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High peroxidasin-like expr
ession is a potential and
independent prognostic biomarker in breast cancer
Yanqing Li, PhDa, Yan Jiao, PhDb, Zhangping Luo, BAc, Yang Li, PhDa,∗, Yanan Liu, PhDa,∗

Abstract
Breast cancer is a frequent female malignant tumor with high mortality and poor prognosis. Peroxidasin like (PXDNL) has many
biological functions, including characteristic activity of hormone biosynthesis, host defense, and cell motility. In addition, PXDNL is
closely connected with the progression of breast cancer. In this study, we found that PXDNL may be an independent prognostic
biomarker of breast cancer.
We tested the mRNA expression of PXDNL in breast cancer by detecting The Cancer Genome Atlas (TCGA) database. The chi-

squared test was used to evaluate clinical correlation. The receiver operating characteristic (ROC) curves were drawn to evaluate
diagnosis potential in breast cancer. Subsequently, survival analyses were performed to identify the relevance between the
expression of PXDNL and the overall survival/relapse-free survival of patients with breast cancer. Univariate/multivariate Cox
regression model was executed to detect risk factors affecting the prognosis of patients with breast cancer.
PXDNL is highly expressed in breast cancer tissues and is related to survival status of patients. The ROC curve showed that

PXDNL had beneficial diagnostic ability in breast cancer. Survival analysis indicated that patients with breast cancer with high PXDNL
expression generally had decreased overall survival/relapse-free survival. Univariate/multivariate Cox model analyses further
suggested an association between PXDNL expression and prognosis of patients with breast cancer.
High PXDNL expression is a potential and independent prognostic biomarker in breast cancer.

Abbreviations: AUC = area under the curve, ER = estrogen receptor, HER2 = human epidermal growth factor 2, PR =
progesterone receptor, PXDNL = peroxidasin like, ROC = receiver operating characteristic, TCGA = The Cancer Genome Atlas.
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1. Introduction

Breast cancer has a high incidence and is a common malignant
tumor among women.[1,2] In recent years, with the ongoing
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development of modern molecular diagnostic technology, the
treatment of breast cancer has made progress.[3–5] However, the
poor prognosis of breast cancer, and particularly late-stage, is still
an urgent problem. Therefore, identifying a reliable and feasible
prognostic biomarker of breast cancer has been a key field in
breast cancer research.
peroxidasin like (PXDNL) is a member of the peroxidase gene

family. This gene encodes for peroxidase-like protein, and its
isomer PMR1 encodes nucleic acid endonucleases that selectively
degrade certain target genes. The expression of human PXDNL
stimulates cell motility in a similar way to Xenopus PMR1, thus
providing clear evidence which links the downregulation of
endonucleases with the regulation of cell motility.[6] In a cohort
study, researchers found that the top-driving oncogenes, including
PXDNL7, hadmutation prevalence of>5% in 6697 patients with
breast cancer, but their role in breast cancer was unsharp.[7]

For further prove the clinical roles of PXDNL in breast cancer
patients, we investigated the expression of PXDNL by detecting
The Cancer Genome Atlas (TCGA). The chi-squared test was
implemented to assess clinical relevance. Receiver operating
characteristic (ROC) curves were performed to calculate the
capability of diagnosis in patients. Survival analyses were executed
to identify the effect of PXDNL on the overall survival/relapse-free
survival of patientswithbreast cancer.Univariate/multivariateCox
regressionmodel were used to find out independent risk factors for
breast cancer prognosis.

2. Materials and methods

2.1. Data source

Using TCGA (https://cancergenome.nih.gov/) databases, we
obtained currently RNAseq data and available clinical from
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breast cancer and normal tissues, respectively. All data used was
from public datasets.
2.2. Data mining and statistical analyses

We included the full TCGA-BRCA cohort in this analysis, and
“NA” values were removed when specific analyses (Fisher exact
test, chi-squared test, and survival analysis)were executed. In order
to evaluate the prognosis results more accurately, some clinical
features of patients are used.WedodataminingbyusingR (version
3.6.1).[8] The ggplot2 package[9] was used to plot the boxplot of
Table 1

