differentiation, and cell survival in breast cancer.
Homodimerization of LF-PRLR activates phosphorylation
of JAK2 and STATS and subsequently transcription
of target genes while heterodimerization of LF-PRLR
and SF-PRLR or homodimerization of SF-PRLR
activates phosphorylation of JAK2 but did not lead to the
transcription (23). Neutralization of PRLR by monoclonal
antibody resulted in reduction of phosphorylation of
STATS, AKT, and ERK. In addition, this neutralizing
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Table 2 Distribution of the patients with different all-PRLR and LF-PRLR expression

All-PRLR, n (%) LF-PRLR, n (%)
e orension | Hshespression  Puae (SRS BRIEL Puale
Age at diagnosis, years 0.148 0.134
<50 40 (38.8) 73 (30.8) 58 (37.4) 55 (29.7)
>50 63 (61.2) 164 (69.2) 97 (62.6) 130 (70.3)
Tumor size, mm 0.513 0.271
<20 34 (33.0) 87 (36.7) 60 (38.7) 61 (33.0)
>20 69 (67.0) 150 (63.3) 95 (61.3) 124 (67.0)
Histological grading <0.001 0.010
171 44 (42.7) 154 (65.0) 102 (65.8) 96 (51.9)
1] 59 (57.3) 83 (35.0) 53 (34.2) 89 (48.1)
Lymphovascular invasion 0.060 0.855
Absence 78 (75.7) 155 (65.4) 107 (69.0) 126 (68.1)
Presence 25 (24.3) 82 (34.6) 48 (31.0) 59 (31.9)
Axillary nodal metastasis 0.091 0.658
Absence 55 (53.4) 103 (43.5) 70 (45.2) 88 (47.6)
Presence 48 (46.6) 134 (56.5) 85 (46.7) 97 (52.4)
Staging 0.209 0.296
17N 79 (76.7) 166 (70.0) 116 (74.8) 129 (69.7)
11l 24 (23.3) 71 (30.0) 39 (25.2) 56 (30.3)
ER <0.001 0.002
Negative 56 (54.4) 49 (20.7) 35 (22.6) 70 (37.8)
Positive 47 (45.6) 188 (79.3) 120 (77.4) 115 (62.2)
PR <0.001 <0.001
Negative 62 (60.2) 65 (27.4) 42 (27.1) 85 (45.9)
Positive 41 (39.8) 172 (72.6) 113 (72.9) 100 (54.1)
HER2 0.120 <0.001
Negative 79 (76.7) 162 (68.4) 126 (81.3) 115 (62.2)
Positive 24 (23.3) 75 (31.6) 29 (18.7) 70 (37.8)
Subtype <0.001 <0.001
Luminal A and B HER2 negative 38 (36.9) 151 (63.7) 103 (66.5) 86 (46.5)
Luminal B HER2 positive 10 (9.7) 37 (15.6) 18 (11.6) 29 (15.7)
HER2 overexpression 14 (13.6) 38 (16.0) 11(7.1) 41 (22.2)
Triple negative 41 (39.8) 11 (4.6) 23 (14.8) 29 (15.7)

All-PRLR, all prolactin receptor isoforms; LF-PRLR, long-form prolactin receptor; ER, estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor-2.
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Table 3 DFS and OS by clinicopathological parameters and expressions of all-PRLR and LF-PRLR

DFS (O]
Characteristics Cases, n
Events, n  5-year survival, % P value Events,n  5-year survival, % P value
Age at diagnosis, years 0.925 0.612
<50 109 20 81.5 9 92.8
>50 226 43 82.5 23 90.4
Tumor size, mm 0.002 0.004
<20 121 12 90.4 4 96.6
>20 214 51 77.5 28 88.1
Histological grading 0.456 0.291
171 196 35 84.2 16 93.5
1 139 28 79.2 16 87.9
Lymphovascular invasion 0.001 0.013
Absence 229 32 86.8 16 93.4
Presence 106 31 72.0 16 86.4
Axillary nodal metastasis <0.001 0.001
Absence 157 14 92.0 6 95.8
Presence 178 49 735 26 87.1
Staging <0.001 <0.001
171 243 28 88.8 11 95.5
1l 92 35 64.6 21 79.8
ER 0.820 0.014
Negative 102 19 81.2 16 83.8
Positive 233 44 82.5 16 94.5
PR 0.302 0.005
Negative 124 26 80.5 19 84.1
Positive 211 37 83.2 13 95.4
HER2 0.317 0.028
Negative 239 43 83.8 18 93.8
Positive 96 20 78.0 14 84.7
All-PRLR 0.179 0.480
Negative/low expression 101 14 86.1 8 92.9
High expression 234 49 80.4 24 90.4
LF-PRLR 0.717 0.954
Negative expression 152 28 83.0 15 92.0
Low/high expression 183 35 81.5 17 90.4

DFS, disease-free survival; OS, overall survival; all-PRLR, all prolactin receptor isoforms; LF-PRLR, long-form prolactin receptor; ER,
estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2.
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Table 4 Subgroup analysis in node-negative patients with high all-PRLR expression (>50%)

