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Purpose
Proline, glutamic acid, and leucine-rich protein 1 (PELP1), a novel nuclear receptor (NR) 
co-regulator, is highly expressed in breast cancer. We investigated its expression in breast
cancer subtypes, in comparison with other breast markers as well as cancers from different
sites. Its prognostic relevance with different subtypes and other NR expression was also 
examined in breast cancers.  

Materials and Methods
Immunohistochemical analysis was performed on totally 1,944 cancers from six different
organs.   

Results
PELP1 expression rate was the highest in breast cancers (70.5%) among different cancers.
Compared to GATA3, mammaglobin and gross cystic disease fluid protein 15, PELP1 was
less sensitive than GATA3 for luminal cancers, but was the most sensitive for non-luminal
cancers. PELP1 has low expression rate (< 20%) in colorectal cancers, gastric cancers and
renal cell carcinomas, but higher in lung cancers (49.1%) and ovarian cancers (42.3%). In
breast cancer, PELP1 expression was an independent adverse prognostic factor for non-
luminal cancers (disease-free survival [DFS]: hazard ratio [HR], 1.403; p=0.012 and breast
cancer specific survival: HR, 1.443; p=0.015). Interestingly, its expression affected the prog-
nostication of androgen receptor (AR). ARposPELP1lo luminal cancer showed the best DFS
(log-rank=8.563, p=0.036) while ARnegPELP1hi non-luminal cancers showed the worst DFS
(log-rank=9.536, p=0.023).    

Conclusion
PELP1 is a sensitive marker for breast cancer, particularly non-luminal cases. However, its
considerable expression in lung and ovarian cancers may limit its utility in differential diag-
nosis in some scenarios. PELP1 expression was associated with poor outcome in non-lumi-
nal cancers and modified the prognostic effects of AR, suggesting the potential significance
of NR co-regulator in prognostication.
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Introduction

Proline, glutamic acid and leucine rich protein 1 (PELP1)
also known as modulator of the non-genomic actions of 
estrogen receptor (ER), is a co-regulator of multiple nuclear
receptors (NR), including ER, progesterone receptor (PR), 

androgen receptor (AR), and glucocorticoid receptors. It con-
tains NR-interacting boxes, histone binding regions and sev-
eral conserved protein-protein interaction motifs. PELP1 can
act as a scaffold to stabilize the NR-coactivator complexes
and modulate their genomic functions [1]. Apart from NR,
its protein-protein interaction motifs enable interactions with
many transcription factors, including E2F and STAT3, in reg-
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ulating gene transcription [2]. It also directly interacts with
phosphoinositide 3-kinase p85 subunit and epidermal
growth factor receptor (EGFR), participating in growth factor
mediated enhancement of ER transactivation [3]. It possesses
oncogenic potential as several of its regulated genes are 
involved in cancer progression and estrogen signaling [4]. 

A higher expression of PELP1 was found in invasive breast
cancer compared to normal breast tissue or ductal carcinoma
in situ [5]. Its over-expression in mouse mammary gland tis-
sue led to early occurrence of duct hyperplasia and precan-
cerous lesions, and promoted the development of breast
cancer [6]. As an ER coregulator, PELP1 regulates estradiol-
mediated effects in breast cancer cells [7]. All these attested
to the potential clinical utility of PELP1 in prognostication of
breast cancer. Few studies examined the clinicopathologic
aspects of PELP1 in breast cancers [8-10]. Cytoplasmic PELP1
expression, using a non-commercial laboratory developed
antibody, was associated with higher tumor grade, Ki67
index and resistance to tamoxifen treatment [8]. Other 
reports using commercially available antibodies showed 
nuclear staining [9-11]. One study demonstrated an inde-
pendent poor prognostic role of PELP1 expression [9] while
a combined analysis of Ki67 and PELP1 was found to be
prognostic in triple negative breast cancers (TNBC) [10]. 