Correlation between the expression of peroxidasin like and the clinic

Parameter Variable Number

Age <60 589 (53.45)
≥60 513 (46.55)

Sex Female 1090 (98.92)
Male 12 (1.08)

Histological type Infiltrating ductal carcinoma 790 (71.75)
Infiltrating lobular carcinoma 204 (18.53)

Other 107 (9.72)
Molecular subtype Basal 142 (16.73)

Her2 67 (7.89)
LumA 422 (49.71)
LumB 194 (22.85)
Normal 24 (2.83)

ER Indeterminate 2 (0.19)
Negative 239 (22.68)
Positive 813 (77.13)

PR Indeterminate 4 (0.38)
Negative 345 (32.76)
Positive 704 (66.86)

HER2 Equivocal 180 (19.54)
Indeterminate 12 (1.30)
Negative 565 (61.35)
Positive 164 (17.81)

Menopause status Inde 34 (3.36)
Peri 40 (3.96)
Post 706 (69.83)
Pre 231 (22.85)

T classification T1 281 (25.50)
T2 640 (58.08)
T3 138 (12.52)
T4 40 (3.63)
TX 3 (0.27)

N classification N0 516 (46.82)
N1 367 (33.30)
N2 120 (10.89)
N3 79 (7.17)
NX 20 (1.81)

M classification M0 917 (83.21)
M1 22 (2.00)
MX 163 (14.79)

Stage I 182 (16.64)
II 626 (57.22)
III 252 (23.03)
IV 20 (1.83)
X 14 (1.28)

Lymph node status No 28 (3.86)
Yes 697 (96.14)

Margin status Close 31 (3.00)
Negative 922 (89.34)
Positive 79 (7.66)

Vital status Deceased 155 (14.07)
Living 947 (85.93)

Radiation therapy No 445 (44.41)
Yes 557 (55.59)

Neoadjuvant treatment No 1088 (98.92)
Yes 13 (1.18)

Targeted molecular therapy No 46 (7.94)
Yes 533 (92.05)

Sample type Metastatic 7 (0.63)
Primary tumor 1097 (99.04)

ER= estrogen receptor, HER2=human epidermal growth factor 2, PR=progesterone receptor.
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clinical features. The pROC package[10] mapped ROC, which was
used to assess diagnostic capabilities and the best OS cut-off values
based on the Youden index, to separate the high PXDNL
expression group from the low PXDNL expression group.
The chi-squared test was used to test the possible clinical
interdependency between clinical features and the expression of
PXDNL. We also used a survival package[11,12] to plot survival
curves, and then a logarithmic rank test to check survival bias. The
univariate Cox model and multivariate Cox model were used to
distinguish the independence of PXDNL expression from other
clinical features.
opathologic characteristics in breast cancer.
PXDNL mRNA