DFS (O]
Characteristics Cases, n
Events, n 5-year survival, % P value Events,n  5-year survival, % P value
Age at diagnosis, years 0.164 0.050
<50 31 5 0.831 3 0.891
>50 72 5 0.953 1 0.981
Tumor size, mm 0.176 0.305
<20 51 3 0.934 1 0.980
>20 52 7 0.900 3 0.927
Histological grading 0.858 0.890
171 72 7 0.926 3 0.954
1] 31 3 0.893 1 0.952
Lymphovascular invasion 0.621 0.418
Absence 88 9 0.903 4 0.947
Presence 15 1 1.000 0 1.000
ER 0.576 0.226
Negative 26 3 0.877 2 0.908
Positive 77 7 0.930 2 0.969
PR 0.491 0.432
Negative 34 4 0.906 2 0.930
Positive 69 6 0.922 2 0.966
HER2 0.656 0.924
Negative 73 8 0.913 3 0.951
Positive 30 2 0.923 1 0.967
LF-PRLR 0.040 0.043
Negative expression 49 2 0.979 0 1.000
Low/high expression 54 8 0.854 4 0.909

All-PRLR, all prolactin receptor isoforms; DFS, disease-free survival; OS, overall survival; ER, estrogen receptor; PR, progesterone
receptor; HER2, human epidermal growth factor receptor-2; LF-PRLR, long-form prolactin receptor.

antibody inhibited tumor growth in mice model (24).
Evaluation of different PRLR isoforms might be beneficial
for selection of the patients who will receive neutralizing
monoclonal antibody.

In the current study, 70% of the patients with HER2
overexpression had LF-PRLR expression. To the best
of our knowledge, this is the first report that found the
co-expression of LF-PRLR and HER2. The possible
mechanism might be explained by the transactivation
between PRL/PRLR and HER2 signaling. Autocrine
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secretion of PRL can constitutively stimulate MAPK in
breast cancer cells overexpressing HER2 via activation of
JAK? kinase and blockade of PRL/PRLR signaling reduced
the levels of tyrosine phosphorylation of HER2 (25).
Combination of trastuzumab and PRLR agonist showed
additive inhibitory effect on MAPK phosphorylation and
inhibition of cell proliferation (26). Combined blockade of
PRL/PRLR and HER?2 signaling might be an alternative
modality for this group of patients who had anti-HER?2

resistance.
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Figure 3 DFS in node-negative patients with high expression of all-PRLR according to LF-PRLR expression status. Blue line indicated
negative LF-PRLR (<10% staining). Green line indicated positive LF-PRLR (>10% staining). DFS, disease-free survival; all-PRLR, all

prolactin receptor isoforms; LF-PRLR, long-form prolactin receptor.
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Figure 4 OS in node-negative patients with high expression of all-PRLR according to LF-PRLR expression status. Blue line indicated
negative LF-PRLR (<10% staining). Green line indicated positive LF-PRLR (>10% staining). OS, overall survival; all-PRLR, all prolactin

receptor isoforms; LF-PRLR, long-form prolactin receptor.

When compared to other breast cancer subtypes, PRLR
expression was downregulated in triple-negative breast
cancer. This finding was in accordance with previous
study by Lépez-Ozuna ez al. that reported downregulation
of PRLR in triple-negative breast cancer (27). PRL/

© Gland Surgery. All rights reserved.

PRLR signaling pathway was associated with favorable
survival outcome in triple-negative breast cancer (27,28).
Restoration of PRL/PRLR signaling pathway in triple-
negative breast cancer cell line can reduce cell viability
and aggressiveness of the cancer cells (27). However, there
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Table 5 Multivariate analysis of DFS by Cox regression in subgroup of the patients with node-negative and high all-PRLR expression

95% ClI
Parameters HR P value
Lower Upper
Age =50 years 0.428 0.122 1.499 0.185
Tumor size >2 cm 2.676 0.680 10.535 0.159
LF-PRLR expression 5.224 1.089 25.064 0.039

DFS, disease-free survival; all-PRLR, all prolactin receptor isoforms; HR, hazard ratio; Cl, confidence interval; LF-PRLR, long-form

prolactin receptor.

was no association between PRLR expression in triple-
negative subtype and clinicopathological outcomes in our
current study due to small number of triple-negative breast
cancer patients. Moreover, targeting PRL/PRLR pathway
for breast cancer treatment might be benefit in a small
proportion of triple-negative breast cancer patients due to
low expression of PRLR in this subtype.

Limitations of this study include the recruitment of
heterogeneous breast cancer population that results in
unequal distribution of breast cancer in particular subtypes.
Further study that determine the significance of LF-PRLR
in HER2-overexpressed breast cancer might lead to the
novel combined targeted therapy for HER2-overexpressed
breast cancer patients.

Conclusions

We demonstrated in a single institution breast cancer
cohort that expression of all-PRLR and LF-PRLR in early
breast cancer was associated with unfavorable survival. LF-
PRLR expression was associated with poorly differentiated
and HER2 overexpression breast cancer. LF-PRLR was
the independent predictive factor for lower DFS in node-
negative breast cancer patients. We proposed that LF-
PRLR may be used as a potential target for breast cancer
treatment.
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