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Abstract: Procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2 (PLOD2), which affects collagen synthesis, is associ-
ated with breast cancer. The purpose of the study is to detect the expression of PLOD2 in breast cancer and to 
evaluate the correlation between PLOD2 and clinicopathologic characteristics and prognosis of patients with breast 
cancer. 50 paired samples including breast cancer tissues and adjacent non-tumor tissues were formalin-fixed 
and evaluated by immunohistochemistry. The results revealed that PLOD2 expression in breast cancer tissues was 
much higher than that in tissues adjacent to breast cancer. High expression of PLOD2 was positively associated with 
tumor stage (P = 0.003) and lymph node metastasis (P = 0.001). However, high expression of PLOD2 was negatively 
related to Ki-67 (P < 0.001) while positively related to progesterone receptor (PR) (P = 0.001). PLOD2 expression 
was positively related to the metastasis of breast cancer. Therefore, high expression of PLOD2 was identified as a 
poor prognostic biomarker for patients with breast cancer. These results suggest a novel molecular mechanism in 
breast cancer tumorigenesis, thus providing a potential therapeutic target of breast cancer.
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Introduction

Breast cancer, according to GLOBOCAN, is the 
most common malignancy in women world-
wide. The incidence and mortality of breast 
cancer are increasing in the past few years, 
resulting in a serious threat to women’s health 
[1, 2]. In China and many developed countries, 
the treatment of breast cancer has improved in 
the past 20 years [3]. The clinicopathologic fac-
tors, such as lymph node metastasis, tumor  
differentiation, and clinical stage, are closely 
related to prognosis of patients with breast 
cancer [4]. Although human epidermal growth 
factor receptor-2 (HER-2), estrogen receptor 
(ER) and progesterone receptor (PR) have been 
proved a reference for the prognosis of breast 
cancer, more biomarkers are needed for the 
prediction of the clinical prognosis [5]. So it is 
valuable to understand its molecular mecha-
nisms and find more biomarkers for new thera-
peutic strategies of breast cancer.

Collagen provides a prolific protein in the extra-
cellular matrix (ECM) for its assemblage and 

linearly collagen is known as the “highway” for 
cancer cell invasion and migration [6, 7]. In 
breast cancer, collagen shows a cross-linked 
state of the fiber bundles, which activate integ-
rin signaling and promote the formation of focal 
adhesions to migrate tumor cells to the ECM 
[8]. Living imaging techniques also provideevi-
dence that breast cancer cells can move rapidly 
along the fiber bundles [9]. Increasing density 
of collagen fibers is associated with high rate of 
recurrence and poor prognosis of breast cancer 
[6, 10].

Lysyl hydroxylases 2, encoded by the proco- 
llagen-lysine, 2-oxoglutarate 5-dioxygenase 2 
(PLOD2), mediates the conformation of colla-
gen cross-links. It has beenm confirmed that 
PLOD2 hydroxylates telopeptidyl lysine resi-
dues and results in less lysine aldehyde-derived 
cross-links (LCCs) but more hydroxylysine al- 
dehyde-derived collagen cross-links (HLCCs). 
HLCCs lead to accumulated excessive collagen 
to form collagen fibrosis which enhances breast 
cancer cell invasion and metastasis [11].
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PLOD2 has been reported overexpressed in 
many cancers, such as oral cancer, lung can-
cer, cervical cancer, sarcoma, bladder cancer, 
liver cancer, glioblastoma multiforme and renal 
cell carcinoma [12-19]. Previous studies have 
confirmed that the expression of PLOD2 is reg-
ulated by multiplex factors, such as FOXA1, 
TGF-β, microRNA-26a/b and HIF-1α. In non-
small-cell lung cancers (NSCLC), FOXA1 directly 
regulates PLOD2 through PI3K/AKT-FOXA1 axis 
to trigger the transcription of PLOD2 [13]. 
PLOD2 induced by hypoxia and TGF-β1 impr- 
oves the invasion and migration of cervical can-
cer cells by promoting the epithelial-to-mesen-
chymal transition (EMT) and the formation of 
focal adhesions [20]. In renal cell carcinoma 
and bladder cancer, microRNA-26a and microR-
NA-26ab directly downregulate PLOD2 respec-
tively, contributing to the favorable prognosis of 
these two cancers [16, 19]. In the continuous 
hypoxic environment of breast cancer, HIF-1α 
activates transcription of PLOD2 gene and 
increases PLOD2 protein levels for dozens of 
hours [8]. Also, the mechanism of HIF-1a regu-
lating PLOD2 has been well identified in vitro 
[15, 21]. 