Given its high expression in breast cancers [9], PELP1 pro-
tein may have a diagnostic potential. In TNBC, over 90% 
expression was observed and the immunoreactivity was con-
sistently maintained in paired primary and metastatic TNBC
cases [11]. It also showed a better performance than GATA3
in TNBCs [11]. However, currently little is known about
PELP1 expression in other breast cancer subtypes and its
comparison with other breast cancer markers. Additionally,
aberrant expression of PELP1 in clinical cancers was exam-
ined mainly in hormonal cancers, including endometrial can-
cers [12], ovarian cancers [13], and prostate cancers [14].
PELP1 oncogenic signaling has been implicated in the pro-
gression of some other cancers, such as lung [15] and colon
[16] cancers. To date, only few studies have evaluated the 
expression of PELP1 in these cancers [15].   

To clarify the prognostic and diagnostic roles of PELP1 in
breast cancer, a comprehensive analysis of PELP1 expression
in primary tumor from breast, lung, colorectal, kidney,
ovary, and stomach using tissue microarrays (TMA) and 
immunohistochemistry was performed. In addition, PELP1
was compared to other breast cancer biomarkers in different
breast cancer subtypes. The prognostic impact of PELP1 in
different breast cancer subtypes and interactions with other
NR were also examined. 

Materials and Methods

1. Patients data

Consecutive paraffin embedded samples from breast can-
cer patients over a period of 4 (2002-2005), 7 (2003-2009), and
4 (2003-2006) years were obtained from the three involved
institutions for TMA construction. Archival cohorts of lung
carcinoma, ovary carcinoma, colorectal carcinoma, gastric
carcinoma, and renal cell carcinoma (RCC) were also inclu-
ded. All the specimens were routinely processed and stained
with hematoxylin and eosin (H&E). For breast cancer, the 
diagnosis was confirmed according to World Health Organ-
ization criteria and graded [17,18]. Lymphovascular invasion
(LVI) and fibrotic focus (FF) were evaluated as previously
described [19]. Patients’ age, pN category, pT category, and
outcome data were retrieved from the medical records.
Breast cancer specific survival (BCSS) was defined as the time
interval from the date of initial diagnosis to the date of breast
cancer related death. Disease-free survival (DFS) was defined
as the time interval from the date of initial diagnosis to the
first detection of breast cancer specific relapse or death. For
pulmonary cancers, EGFR mutation and smoking status
were retrieved from previous database. For other cancers,
patients’ information, including age, sex, histologic diagno-
sis, TNM stage, and tumor size were retrieved from medical
records.

2. TMA construction and immunohistochemistry

TMA containing representative tumor areas were con-
structed with duplicated 0.6-mm cores as previously descri-
bed [20]. One section from each TMA was stained with H&E
and reviewed to confirm the presence of representative 
tumors. Immunohistochemical (IHC) staining of PELP1 (1:500,
polyclonal antibody, Bethyl Laboratories Inc., Montgomery,
TX) was performed using Ultraview Universal DAB Detec-
tion Kit (Ventana, Tucson, AZ) after deparaffinization, rehy-
dration, and antigen retrieval of the slides. All slides were
counterstained with hematoxylin. The tumor cells in the
TMA slides were assessed for the staining intensity, and the
actual percentage of stained cells in the nucleus by two of the
authors blinded to the clinical information and the staining
results of other markers. The percentage of cells with mod-
erate/strong nuclear staining was recorded. For its diagnos-
tic role, PELP1 staining was classified into low (< 5%), focal
(5%-49%), and diffuse ( 50%). A cutoff of 5% was used to
define PELP1 positive expression in a case (i.e., focal/diffuse
PELP1 expression). The expression rate of PELP1 was deter-
mined as the percentage of cases with PELP1 positivity. For
survival analysis, the median value of proportion of PELP1
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stained cells in a case (i.e., 70%) was used to classify the cases
into two groups, i.e., PELP1lo (< 70% PELPL1 stained cells)
and PELP1hi ( 70% PELP1 stained cells) groups. Data on
other biomarkers for the breast cancer cohort including NR
(ER, PR, and AR), Ki67, growth factor receptors (human epi-
dermal growth factor receptor 2 [HER2], EGFR), basal cytok-
eratins (CK5/6 and CK14), and other breast diagnostic
markers (GATA3, gross cystic disease fluid protein 15
[GCDFP15], and mammaglobin [MGB]) expression were 
retrieved from our database (details on IHC staining were
shown in S1 Table). IHC surrogate was used for molecular
subtyping, defined as luminal A (ER/and PR+, HER2–, Ki67
< 20%, PR  20%), luminal B (ER/and PR+, HER2+/and Ki67

