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Background: Prolactin (PRL) is a polypeptide hormone secreted by the anterior pituitary to stimulate 
growth and differentiation of the normal mammary gland. Together with its receptor, prolactin receptor 
(PRLR) have been shown to play a role in breast cancer. This study aimed to examine the roles of PRL and 
PRLR polymorphisms and expression in breast cancer risk and aggressiveness in Thai patients. 
Methods: PRL (rs3756824 C/G and rs2244502 T/A) and PRLR (rs37364 G/T and rs249537 A/
G) polymorphisms were genotyped by real-time PCR and PRLR expression was assessed by 
immunohistochemistry (IHC) in breast cancer tissues. The correlations between PRL and PRLR 
polymorphisms and breast cancer susceptibility/aggressiveness as well as the associations between PRLR 
expression and clinicopathological parameters were determined. 
Results: Two hundred and twenty-seven breast cancer patients and 119 matched controls were recruited 
at the Division of Head Neck and Breast Surgery, Department of Surgery, Faculty of Medicine, Siriraj 
Hospital, Thailand from 2010–2014. PRL and PRLR polymorphisms were not correlated with breast cancer 
susceptibility and there was no association between PRLR polymorphisms and PRLR expression. PRLR was 
frequently overexpressed in breast cancer with positive hormone receptors. High expression of PRLR was 
significantly related to the presence of axillary nodal metastasis and lymphovascular invasion and showed a 
trend towards poorer outcome. 
Conclusions: There was a correlation between high PRLR expression and aggressive features of breast 
cancer. PRLR expression might be utilized as a prognostic factor for identification of luminal breast cancer 
with poorer outcome.
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Introduction

Breast cancer is the most common cancer among women 
worldwide (1) and its incidence has been increasing 
in Thailand over the past decade (2). Diversity and 
heterogeneity of the disease result in varied aggressiveness 
and treatment outcomes. Despite advances in multi-
modality treatments, a number of patients still have disease 
recurrence leading to mortality (3).

Prolactin (PRL) is a polypeptide hormone composed 
of 199 amino acids (4). It resembles growth hormone and 
is generated by lactotropic cells in anterior pituitary. PRL 
is located on chromosome 6 and consists of 5 exons and 4 
introns. PRL has a direct effect on breast tissue by activation 
of mammary epithelial proliferation and differentiation as 
well as stimulation of lactation (4). Evidences suggested 
the role of PRL in breast cancer such as high levels of 
serum PRL were related with risk of breast cancer in post-
menopausal women (5). In addition, PRL is involved in 
breast cancer since it promotes proliferation, survival, 
migration, and angiogenesis in breast cancer cells (6). The 
effects of PRL are mediated by PRL receptor (PRLR), the 
member of cytokine receptor superfamily class I (4), that 
transduces the signal from cell membrane into nucleus of 
the cell (7). PRLR is located on chromosome 5 and consists 
of 10 exons and 9 introns (4). 

Several genetic polymorphisms in PRL/PRLR have 
been studied in various ethnic population for breast cancer 
susceptibility and aggressiveness (8-10). For example, PRL 
rs3756824 and rs2244502 polymorphisms were associated 
with different plasma PRL levels in a multiethnic cohort (8).  
Furthermore, PRL rs3756824 was correlated with breast 
cancer metastasis in Taiwanese population (9). PRLR 
rs37364 and rs249537 were correlated with breast cancer 
risk in Polish women (11). However, some studies reported 
no association between genetic polymorphisms with 
breast cancer risk and aggressiveness (8,10). Previous 
studies suggested that PRL/PRLR pathway might involve 
in biology of breast cancer. (5,6), however, evaluation 
of PRLR expression in breast cancer tissues showed the 
association between negative or low expression with 
poorly differentiated, larger tumor, and node positive 
(12,13). While some studies reported mutation in PRLR 
in a small number of patients (14) or in the patients with 
multiple fibroadenoma (15). Thus, the role of PRL/PRLR 
polymorphisms and expression in aggressiveness and 
outcome in breast cancer remained relatively unknown.