High N (%) Low N (%) X2 P

250 (49.5) 339 (56.78) 5.537 .019
255 (50.5) 258 (43.22)
496 (98.22) 594 (99.5) 3.056 .080
9 (1.78) 3 (0.5)
409 (81.15) 381 (63.82) 53.966 .000
47 (9.33) 157 (26.3)
48 (9.52) 59 (9.88)
78 (18.31) 64 (15.13) 15.570 .003
35 (8.22) 32 (7.57)
197 (46.24) 225 (53.19)
111 (26.06) 83 (19.62)
5 (1.17) 19 (4.49)
1 (0.21) 1 (0.17) 2.277 .244
119 (24.79) 120 (20.91)
360 (75) 453 (78.92)
1 (0.21) 3 (0.52) 2.350 .320
167 (34.86) 178 (31.01)
311 (64.93) 393 (68.47)
80 (19.09) 100 (19.92) 4.252 .236
7 (1.67) 5 (1)
247 (58.95) 318 (63.35)
85 (20.29) 79 (15.74)
15 (3.23) 19 (3.47) 10.801 .012
12 (2.59) 28 (5.12)
346 (74.57) 360 (65.81)
91 (19.61) 140 (25.59)
126 (24.95) 155 (25.96) 11.215 .018
300 (59.41) 340 (56.95)
51 (10.1) 87 (14.57)
26 (5.15) 14 (2.35)
2 (0.4) 1 (0.17)
231 (45.74) 285 (47.74) 3.800 .438
166 (32.87) 201 (33.67)
62 (12.28) 58 (9.72)
34 (6.73) 45 (7.54)
12 (2.38) 8 (1.34)
440 (87.13) 477 (79.9) 14.024 .001
12 (2.38) 10 (1.68)
53 (10.5) 110 (18.43)
77 (15.37) 105 (17.71) 3.172 .532
286 (57.09) 340 (57.34)
119 (23.75) 133 (22.43)
10 (2) 10 (1.69)
9 (1.8) 5 (0.84)
9 (3.06) 19 (4.41) 0.530 .467
285 (96.94) 412 (95.59)
14 (2.98) 17 (3.02) 0.497 .815
423 (90) 499 (88.79)
33 (7.02) 46 (8.19)
93 (18.42) 62 (10.39) 13.940 .000
412 (81.58) 535 (89.61)
197 (43.39) 248 (45.26) 0.278 .598
257 (56.61) 300 (54.74)
494 (98.02) 594 (99.5) 3.950 .047
10 (1.98) 3 (0.5)
23 (7.77) 23 (8.13) 0.000 .996
273 (92.23) 260 (91.87)
2 (0.4) 5 (0.84) 0.291 .590
504 (99.6) 593 (99.16)
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3. Results

3.1. Data cohort characteristics

The PXDNL expression levels, as well as clinical features of
patients, including age, sex, progesterone receptor (PR) status,
human epidermal growth factor 2 (HER2) status, estrogen receptor
(ER) status, cancer stage, new type, histologic grade, molecular
subtype, menopause status, T/N/M classification, lymph node
status, margin status, radiation therapy, neoadjuvant treatment,
targeted molecular therapy, sample type, overall survival, relapse-
free survival, and vital status, are shown in Table 1.
3.2. PXDNL expression was correlated with breast cancer

Boxplots of PXDNL expression showed that higher PXDNL
expression was obtained in breast cancer (P=1.8�10�06; Fig. 1).
In addition, PXDNLwas also differentially expressed bymolecular
subtype (P= .015), menopause status (P= .00028), age (P
= .00039),Mclassification (P= .0016), and vital status (P= .0034).

3.3. PXDNL has substantial diagnostic capability

According to ROC analysis, we found that the area under the
curve (AUC) was 0.636, suggesting that PXDNL may have
Wilcoxon, p = 1.8e-06
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considerable diagnostic ability. We reached the same results by
analyzing the subgroups of different stages (AUC: 0.628, 0.637,
0.633, 0.627 for stage I, stage II, stage III, stage IV, respectively;
Fig. 2).

3.4. Relationship between PXDNL and patients’ clinical
features

As shown in Table 1, the expression of PXDNL was closely
related to age (P= .032), ER status (P= .0003), T/N/M
classification (P= .0001; P=0; P=0), margin status (P= .0002),
stage (P=0), and vital status (P=0) of patients with breast
cancer.

3.5. The increase in PXDNL expression was related to
poor overall survival of breast cancer

We found that high PXDNL expression in patients with overall
survival (P< .0001; Fig. 3), Subgroup analysis showed that
PXDNL expression had significant prognostic value in
infiltrating ductal carcinoma (P= .00097), infiltrating lobular
carcinoma (P= .0073), ER-positive cancer (P< .0001), PR-
negative cancer (P= .032), PR-positive cancer (P=0.00013),
HER2-negative cancer (P= .011), Lum A (P= .0015), and Lum
B (P= .041).
Kruskal-Wallis, p = 0.00028
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Figure 2. The ROC curve of peroxidasin like (PXDNL) in The Cancer Genome Atlas (TCGA) cohort. A, Nontumor sample and tumor sample. B, Nontumor sample
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Univariate and multivariate Cox model analysis recommended
that high expression of PXDNL may be an independent
risk factor for overall survival in patients with breast cancer
(hazard ratio [HR]=1.76, P= .017, Table 2).
3.6. The increase of PXDNL expression is related to poor
relapse-free survival in patients with breast cancer