> 20%/and PR < 20%), HER2-overexpressed (HER2-OE)
(ER–, PR–, HER2+), basal-like breast cancers (BLBC) (ER–,
PR–, HER2–, CK5/6+/ and EGFR+), and unclassified (quin-
tuple negative [5NP]) (ER–, PR–, HER2–, CK5/6–, EGFR–)
[21,22].

3. Statistical analysis

The findings were analyzed using the statistical software
SPSS for Windows ver. 23 (IBM Corp., Armonk, NY). Chi-
square analysis or Fisher exact test was used to test for the
association of PELP1 expression with tumor grade and bio-
markers. Survival data were evaluated with Kaplan-Meier

Fig. 1.  Representative staining of proline, glutamic acid, and leucine-rich protein 1 expression on breast cancers (A, low; B,
focal; C, diffuse staining), lung cancers (D, low; E, focal; F, diffuse staining), and ovarian cancers (G, low; H, focal; I, diffuse
staining) (200).
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analysis with a log rank test. Multivariate Cox hazard regres-
sion analysis was used to evaluate any independent prog-
nostic effect of the variables. Statistical significance was
established at p < 0.05.

4. Ethical statement   

The study was approved by Joint Chinese University of
Hong Kong—New Territories East Cluster clinical research
ethics committee with a waiver of informed consent (IRB No.
2011.199) and performed in accordance with the principles
of the Declaration of Helsinki.

Results

1. The expression of PELP1 in different tumors

Totally 1,073 invasive breast cancers, 325 lung cancers, 111
ovarian cancers, 207 colorectal cancers, 131 gastric cancers,
and 98 RCC were included for assessment (details on the
clinicopathological characteristics of the cohort were shown
in S2 Table; no clinical data were available for RCC). 

PELP1 staining was nuclear, with no cytoplasmic staining
in all tumor types. Among the different cancers, PELP1
showed the highest expression rate in breast cancers (70.5%
of cases with focal/diffuse staining). Most cases (68.5%) with
PELP1 expression showed diffuse staining and 21 cases
(2.0%) showed focal staining. The second highest expression
rate was found in lung cancers (46.3% and 2.9% of cases with
diffuse and focal staining respectively), followed by ovarian
cancers (41.1% and 0.9% of cases with diffuse and focal
stainin, respectively). There was a statistical significance in
the expression rate among these three cancer types (p < 0.001)

(representative staining was shown in Fig. 1). Less than 15%
of colorectal cancer, RCC and gastric cancers showed focal/
diffuse PELP1 expression (Table 1).  

In lung and ovarian cancers, PELP1 expression rate corre-
lated with clinicopathological features. High PELP1 expres-
sion rate was associated with non-adenocarcinoma, EGFR
wild type (WT) cancers and smoking history (both current
and ex-smokers) in lung cancers (p < 0.001 for all). Its asso-
ciation with EGFR WT status was also observed in lung ade-
nocarcinomas (p < 0.001) (S3 Table). In ovarian cancers,
PELP1 expression correlated with small tumor size (p=0.023).
However, there were no correlation with histological types,
International Federation of Gynecology and Obstetrics stag-
ing, laterality and age (S4 Table). 