PRL (rs2244502 and rs3756824) and PRLR (rs249537 

and rs37364) polymorphisms were the most frequent 
study polymorphisms that showed contradictory results 
among different ethnic. In this study, we aimed to find the 
association between the selected candidate polymorphisms 
of PRL (rs2244502 and rs3756824) and PRLR (rs249537 
and rs37364) with the expression levels of PRLR in breast 
cancer tissues and their role in breast cancer susceptibility 
and aggressiveness in Thai breast cancer cohort. We 
hypothesized that PRL and PRLR polymorphisms and 
PRLR expression levels might be used as additional 
prognostic markers for breast cancer.

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1120).

Methods

Patients 

The population in this study was retrospectively recruited 
from the Division of Head Neck and Breast Surgery, 
Department of Surgery, Faculty of Medicine Siriraj 
Hospital from January 2010- December 2014. All patients 
with pathological diagnosis of invasive breast carcinoma 
with no prior treatment were asked to participate in a 
prospective manner. Patients with breast cancer stage I–III 
and age 20 years or older were included in the case group 
while patients with histories of other cancer were excluded. 
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). Control subjects 
were gathered from healthy individuals and patients who 
had benign breast conditions with no previous diagnosis of 
any cancer and frequency matched to the breast carcinoma 
cases on age (±5 years) and other risk factors. The study 
was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Institutional Review Board of the Faculty of Medicine, 
Siriraj Hospital, Mahidol University, Bangkok, Thailand 
(Certification number Si327/2014) and informed consent 
was taken from all the patients.

Genotyping of PRL and PRLR polymorphisms

Five milliliters (ml) of venous blood were collected into 
ethylenediaminetetraacetic acid (EDTA) containing tubes. 
Genomic deoxyribonucleic acid (DNA) was extracted 
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from the whole blood using QIAamp DNA Blood Mini kit 
(QIAGEN, Valencia, CA) according to the manufacturer’s 
protocol. PRL and PRLR polymorphisms were genotyped 
by real-time polymerase chain reaction (PCR) using 
Taqman® SNP Genotyping Assay (Applied Biosystems, 
USA) according to the manufacture’s protocol. All PCR 
reactions contained 10 ng of DNA and the PCR reaction 
was carried out in a 20 microliters (µL) reaction containing 
10 µL of 2XTaqMan Genotyping Master mix 0.5 µL of 
40XTaqMan Genotyping Assay, 7.5 µL of distilled water 
and 2 µL of genomic DNA. After that, Real-time PCR was 
performed on an ABI 7500 Fast Real-Time PCR Machine 
(Applied Biosystems, Massachusetts, USA) under the 
following conditions: a single activation cycle of 95 ℃ for 
10 minutes, followed by 40 cycles of amplification (92 ℃ 
for 10 seconds and 60 ℃ for 1 minutes). For each cycle, the 
software evaluated the fluorescent signal from the VIC®- or 
FAM®-labeled probe (Applied Biosystems, USA). Finally, 
direct sequencing of representative samples was conducted 
to validate the genotyping method.

Evaluation of PRLR expression in breast cancer tissues 

Expression levels of PRLR in breast cancer tissues were 
assessed by immunohistochemistry. Formalin-fixed, 
paraffin-embedded breast cancer tissues in excess of 
standard pathological examination were stored at 25 ℃. 
Paraffin-embedded tissues section from each specimen 
was stained with monoclonal mouse antibody to human 
PRLR clone B6.2 (Ab-1, Thermo Scientific, Rockford, IL, 
USA). First, 3 micron-thick sections were baked at 56 ℃ 
overnight, then stained by an automated staining system 
(BenchMark™, Ventana Medical system, SA, Illkirch, 
CEDEX, France). Slides were warmed at 75°C, incubated 
for 4 minutes, deparaffinized and then rehydrated. Then, 
the sections were incubated in 3% Hydrogen peroxide 
(H2O2) for 4 minutes and then rinsed with Tris based 
buffer solution (pH 7.6±0.2) in order to block endogenous 
peroxidase activity. This solution was also utilized to 
rinse slides during staining steps and provide a stable 
aqueous environment (10×; Catalog Number 950-300, 
Ventana). Tissues digestion was performed using Protease 2  
(2.5 units; Catalog Number 760-2019, Ventana) for 
8 minutes, and then rinsed with reaction buffer. The 
sections were stained with mouse anti-human PRLR 
antibody (dilution 1:100, incubation time 32 min at room 
temperature). After incubation, the sections were rinsed 
twice with reaction buffer, incubated with horseradish 