We found that high PXDNL expression in patients with shorter
relapse-free survival time (P< .0059; Fig. 4). Subgroup analysis
showed that PXDNL expression had significant prognostic
value in infiltrating ductal carcinoma (P= .016), ER-positive
cancer (P= .0035), Lum A (P= .0019), and PR-positive cancer
(P= .012).
Univariate and multivariate Cox model analysis recommended

that high expression of PXDNL may be an independent risk
factor for the relapse-free survival in patients with breast cancer
(HR=1.54, P= .046; Table 3).
4. Discussion

Breast cancer is a fatal disease that particularly endangers
women’s health. With the development of modern social
economy, various lifestyle changes such as premature sexual
maturity, postponement of menopause, infertility, late childbear-
ing, unhealthy lifestyle, increased intake of exogenous estrogen,
and other environmental factors have increased in the incidence
4

of breast cancer year by year.[13] In 2018, there were 209.96
million new cases of breast cancer worldwide, making it one of
the most common causes of female cancerous deaths in developed
and developing countries.[14] Although the clinical treatment of
breast cancer has made progress, the prognosis of the disease
remains poor. Most common treatments, such as radiotherapy or
surgical resection, do not guarantee the survival of patients with
advanced breast cancer.[15,16] Conversely, continued chemother-
apy can lead to severe endothelial dysfunction, leading to
complications such as heart attack, heart failure, stroke, or
congestive decline.[17] Therefore, the field urgently requires a
prognostic biomarker to guide clinicians to improve the
prognosis of patients with breast cancer. Our team has been
working for exploring novel biomarkers in various cancer.[18–24]

In this study, we found that the high PXDNL expressionmay be a
potential and independent risk factor for the prognosis of patients
with breast cancer.
PMR1 endonuclease was found in the breasts of Xenopus

laevis and identified as a member of a large and diverse
peroxidase gene family. PXDNL was later identified as another
member of this family.[25] PXDNL mutations have been found in
6697 patients with breast cancer and a system (http://www.g-2-o.
com) was set up to quickly verify the mutations found in a large
breast cancer cohort, which contributed greatly to breast cancer
research.[7] We found that the expression of PXDNL was
increased, suggesting that PXDNL played an important function
in breast cancer progression. In addition, we also found increased

http://www.g-2-o.com/
http://www.g-2-o.com/
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Figure 3. Survival analysis of PXDNL expression in terms of overall survival. Kaplan-Meier curves produced survival analysis (A) and subgroup analysis of infiltrating
ductal carcinoma (B), infiltrating lobular carcinoma (C), ER positive (D), PR negative (E), PR positive (F), HER2 negative (G), Lum A (H), and Lum B (I). ER=estrogen
receptor, HER2=human epidermal growth factor 2, PR=progesterone receptor, PXDNL=peroxidasin like.

Li et al. Medicine (2019) 98:44 www.md-journal.com
expression of PXDNL in deceased patients, suggesting a link
between high expression of PXDNL and poor prognosis in
patients with breast cancer. Nonetheless, as the potential
mechanism is still unclear, it is necessary to further explore the
role played by PXDNL in patients with breast cancer.
Table 2

Summary of univariate and multivariate Cox regression analyses of o

Univariate analysis

Parameters Hazard ratio 95% CI

Age 1.91 1.39–2.63
Histological type 0.93 0.74–1.17
Molecular subtype 1.01 0.88–1.16
ER 0.85 0.71–1.02
PR 0.87 0.73–1.03
HER2 1.29 1.05–1.57
Menopause status 1.16 0.94–1.43
Stage 1.64 1.4–1.91
Lymph node status 1.1 0.93–1.3
Margin status 1.42 1.11–1.81
PXDNL 2.04 1.48–2.82

CI= confidence interval, ER= estrogen receptor, HER2=human epidermal growth factor 2, PR=proge

5

PXDNL is closely related to the diagnosis and prognosis of
cancer. Researchers have found that PXDNL is involved in many
disease processes, such as neurodegenerative disorders[26] and
severe depressive disorders.[27] However, the specific role of
PXDNL in breast cancer has not yet been elucidated. In this
verall survival duration.