2. The expression of PELP1 in subgroups of breast cancers  

In breast cancer, increased PELP1 expression rate was 
associated with the absence of FF (p=0.001) and younger 
patients’ age (p=0.007). Among the 1,063 breast cancers with
complete IHC data for molecular classification, a significant
differential distribution of PELP1 expression was found, with
diffuse staining mostly in luminal B (76.4%, 246/322), fol-
lowed by BLBC (72.7%, 48/66), HER2-OE (68.9%, 73/106),
luminal A (63.7%, 310/487), and 5NP (58.5%, 48/82) sub-
types (Table 2) (p=0.012). Given the relationship of PELP1
with NR, growth factor receptor signaling and epithelial-
mesenchymal transition (EMT) processes, correlation analy-
sis of PELP1 were performed with biomarkers relating to
these pathways. Its associations with other breast markers
were also examined. PELP1 expression rate was found to be
positively associated with AR, Ki-67, HER2, EGFR, p-cad-
herin, and GATA-3 (p  0.045) (Table 2). 

Proportion of             No. of casesPELPL1+ve cells
Mean Median Low Focal Diffuse Total

Breasta) 51.9 70 317 (29.5) 21 (2.0) 735 (68.5) 1,073
Lunga) 34.8 0 160 (50.8) 9 (2.9) 146 (46.3) 315
Ovarya) 32.4 0 64 (57.7) 1 (0.9) 46 (41.4) 111
Colorectal 8.7 0 179 (86.5) 3 (1.4) 25 (12.1) 207
Gastric 2.3 0 124 (94.7) 5 (3.8) 2 (1.5) 131
RCC 7.9 0 84 (85.7) 6 (6.1) 8 (8.1) 98

Table 1. Expression of PELP1 in different tumors

Values are presented as number (%). PELP1, proline, glutamic acid, and leucine-rich protein 1; RCC, renal cell carcinoma.
a)A statistical significant difference (p < 0.001) was found in the expression rate between breast, lung, and ovarian cancers.
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Clincopathological PELP1                                                
feature Low Focal Diffuse

Total p-value

Grade
1 46 (28.4) 6 (3.7) 110 (67.9) 162 0.903
2 127 (30.1) 8 (18.9) 287 (68.0) 422
3 144 (29.5) 7 (1.4) 338 (69.1) 489

LVI
Absent 216 (29.4) 15 (2.0) 504 (68.6) 735 0.723
Present 88 (30.7) 5 (1.7) 194 (67.6) 287

FF
Absent 216 (27.3) 14 (17.7) 561 (70.9) 791 0.001
Present 98 (37.4) 7 (26.7) 157 (29.9) 262

pT
1 116 (27.0) 11 (2.6) 303 (70.4) 430 0.125
2 174 (31.1) 9 (1.6) 376 (67.3) 559
3 19 (34.5) 0 ( 36 (65.5) 55
4 6 (37.5) 0 ( 10 (62.5) 16

pN
0 149 (28.4) 11 (2.1) 364 (69.5) 524 0.309
1 94 (30.9) 5 (1.7) 205 (67.4) 304
2 36 (27.9) 1 (0.8) 92 (71.3) 129
3 31 (36.1) 2 (2.3) 53 (61.6) 86

Molecular subtype
Luminal A 166 (34.1) 11 (2.3) 310 (63.6) 487 0.012
Luminal B 72 (22.4) 4 (1.2) 246 (76.4) 322
HER2-OE 31 (29.2) 2 (1.9) 73 (68.9) 106
BLBC 16 (24.3) 2 (3.0) 48 (72.7) 66
5NP 32 (39.0) 2 (2.5) 48 (58.5) 82

Age (yr)
Mean±SD 56.4±13.1 57.0±14.5 53.8±12.4 54.7±12.7 0.007
Range 28-97 35-94 22-91

Size (cm)
Mean±SD 2.75±1.43 2.27±1.10 2.66±1.48 2.68±4.46 0.204
Range 0.2-10.1 0.8-4.2 0.2-13.0

ER
Negative 95 (30.1) 9 (2.8) 212 (67.1) 316 0.702
Positive 222 (29.5) 12 (1.6) 518 (68.9) 752

PR
Negative 114 (31.7) 7 (1.9) 239 (66.4) 360 0.318
Positive 202 (28.7) 14 (2.0) 488 (69.3) 704

AR
Negative 221 (39.9) 12 (2.2) 321 (57.9) 554 < 0.001
Positive 93 (18.5) 9 (1.8) 400 (79.7) 502