peroxidase (HRP)-conjugated secondary antibody 
(Ventana) for 8 min. The reaction was visualized by using 
the ultraVIEW Universal 3,3'-Diaminobenzidine (DAB) 
Detection KitTM (Catalog Number 760-500; Ventana 
Medical system, SA, Illkirch, CEDEX, France) for  
8 minutes. The sections were then counterstained with 
hematoxylin for 12 minutes and further dehydrated in 
alcohol series. Finally, the sections were cleared in xylene, 
mounted and covered with a coverslip. Measurement of 
PRLR expressions were performed under light microscope 
and scanned by Olympus DP70 scanner. The slides were 
evaluated by pathologist who had no knowledge of the 
patients’ characteristics and/or clinical outcome. PRLR 
expression was scored as percentage of stained cells. The 
patients with PRLR expression ≤50% were classified as 
low PRLR expression whereas the patients with PRLR 
expression >50% were classified as high PRLR expression. 
T47D breast cancer cell line was used as a positive control 
and adjacent normal tissue was used as a negative control.

Statistical analysis

The sample size was calculated using standard formula 
for two independent proportions. The parameters in the 
formula were the proportion of PRLR polymorphisms 
in cancer group and control group (0.522 and 0.364, 
respectively) (9); significant level at 0.05; and power of 
the test at 80%. The ratio of sample in cancer and control 
group was 2. The number of sample size was 232 for cancer 
group and 116 for control group.

All analyzes were completed with IBM SPSS version 18 
(SPSS Inc., Chicago, USA). The correlations between PRL 
and PRLR genotypes, PRLR staining and clinicopathological 
parameters were evaluated by the Fisher’s exact test or Chi-
square test. Odds Ratio (OR) and 95% confidence interval 
(CI) was obtained from unconditional logistic regression. 
For survival analysis, disease-free survival (DFS) analysis 
time was the time from the date of surgery until patients 
got cancer recurrent/metastasis or breast cancer related 
death, censoring at the date of last contact or non-cancer 
death. Overall survival (OS) time was the date of diagnosis 
to the date of death from any cause, censoring on the date 
of last contact. The end of follow-up period was December, 
31, 2018. Median follow-up time was 72 months (4– 
103 months). The survival analysis was conducted by 
Kaplan-Meier method. Cox proportional hazard regression 
model was used in multivariate survival analysis. Statistical 
significance between survival curves was assessed using the 
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log-rank test. All statistical tests were two-sided. P-value of 
less than 0.05 was considered as statistically significant.

Results

Distribution of PRL and PRLR genotypes

A total of 227 breast cancer patients and 119 matched 
controls were enrolled in this study. There was no 
difference in the distribution of PRL and PRLR genotypes 
among breast cancer patients and control subjects. The 
available genotyping results were analyzed and summarized 
in Table 1.

Associations between PRL and PRLR genotypes and 
clinicopathological parameters 

T h e  s u m m a r y  i n  Ta b l e  2  s h o w e d  t h e  k n o w n 
clinicopathological parameters and demographic factors 
of breast cancer patients. The majority of tumors, 212 out 
of 227 patients, were invasive ductal carcinoma while 12 
patients had invasive lobular carcinoma and the minority 
types were mucinous carcinoma and papillary carcinoma. 
Additionally, most of the patients had stage II breast 

cancer and all of them received surgery whilst radiotherapy 
was performed to the patients with invasive carcinoma 
who undergone wide local excision. In comparison to CC 
genotype, PRL rs3756824 CG genotype was associated 
with positive progesterone receptor expression and 
negative human epidermal growth factor receptor-2 
(HER2) expression (OR =2.26, 95% CI: 1.15–4.44, 
P=0.016, and OR =0.051, 95% CI: 0.26–1.00, P=0.048, 
respectively).