However, the dynamic changes of PLOD2 
expression in the process of breast cancer 
development have not been reported.

In this study, in order to confirm whether PLOD2 
might be a potential marker for the diagnosis 
and prognosis of breast cancer, expression of 
POLD2 was examined in breast cancer tissues 
and adjacent normal tissues. The relationship 
between the expression of PLOD2 and the clini-
copathologic characteristics in breast cancer 
was assessed by immunohistochemistry.

Patients and methods

Patients and tissue specimens

Breast cancer tissues and adjacent normal tis-
sues were excised from 50 paired female 
patients who were diagnosed with invasive 
breast carcinoma at Zhongda Hospital, be- 
tween 2015 and 2018, were collected for 
immunohistochemistry analysis in the present 
study. All specimens were formalin-fixed and 
paraffin-embedded. None of the patients had 
received radiotherapy or neoadjuvant chemo-
therapy before surgery. Clinicopathologic data 
of these patients were collected, including pri-

mary tumor size, tumor stage, nuclear grade, 
the status of ER, PR, HER-2, Ki-67 and lymph 
nodes metastasis. The tumor stages were  
classified according to the American Joint 
Committee on Cancer: the 7th edition of the 
AJCC cancer staging manual and the TNM and 
the nuclear grades were classified according to 
the Nottingham combined histologic grade [22, 
23]. Specimens with more than 14% of Ki-67 
tumor cells were considered Ki-67 positive 
[24]. Written informed consent was obtained 
before their surgery.

Immunohistochemical analysis

All surgical specimens were fixed by 10% for-
malin and embedded in paraffin and used for 
the evaluation of PLOD2 expression. The speci-
mens were cut into 4 μm sections and each tis-
sue section was deparaffinized in xylenes and 
rehydrated through a graded ethanol series.

The sections were immersed in citrate buffer 
(pH 6.0) and placed in a pressure cooker with 
maximum pressure for 2.5 min. The sections 
were taken out and naturally cooled to room 
temperature for 10 min and washed 3 times 
with phosphate buffered saline (PBS).

3% hydrogen peroxide blocked endogenous 
peroxidase activity in sections for 15 min. The 
sections were washed in PBS and incubated 
with the rabbit polyclonal anti-PLOD2 antibody 
(diluted 1:200; Sigma, USA) overnight at 4°C. 
Next, the sections were incubated with a sec-
ondary antibody for 30 min at 30°C after wash-
ing with PBS. Finally, color reaction was carried 
out with 3, 3’-diaminobenzidine (DAB).

Staining evaluation

The PLOD2 protein staining was scored inde-
pendently by two experienced pathologists 
blind to the clinicopathologic characteristics, 
and they finally reached an agreement on the 
staining result.

PLOD2 expression was evaluated according to 
the staining intensity and percentage of posi-
tive cells. The PLOD2 expression was assessed 
for staining intensity in 4 grades (0-3): (0 = no 
staining; 1 = weak; 2 = moderate; 3 = strong) 
and the percentage of positively stained cells in 
4 grades (0-4) (0 = 0% of stained cells; 1 = ≤ 
10% of stained cells; 2 = 10-50% of stained 
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cells; 3 = 50-80% of stained cells; 
4 ≥ 80% of stained cells). For sta-
tistical analysis of staining evalua-
tion, two types of scores were mul-
tiplied. The PLOD2 expression was 
considered low if scores were from 
0 to 7 and scores of 8 to 12 were 
considered as high expression of 
PLOD2.

Statistical analysis 

All statistical analyses were carried 
out using SPSS software (SPSS 
20.0). t-test was used to access 
statistically significant differences 
between breast cancer tissue 
group and tissue adjacent to breast 
cancer group. Chi-square test was 
used to analyze the relationship 
between PLOD2 expression and 
clinicopathologic characteristics. P 
values < 0.05 were considered 
significant.

Results

PLOD2 expression in breast can-
cer 

Figure 1 showed that PLOD2 was 
localized in the cytoplasm. Acc- 
ording to the grading standard 
described above, 27 out of 50 
(54.0%) samples had strong or 
high expressed PLOD2 and the 
remaining 23 (46.0%) samples had 
none or low expression PLOD2 in 
breast cancer tissues (Figure 1C 
and 1D; Table 1). However, only 5 
out of 50 (10.0%) samples had 
strong or high expressed PLOD2 
among those matched tissues 
adjacent to breast cancer (Figure 
1A and 1B; Table 1). Immuno- 
chemical data confirmed that the 
expression of PLOD2 in breast can-
cer tissues was higher than that of 
tissues adjacent to breast cancer 
(P < 0.001).