Ki67
Low 266 (34.1) 16 (2.1) 497 (63.8) 779 < 0.001
High 48 (17.1) 5 (1.8) 228 (81.1) 281

HER2
Negative 267 (31.1) 17 (2.0) 575 (66.9) 859 0.045
Positive 50 (24.0) 4 (1.9) 154 (74.1) 208

Table 2. Clinicopathological association of PELP1 expression in breast cancers

(Continued to the next page)
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3. Comparison of PELP1 to other breast markers (GCDF-
P15, MGB, and GATA3) in breast cancers

In breast cancers, PELP1, GCDFP15, and GATA3 showed
differential expression rates among different molecular sub-
types (p  0.012), but MGB did not. GCDFP15 and MGB
showed relatively low expression rate (< 50%) overall and in
different subtypes. GATA3 (82.4%) showed the highest over-
all expression rate, followed by PELP1 (70.5%) overall. Com-
paring GATA3 and PELP1 in luminal cancers, GATA3
(95.1% and 91.6% in luminal A and B subtypes, respectively)
showed a higher expression rate than PELP1 (66.0% and
77.63% in luminal A and B subtypes, respectively). In con-
trast, in the non-luminal subtypes, PELP1 showed a higher
expression than GATA3. In HER2-OE and TNBC, PELP1 
expression rate was 70.8% and 67.4%, respectively, whereas
GATA3 expression rate was 60.4% and 37.5%, respectively.

Moreover, a higher percentage of cases with diffuse staining
was found in PELP1 positive than GATA3 positive non-
luminal cases (Table 3). In addition, a significantly higher
number of cases with PELP1 diffuse staining was found in
different breast cancer subtypes compared to lung/ovarian
cancers (S5 Table). PELP1 and GATA3 expression was also
examined on whole sections of 15 randomly selected cases
with low/diffuse staining. All diffuse cases retained PELP-1
positivity in whole section. For PELP1 low cases, 70% remai-
ned low expression and 30% showed focal staining. A com-
bined expression rate of GATA3 and PELP1 to detect luminal
subtypes showed less than 6% improvement compared to
GATA3 alone. However, for non-luminal subtypes, their
combined expression was found in 87.4% and 77.8% of
HER2-OE and TNBC, respectively. Using GATA3 only the
expression rates were 60.4% and 37.5% in HER2-OE and
TNBC respectively; using PELP1 only, the expression rates

Clincopathological PELP1                                                
feature Low Focal Diffuse

Total p-value

EGFR
Negative 306 (30.6) 21 (2.1) 674 (67.3) 1,001 0.001
Positive 6 (11.1) 0 ( 48 (88.9) 54

CK5/6
Negative 295 (30.9) 18 (1.9) 641 (67.2) 954 0.015
Positive 21 (19.3) 3 (2.7) 85 (78.0) 109

CK14
Negative 305 (30.6) 19 (1.9) 673 (67.5) 997 0.017
Positive 10 (15.9) 2 (3.2) 51 (80.9) 63

Vimentin
Negative 281 (30.8) 17 (1.9) 615 (67.3) 913 0.070
Positive 33 (22.9) 4 (2.8) 107 (74.3) 144

P-cadherin
Negative 265 (32.9) 12 (1.5) 528 (65.6) 805 0.001
Positive 50 (20.7) 8 (3.3) 184 (76.0) 242

GATA3
Low 70 (38.0) 4 (2.2) 110 (59.8) 184 0.012
Focal/Diffuse 243 (28.8) 16 (1.9) 586 (69.3) 845

MGB
Low 96 (24.1) 7 (1.8) 295 (74.1) 398 0.302
Focal/Diffuse 75 (24.5) 6 (2.0) 225 (73.5) 306

GCDFP-15
Low 226 (30.1) 12 (1.6) 514 (68.3) 752 0.763
Focal/Diffuse 84 (28.5) 8 (2.7) 203 (68.8) 295