Multivariate analysis

P Hazard ratio 95% CI P

0 2.23 1.4–3.57 .001
.543
.901
.074
.096
.013 1.17 0.94–1.46 .148
.165
0 2.18 1.65–2.88 0

.274

.005 1 0.72–1.4 .987
0 1.76 1.11–2.81 .017

sterone receptor, PXDNL=peroxidasin like.
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Figure 4. Survival analysis of PXDNL expression in terms of relapse-free survival. Kaplan-Meier curves produced survival analysis (A) and subgroup analysis of
infiltrating ductal carcinoma (B), infiltrating lobular carcinoma (C), ER positive (D), PR negative (E), PR positive (F), HER2 negative (G), Lum A (H), and Lum B (I). ER=
estrogen receptor, HER2=human epidermal growth factor 2, PR=progesterone receptor, PXDNL=peroxidasin like.
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research, we used ROC curves to show that that PXDNL has an
excellent diagnostic ability in breast cancer. In addition, we found
that when PXDNL was overexpressed, the overall/ relapse-free
survival time of patients with breast cancer was shorter. By
subgroup analysis, we found that PXDNL had statistical
significance in the overall survival rate of fibroductal
Table 3

Summary of univariate and multivariate Cox regression analyses of r

Univariate analysis

Parameters Hazard ratio 95% CI

Age 1.45 0.97–2.16
Histological type 0.86 0.65–1.14
Molecular subtype 0.99 0.82–1.2
ER 0.78 0.63–0.97
PR 0.78 0.64–0.96
HER2 0.93 0.7–1.22
Menopause status 0.95 0.74–1.22
Stage 1.71 1.4–2.08
Lymph node status 0.86 0.7–1.06
Margin status 1.59 1.23–2.06
PXDNL 1.75 1.17–2.61

CI= confidence interval, ER= estrogen receptor, HER2=human epidermal growth factor 2, PR=proges

6

carcinoma and invasive lobular carcinoma, which have been
identified as the main sources of breast cancer.[28,29] Interestingly,
we also found that PXDNL had statistical significance in the
overall survival analysis of HER2-negative molecular subtyping,
which has further improved patient individualization and precise
treatment.
elapse-free survival duration.

Multivariate analysis

P Hazard ratio 95% CI P

.072
.29
.945
.026 0.85 0.61–1.18 .339
.019 0.87 0.64–1.19 .384
.596
.713
0 1.56 1.26–1.94 0

.159
0 1.51 1.15–1.99 .003

.007 1.54 1.01–2.35 .046

terone receptor, PXDNL=peroxidasin like.
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In view of the correlation between endonuclease andmetastasis
mechanisms of malignant tumors, and the established role of
PXDNL in endonucleases,[30] it seems that PXDNL take part in
the metastasis of breast cancer. In fact, previous studies have
confirmed that PXDNL expression is associated with the
migration ability of MCF-7 cells.[31] Therefore, the association
between high PXDNL expression and low survival rate in
patients with breast cancer in this study may be due to the
potential contribution of PXDNL to tumor metastasis.
As far as we know, this is the first study to investigate the

prognostic value of PXDNL in breast cancer. With joint efforts
from other studies of PXDNL, our study should provide utility
for researchers to fully understand the effect of PXDNL in cancer
progression and provide a greater possibility to offer patients
prognosis prediction. However, in-depth molecular mechanisms
have not been fully elucidated in this cancer. Therefore, in the
future, we plan to obtain more tissue samples from clinical
patients, and further detect and understand levels of PXDNL
expression according to various treatments received by patients.
5. Conclusion

In a word, we generally payed close attention to the prognosis
values of PXDNL in patients with breast cancer. High PXDNL
expression has been shown to be a potential and independent
prognosis biomarker in breast cancer. Consider noting the
sample size of the patient subset in the TCGA, or that further in
vitro/in vivo data are required to formally prove the correlation
between high PXDNL expression and poor prognosis.
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