Positive PLOD2 expression was 
relevant to tumor stage

In this study, 14/27 (51.9%) speci-
mens with high expressed PLOD2 

Figure 1. Immunohistochemical expression of PLOD2 in breast cancer 
tissues and tissues adjacent to breast cancer. (A, B) Negative staining 
of PLOD2 in tissue adjacent to breast cancer (magnification: A × 40 
and B × 100). (C, E, G, I) Respectively represent negative, weak, mod-
erate, and strong staining of PLOD2 in the cytoplasm of breast cancer 
tissues (× 40 magnification). (D, F, H, J) Respectively represent nega-
tive, weak, moderate and strong staining of PLOD2 in the cytoplasm of 
breast cancer tissues (× 100 magnification).
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were positive for the tumor stage; however, 
2/23 (8.71%) specimens with low expressed 
PLOD2 were positive for the tumor stage. In 
conclusion, high expressed PLOD2 was posi-
tively associated with the tumor stage in breast 

In this study, 9/27 (33.3%) samples with high 
expression of PLOD2 were positive for expres-
sion of Ki-67, but 20/23 (87.0%) samples with 
low expression of PLOD2 were positive for 
expression of Ki-67. This result shows that low 
expression of PLOD2 is related to positive 
expression of Ki67 in breast cancer (P < 0.001) 
(Table 2).

High expression of PLOD2 is related to lymph 
node metastasis

It is of interest to analyze the association 
between PLOD2 expression and lymph node 
metastasis for its significance for breast cancer 
prognosis. 17 (63.0%) patients had lymph node 
metastasis in the 27 breast cancer patients 
with high expression of PLOD2; however, only 3 
(13.0%) patients had lymph node metastasis 
among the 23 breast cancer patients with low 
expression of PLOD2. It was important to find 
lymph node metastasis increased with high 
expression of PLOD2 in these breast cancer 
samples (P = 0.001) (Table 2).

Positive PLOD2 expression is relevant to PR

In this study, 20/27 (74.1%) specimens with 
high expression of PLOD2 were positive for the 
expression of PR; however, 9/23 (39.1%) speci-
mens with low expression of PLOD2 were posi-
tive for the expression of PR. In conclusion, 
high expression of PLOD2 was positively asso-
ciated with the expression of PR in breast can-
cer (P = 0.001) (Table 2).

Discussion

The incidence of breast cancer is the highest 
among all cancers and breast cancer is a main 
cause of cancer mortality second only to lung 

Table 1. Relationship between expression of PLOD2 and patient 
characteristics

Group Number
PLOD2

P-value
Low High

Breast cancer tissue 50 23 (46.0%) 27 (54.0%)
Tissue adjacent to breast cancer 50 45 (90.0%) 5 (10.0%) < 0.001
Breast cancer tissue 50 23 (46.0%) 27 (54.0%)
Normal breast tissue 50 48 (96.0%) 2 (4.0%) < 0.001
Tissue adjacent to breast cancer 50 45 (90.0%) 5 (10.0%)
Normal breast tissue 50 48 (96.0%) 2 (4.0%) NS
P values were calculated by χ2 test; NS represented not significant.

cancer (P = 0.003) (Table 
2).

Improved PLOD2 expres-
sion was associated with 
Ki-67

The aggressiveness of br- 
east cancer is related to 
proliferation of tumor cells, 
and Ki-67 is a proliferation 
marker in breast cancer 
which can be confirmed 
through many studies [25]. 

Table 2. Relationship between expression of 
PLOD2 and patient characteristics

Characteristics Number
PLOD2

P value
Low High

Total number 50 23 27
Age (years)
    < 50 21 10 11 NS
    ≥ 50 29 13 16
Tumor size (cm)
    < 2 31 14 17 NS
    ≥ 2 19 9 10
Tumor stage
    I-II 34 21 13 0.003
    III-IV 16 2 14
ER status
    Negative 20 10 10 NS
    Positive 30 13 17
PR status
    Negative 24 17 7 0.001
    Positive 26 6 20
HER-2 status
    Negative 18 6 12 NS
    Positive 32 17 15
Ki-67 status
    Negative 21 3 18 < 0.001
    Positive 29 20 9
Lymph nodal status
    Negative 30 20 10 0.001
    Positive 20 3 17
P values were calculated by χ2 test; NS represented not 
significant.
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cancer in women. The metastasis of breast 
cancer involves complex molecular mecha-
nisms. However, the traditional cancer staging 
has limitations in judging the prognosis. 
Therefore, it is of great value to detect a new 
biomarker to assess the prognosis of breast 
cancer.