Table 2. Continued

Values are presented as number (%). PELP1, proline, glutamic acid, and leucine-rich protein 1; LVI, lymphovascular invasion;
FF, fibrotic focus; HER2-OE, human epidermal growth factor receptor 2 overexpression; BLBC, basal like breast cancer; 5NP,
quintuple negative; SD, standard deviation; ER, estrogen receptor; PR, progesterone receptor; AR, androgen receptor; EGFR,
epidermal growth factor receptor; CK, cytokeratin; MGB, mammaglobin; GCDFP-15, gross cystic disease fluid protein 15.
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were 70.8% and 70.6% for HER2-OE and TNBC respectively.
Of note, in the non-luminal subtypes, the combined expres-
sion rate of MGB and GATA3 (77.0% and 63.3% for HER2-
OE and TNBC respectively) was similar to PELP1 alone 
(S6 Table). 

4. Relationship of PELP1 with breast cancer patient`s out-
come  

Follow-up data was available in 940 patients, with mean
follow-up time of 62.7 months (range, 1 to 210 months). 
Relapse or death occurred in 146 patients (15.5%). Among
them, 106 patients died of breast cancer. For survival analy-
sis, the median proportion of PELP1 positively stained cells
(i.e., 70% of moderate and/or intensely stained cells) was
used to classify PELP1 high (PELP1hi, with  70% PELP1 pos-
itively stained cells) and PELP1 low (PELP1lo, with < 70%
PELP1 positively stained cells) subgroups. In all cases and
the luminal cancers, PELP1 subgroup was not associated
with patients’ survival (Fig. 1). However, in the non-luminal
group, PELP1hi cases showed shorter DFS (log-rank=3.894,
p=0.048) (Fig. 2). PELP1hi cases also showed a trend towards
worse BCSS (log-rank=3.446, p=0.063). Multivariate cox haz-
ard analysis including age, grade, pT, pN category, LVI,
HER2, ER, PR, AR, and PELP1 expression demonstrated that
PELP1hi was an independent adverse factor of DFS (hazard
ratio [HR], 1.403; p=0.012; 95% confidence interval [CI], 1.079
to 1.851) and BCSS (HR, 1.443; p=0.015; 95% CI, 1.075 to
1.937) in the non-luminal group (Table 4).

We previously demonstrated AR to be a favorable prog-
nostic factor in luminal cancers [20]. Considering the biolog-
ical important interaction of PELP1 with NR and the corre-
lation between the two markers in this study, we further 
examined the prognostic interaction of PELP1 and AR. We
found that AR was associated with better DFS only in lumi-
nal cases that were PELP1lo (DFS: chi-square=9.383, p=0.002).
In contrast, in the non-luminal cases, AR demonstrated a
trend of better survival in the PELP1hi cases (DFS: chi-square=
3.311, p=0.069). Combined analysis of AR and PEL-P1 status
showed that, in luminal cancers, ARposPELP1lo (but not 
ARposPELP1hi) cases demonstrated better DFS than ARneg-
PELP1lo cases (ARposPELP1lo: log-rank=9.383, p=0.002; 
ARposPELP1hi: log-rank=1.955, p=0.162) (Fig. 3). Interestingly,
among the non-luminal cancers, ARnegPELP1hi cases, but not
ARposPELP1hi cases, showed the worst DFS (compared to 
ARposPELP1lo: log-rank=4.310, p=0.038; ARposPELP1hi: log-
rank= 3.311, p=0.069; ARnegPELP1lo: log-rank=7.087, p=0.008) 
(Fig. 3). Multivariate analysis demonstrated that ARneg-
PELP1hi group remained to have independent prognostic
value for both DFS and BCSS in non-luminal cancers (DFS:
HR, 2.581; p=0.002; BCSS: HR, 2.949; p=0.002) (S7 Table).
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Fig. 2.  Kaplan-Meier analysis of proline, glutamic acid, and leucine-rich protein 1 (PELP1) expression for disease-free survival
(DFS) (A, C, E) and breast cancer specific survival (BCSS) (B, D, F) in all cases (A, B), non-luminal (C, D), and luminal (E, F)
breast cancer subgroups. PELP1lo, PELP1 low; PELPhi, PELP1 high.
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Discussion