PRLR protein expression in breast cancer tissue

IHC was conducted in 105 breast cancer patients who had 
available archival tissues. Representative IHC staining 
of breast cancer tissue was illustrated in Figure 1. PRLR 
staining was positive in most of the patients (94.29%). The 
patients with weak, moderate, and strong staining were 
26 (24.76%), 36 (34.29%), and 37 (35.24%), respectively. 
The patients were classified into low (34 patients) and high 
(71 patients) PRLR expression using cut off at 50% cell 
staining.

When compare the levels of PRLR expression in 
the patients with different PRL and PRLR genotypes, 
i t  showed no association between  PRL  and PRLR 
genotypes with the levels of PRLR protein expression. 
Moreover, the distributions of patients in each group and 
clinicopathological parameters were summarized in Table 3.  
High PRLR expression was correlated with presence 
of axillary nodal metastasis, lymphovascular invasion, 
positive ER and positive PR expression (OR =2.86, 95% 
CI: 1.21–6.75; OR =5.51, 95% CI: 1.74–17.43; OR =3.76, 
95% CI: 1.39–10.13; and OR =4.37, 95% CI: 1.75–10.92, 
respectively).

Survival analysis

Median follow-up time was 72 months (4–103 months) and 
there were 10 locoregional recurrence, 31 metastasis, and 15 
deaths occurred during follow-up period. The patients with 
PRLR rs249537 AA had significantly poorer overall survival 
than other genotypes (P=0.012). Survival curves by Kaplan-
Meier method showed that the patients with high PRLR 
expression tended to have lower overall survival (Figure 2). 
However, multivariate analysis revealed that PRLR rs249537 
polymorphisms were not an independent predictor for OS 
(hazard ratio 1.790, 95% confident interval 0.643–4.987, 
P=0.265) (Table 4).

Table 1 Distribution of PRL and PRLR genotypes among breast 
cancer patients and control subjects

Genotypes
Cases* Controls*

P-value
n (%) n (%)

PRL 
(rs3756824)

CC 122 (53.7) 59 (49.6) 0.732

CG 93 (41.0) 54 (45.4)

GG 12 (5.3) 6 (5.0)

PRL 
(rs2244502)

TT 93 (41.5) 54 (45.4) 0.739

TA 106 (47.3) 54 (45.4)

AA 25 (11.2) 11 (9.2)

PRLR 
(rs249537)

GG 147 (64.8) 83 (69.7) 0.462

AG 73 (32.2) 31 (26.1)

AA 7 (3.1) 5 (4.2)

PRLR 
(rs37364)

TT 124 (54.6) 75 (63.0) 0.225

GT 91 (40.1) 41 (34.5)

GG 12 (5.3) 3 (2.5)

* The number of successful genotyping results was shown. PRL, 
prolactin; PRLR, prolactin receptor.
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Table 2 Characteristics of breast cancer patients

Characteristics Breast cancer patients, n (%)

Number of patients 227 (100.0)

Age at diagnosis, years

<40 24 (10.6)

40–49 69 (30.4)

50–59 83 (36.6)

≥60 51 (22.5)

Tumor types

Invasive ductal carcinoma 212 (93.4)

Invasive lobular carcinoma 12 (5.3)

Other 3 (1.3)

Histological grading

Well-differentiated 29 (12.8)

Moderately differentiated 134 (59.0)

Poorly differentiated 59 (26.0)

Not available 5 (2.2)

Tumor size, mm

≤20 104 (45.8)

>20–50 104 (45.8)

>50 19 (8.4)

Axillary nodal metastasis

No 120 (52.9)

Yes 107 (47.1)

Staging

I 73 (32.2)

IIA 68 (30.0)

IIB 25 (11.0)

III 61 (26.9)