PLOD2 has been proven to be relevant to col-
lagen crosslinking by inducing collagen reorga-
nization [11]. Many studies have also reported 
that tumor cells preferentially moved along 
fiber bundles, which could be considered as a 
“highway” for tumor cell invasion and metasta-
sis [6, 9, 26]. So, PLOD2 can be considered as 
an important biomarker for metastasis and 
prognosis of breast cancer.

In our study, we found that PLOD2 expression 
was notably higher in breast cancer tissues 
than that in tissues adjacent to breast cancer. 
Moreover, high expression of PLOD2 was posi-
tively associated with tumor stage (P = 0.003) 
and lymph node metastasis (P = 0.001), sug-
gesting that PLOD2 was able to enhance 
metastasis by acting as an oncogene, especial-
ly related to the local and distant migration of 
breast cancer cells. Nevertheless, high expres-
sion of PLOD2 was negatively related to Ki-67 
(P < 0.001) and positively related to PR (P = 
0.001). Many studies have demonstrated that 
Ki-67 promotes cell proliferation and influenc-
es the prognosis of breast cancer, especially in 
HER2-positive (non-luminal) breast cancer [27, 
28]. Ki-67 and PR are both proven to be associ-
ated with the proliferation of breast cancer 
cells to enhance breast cancer metastasis. 
Previous studies have found that the expres-
sion of Ki-67 is inversely related to PR in breast 
cancer [29]. However, we cannot explain the 
reason that PLOD2 is positively correlated with 
cell migration but negatively correlated with 
cell proliferation. So far, no evidence has con-
firmed that PLOD2 is associated with the prolif-
eration of breast cancer cells.

We conjecture that PLOD2 may play vital roles 
in carcinoma progression and metastasis by 
interacting with some tumor-promoting factors 
in the tumor miroenvironment (TME). The 
metastasis of breast cancers is associated 
with the TME [30]. In the hypoxic environment, 
hypoxia-inducible factor 1 (HIF-1) activates the 
transcription of PLOD2 to promote collagen 
fibrosis [8]. In epithelial tumors of Kras (LA1) 

mice, cancer associated fibroblasts (CAFs) 
formed networks, tumor cell aggregates res- 
ponded to signals of CAFs and move to the  
networks [31]. However, the consumption of 
PLOD2 expression in CAFs reduced the forma-
tion of networks and the dissociation of tumor 
aggregates. This means CAFs induce collagen 
cross-linking switch to influence metastasis. 
These studies indicate significant roles of 
PLOD2 interacting with molecules in the metas-
tasis of breast cancer. We believe that PLOD2 
can indirectly inhibit the proliferation of tumor 
cells and promote the migration of tumor cells 
by interacting with some factors in the TME. 
Further experiments are needed to test this 
conjecture.

There are some limitations in our study. The 
number of specimens was relatively few, and 
only invasive breast cancer specimens were 
collected. If the specimens are adequate, the 
expression of PLOD2 in ductal carcinoma in 
situ (DCIS) and in invasive carcinoma (IDC), and 
the expression of PLOD2 in different molecular 
types of IDC should both be compared. This is 
what our next experiment will do next.

There are limitations in the targeted therapy of 
breast cancer, and only one targeted therapy 
drug for patients of HER-2-positive. Also, there 
is no targeted drug for the metastasis of breast 
cancer. Based on this study, we considered 
whether PLOD2 inhibitors combined with other 
drugs can be used in metastatic breast cancer 
to prolong survival of breast cancer patients.

In conclusion, this study clarifies the role of 
PLOD2 protein in breast cancer metastasis. 
High expression of PLOD2 is positively associ-
ated with tumor stage and lymph node metas-
tasis. PLOD2 may be a better indication of 
breast cancer metastasis in the movement of 
tumor cells. However, it is still unknown how 
collagen fiber bundles affect migration and 
invasion of breast cancer cells. More experi-
ments will be conducted to solve this problem 
in the future.
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