Recent studies showed a high expression rate of PELP1 in
breast cancers [9] and its superiority over GATA3 in identi-
fying TNBC [11]. These findings have prompted us to further
evaluate PELP1 expression in different breast cancer sub-
types with a large series of breast cancers and perform a thor-
ough comparison with other breast markers and in other
cancer types. PELP1 showed an overall expression rate of
70.5% in breast cancer. Although there was a significant dif-
ferential expression in different subtypes (being most abun-
dant in luminal B cases, 77.6%), the expression rate in other
subtype was comparable (range, 61% to 75.8%). It was not as
good as GATA3 for luminal cancers, but was better than
GATA3 for non-luminal cancers. Overall, PELP1 was better
than GCDFP15 and MGB. In TNBC, similar to other reported
findings [11], PELP1 showed a higher sensitivity than
GATA3 (68.4% vs. 38.4%), and this was equaled by using
GATA3 and MGB together (63.3%). Moreover, the majority
of the PELP1 positive TNBC showed diffuse staining, mak-
ing observation of the staining easy. The data suggests a 
potential use of PELP1 for metastatic TNBC in appropriate
settings, such as history of primary TNBC, particularly those
not expressing other breast markers (GATA3, MGB, and
GCDFP15). 

For its application in differential diagnosis, it is important
to understand its expression pattern in cancers of diverse ori-
gins. PELP1 expression rate was mostly demonstrated in hor-
mone-related cancers [9,12-14,23]; and for other cancers, such

as RCC, colorectal cancers and lung cancers, investigators
have evaluated mostly its cellular functions but not on its
clinical expression [15,16,24,25]. Here, PELP1 expression was
also evaluated in five other primary cancers. Similar to 
reported findings [13,23], we found a high PELP1 expression
rate in ovarian cancers (41.4%), and lower expression rates
in gastric cancers (1.5%), colorectal cancers (13.5%), and RCC
(7.9%). PELP1 was also highly expressed in lung cancers
(68.5%), particularly non-adenocarcinoma lung cancers
(70.2%) (including squamous cell carcinoma and miscella-
neous subtypes) and lung cancers with EGFR WT (57.6%).
As one of the most common metastatic sites for breast cancer
is lung; and as both breast and lung cancers preferentially
metastasize to the bone, liver, brain, and adrenal glands,
PELP1 may not be able to reliably distinguish a primary lung
from metastatic breast cancer in the lung. A panel of markers,
including thyroid transcription factor 1 and other breast
markers (such as a combination of GATA3 and MGB which
demonstrated similar sensitivity as PELP1 also in non-lumi-
nal cancers), and detailed clinical history is crucial when dif-
ferentiating these cancers.

As a prognostic marker, PELP1 was associated with poor
outcome in luminal cancers [9] and in TNBC when combined
with Ki67 [10]. We found an adverse prognostic significance
of PELP1 in non-luminal cancers, but not in luminal cancers.
In a previous study, outcome based cutoff point optimization
was applied with a longer follow up time [9]. As the recur-
rence in luminal cancers may occur beyond 10 years [26], the
mean follow-up of 62.7 months in the current cohort might
not fully capture all recurrences. Nevertheless, we demon-

Table 4.  Multivariate cox regression analysis for DFS and BCSS in non-luminal subgroup

HR 95% CI for HR p-value
DFS

Age 0.974 0.952-0.997 0.025
pT 1.923 1.322-2.796 0.001
pN 1.984 1.544-2.550 < 0.001
PELP1 status 1.403 1.079-1.851 0.012

BCSS
Age 0.970 0.946-0.996 0.023
pT 2.669 1.713-4.159 < 0.001
pN 1.717 1.305-2.259 < 0.001
PELP1 status 1.443 1.075-1.937 0.015