Lymphovascular invasion

Absent 153 (67.4)

Present 65 (28.6)

Unknown 9 (4.0)

ER

Negative 51 (22.5)

Positive 176 (77.5)

Table 2 (Continued)

Table 2 (Continued)

Characteristics Breast cancer patients, n (%)

PR

Negative 54 (23.8)

Positive 173 (76.2)

HER2

Negative 172 (75.8)

Positive 55 (24.2)

Chemotherapy

Yes 81 (35.7)

No 146 (64.3)

n, number; mm, millimeters; ER, estrogen receptor; PR, 
progesterone receptor; HER2, human epidermal growth factor 
receptor-2.

Discussion

In the present study, the relationships between PRL/
PRLR polymorphisms and breast cancer susceptibility/
aggressiveness and the levels of PRLR expression were 
examined. There was no correlation between selected PRL 
and PRLR genotypes with breast cancer susceptibility. 
PRLR was frequently co-expressed with ER and PR. High 
expression of PRLR was associated with poor prognostic 
factors including presence of axillary nodal metastasis and 
lymphovascular invasion.

The selected polymorphisms of PRL and PRLR in 
this study showed no association with breast cancer 
susceptibility in Thai ethnic populations. Three of these 
polymorphisms are located in the intron (PRL rs2244502, 
PRLR rs249537, and PRLR rs37364) that might not have 
direct effect on level of expression or protein function 
while PRL rs3756824 situated in 5'-untranslated region 
might affect the translation of the protein. PRLR rs37364 
AC and PRLR rs249537 genotype was associated with 
increased risk of breast cancer in Polished women when 
compared to AA genotype (11). However, this correlation 
was not found in multiethnic cohort similar to our study 
in Thai ethnic group (8). Our current study revealed that 
the patients with PRLR rs249537 AA had worst overall 
survival and there were only 7 patients with AA genotype. 
Thus, this finding should be confirmed with a larger 
number of cases with longer follow-up period to include 
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Figure 1 Representative immunohistochemical of PRLR in breast cancer tissue (magnification 100×). (A) 0: Absent cytoplasmic staining; (B) 
1+: Weak cytoplasmic staining; (C) 2+: Moderate cytoplasmic staining; (D) 3+: Strong cytoplasmic staining. (E) Staining of PRLR in T47D 
as positive control. PRLR, prolactin receptor.

B

E

CA

D

higher number of the patients with AA genotype and 
genetic polymorphisms in the intron might be in linkage 
disequilibrium with other functional polymorphisms. 
Analysis of the polymorphisms by direct sequencing 
using next generation sequencing platform followed by 
haplotype analysis might be helpful in exploration of 
functional polymorphisms that affect susceptibility and 
aggressiveness of breast cancer.

Immunohistochemical staining of PRLR showed 
that the staining pattern was concordant with previous  
report (16). In normal breast tissue, PRLR was stained at 
luminal borders of the epithelial cells that line the ducts 
and acini while in malignant cells, staining of PRLR was 
seen in cytoplasm and the expressions were heterogeneous. 
In addition, PRLR was co-expressed with ER and PR (16). 
This finding can be demonstrated by the crosstalk between 
PRL and sex steroid hormone receptors. The expressions 
of PRLR and ER/PR were linearly related. In addition, 
treatment with estrogen and progestin resulted in increased 
PRLR expression in breast cancer cells (17). On the other 
hand, PRL enhanced the transcription of ER through 
Janus kinase 2 (JAK2)-Signal transducer and activator of 
transcription 5 (STAT5) pathway (18). This result may 

suggest that in some luminal breast cancer subtypes with 
high expression of PRLR have poorer prognosis.

Higher PRLR expression was significantly correlated 
w i th  p re sence  o f  a x i l l a ry  noda l  meta s t a s i s  and 
lymphovascular invasion and several lines of evidences 
indicate the role of PRL/PRLR pathway in aggressiveness 
of breast cancer. The activation of JAK-STAT pathway, a 
downstream signaling pathway of PRL-PRLR interaction, 
promotes proliferation and survival of breast cancer cells 
(19,20). PRL signaling in breast cancer cells upregulated 
Proto-oncogene tyrosine-protein kinase (c-Src), an actin 
remodeling regulator resulting in cell migration (21). 
Furthermore, stimulation of PRLR by PRL induced co-
localization of PRLR and Nuclear hormone receptor 
family 1 (NHR1), an important stimulator of cancer cell 
migration and invasion (22). Breast cancer cells treated 
with PRL can induce osteoclast differentiation and 
contribute to the severity of bone metastasis (23). In the 
current study, we used the antibody against extracellular 
domain of PRLR that detect all isoforms of PRLR. In 
contrast, immunohistochemical study using antibody 
against PRLR long form showed downregulation of 
PRLR in invasive breast cancer and high expression of 
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Table 3 Distribution of PRLR expression among different clinicopathological parameters

Parameters
PRLR protein expression

P value
Low, n (%) High, n (%)

Age

≤50 13 (30.2) 30 (69.8) 0.695

>50 21 (33.9) 41 (66.1)

Tumor size, mm

≤20 15 (27.8) 39 (72.2) 0.300

>20 19 (37.3) 32 (62.7)

Axillary nodal metastasis

Absence 23 (43.4) 30 (56.6) 0.015

Presence 11 (21.2) 41 (78.8)

Histological grading

Well differentiated 6 (50.0) 6 (50.0) 0.210

Moderately differentiated 19 (27.5) 50 (72.5)

Poorly differentiated 9 (40.9) 13 (59.1)

Lymphovascular invasion

Absent 27 (41.5) 38 (58.5) 0.002

Present 4 (11.4) 31 (88.6)

ER

Negative 12 (57.1) 9 (42.9) 0.007

Positive 22 (26.2) 62 (73.8)

PR

Negative 16 (57.1) 12 (42.9) 0.001

Positive 18 (23.4) 59 (76.6)

HER2

Negative 28 (33.7) 55 (66.3) 0.565

Positive 6 (27.3) 16 (72.7)

PRLR, prolactin receptor; n, number; mm, millimeters; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth 
factor receptor-2.

long form PRLR was correlated with low-grade tumor 
and node negative (13). Furthermore, the implication of 
PRL autocrine/paracrine activation in breast cancer is 
still debate (24-26). The limitation of this study is there 
was no evaluation of PRL expression in breast cancer 
tissues that support the PRL/PRLR signaling in PRLR 
overexpression breast cancer. Further study regarding 
different PRLR isoforms and PRL expressions should be 
performed.

Conclusions

In conclusion, there was no association between selected 
PRL /PRLR  polymorphisms and breast cancer risk/
aggressiveness in Thai ethnic population. High PRLR 
expression was associated with aggressive features in invasive 
breast cancers. Evaluation of PRLR might be an additional 
biomarker for the identification of luminal breast cancer with 
poorer outcome and a potential suitable target for therapy.
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Table 4 Multivariate analysis of overall survival by Cox regression

Parameters Hazard ratio 95% confidence interval P value

Tumor size >20 mm 0.675 0.229–1.986 0.475

Node positive 1.938 0.540–0.695 0.310

Lymphovascular invasion 1.163 0.350–3.868 0.806

HER2-positive 5.117 1.754–14.933 0.003

PRLR rs249537 G allele Reference

PRLR rs249537 A allele 1.790 0.643–4.987 0.265

mm, millimeters; HER2, human epidermal growth factor receptor-2; PRLR, prolactin receptor. 

Figure 2 The Kaplan-Meier survival curves by PRLR polymorphisms and PRLR expression. (A) The patients with PRLR rs249537 AA 
tended to have lower DFS than other genotypes (P=0.424); (B) The patients with PRLR rs249537 AA had significantly poorer overall 
survival than other genotypes (P=0.012); (C,D) The patients with high PRLR expression tended to have lower DFS and OS (P=0.347 and 
P=0.245, respectively). PRLR, prolactin receptor; DFS, disease-free survival; OS, overall survival.
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