Backwald method was used for the analysis. Factors included in the initial steps included age, grade, LVI, pT, pN, Ki67,
HER2, AR, and PELP1 status. LVI, Ki67, HER2, AR and PELP1 were analyzed as categorical variables. The absence of LVI,
Ki67 low, HER2 negativity, AR negativity, and PELP1 low status were used as references in their categories. DFS, disease
free survival; BCSS, breast cancer specific survival; HR, hazard ratio; CI, confidence interval; PELP1, proline, glutamic acid,
and leucine-rich protein 1; LVI, lymphovascular invasion; HER2, human epidermal growth factor receptor 2; AR, androgen
receptor.
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strated PELP1 was associated with luminal B cancers, the 
luminal subtype with poor prognosis. Furthermore, we 
observed an association of AR and PELP1 in prognostication
and potentially, the underlying mechanism in different
breast cancer groups. AR has been described as a favorable
marker in luminal breast cancers [20]. However, reports on
AR expression in non-luminal cancers were less consistent
[27]. NR interacting co-regulators may play important roles.
Interestingly, we found the best DFS in ARposPELP1lo luminal
cancer while the worst was in ARnegPELP1hi non-luminal can-

cers. In luminal cancers, AR could compete for ER binding
sites, thereby blocking E2-mediated transcription of prolif-
erative genes [28]. The presence of PELP1 may alter such 
interactions. A similar phenomenon was seen in prostatic
cancers, where AR and ER form a protein complex in the
presence of PELP1 to mediate E2-mediated transcription of
AR-target gene [29]. Interactions between PELP1, AR and
FHL2 enhanced AR transactivation in prostate cancer [14].
In non-luminal AR breast cancers, PELP1 may possibly pro-
mote AR transactivation. Independent of NR, PELP1 can pro-

Fig. 3.  Kaplan-Meier analysis for disease-free survival (DFS) (A, C) and breast cancer specific survival (BCSS) (B, D) according
to proline, glutamic acid, and leucine-rich protein 1 (PELP1) and androgen receptor (AR) expression level in non-luminal
(A, B) and luminal (C, D) subsets. PELP1lo, PELP1 low; PELPhi, PELP1 high.
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mote cancer progression by chromatin remodeling [30]. This
could occur particularly in the ARneg non-luminal cases. In
fact, PELP1 knockdown in ERnegARneg breast cancer cell lines
promoted inhibitory histone mark H3K9me2 [31]. Nonethe-
less, the precise molecular interaction between AR, ER, and
PELP1 in breast cancer remains to be determined and war-
rants further analysis. 

Apart from its interaction with AR, PELP1 was associated
positively with a number of biomarkers, including Ki-67,
HER2, EGFR, and basal markers.  These associations reflec-
ted the critical functions of PELP1 in several pathways 
related to these markers. PELP1 may enhance breast cancer
proliferation by increasing local estrogen synthesis [32].
Moreover, by acting as a scaffolding protein for NR and sev-
eral key players of cell cycle progression and kinases, includ-
ing EGFR/HER2 [33], PELP1 can mediate hormonal signa-
ling crosstalk with cell cycle machinery [34]. Also, PELP1 
interacts with STAT3 to promote its transactivation; thus 
potentiating the growth factor signaling axis [35]. Interest-
ingly, PELP1 was shown to modulate expression of several
genes involved in the EMT process [31]. More recently, it has
demonstrated to interact with AIB1 (amplified in breast can-
cer 1) to enhance cancer stem cell properties [36]. Both
processes were linked to basal like phenotype in breast can-
cer.

In summary, we demonstrated that PELP1 could be a sen-

sitive marker for breast cancers, regardless of breast cancer
subtypes and compared with other breast markers. How-
ever, its substantial expression level in lung/ovarian cancers
could hamper its utility in differentiating cancers of these ori-
gins. PELP1 expression is an independent adverse prognostic
factor for non-luminal cancers and was associated with 
luminal B cancers. Interestingly, PELP1 refines the prognos-
tic value of AR in both luminal and non-luminal cancers. The
results may suggest the significance of co-regulator in prog-
nostication of NR. These findings merit further investigation
so the potential mechanistic actions and clinical value of
PELP1 could be fully explored.
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