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Introduction

Breast cancer is the most frequently diagnosed cancer 
worldwide, accounting for 30% of total cancer cases and 
14% of cancer deaths according to cancer statistics from 
2017 (1). Moreover, the decrease in age of onset and the 

increase in incidence have made breast cancer the most 
serious health threat to women in China. Breast cancer is 
a heterogeneous disease which was classified into several 
subtypes based on the IHC staining of ER, PR, HER2 (2)  
and Ki-67 (3). Although the utilization of new drugs targeting 
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ER or HER2 has significantly improved the 5-year survival 
rates (4), drug resistance remains a challenge to overcome (5).  
Therefore, more efforts should be taken to identify new 
biomarkers for drug resistant breast cancer.

PLA2G16 (Group XVI phospholipase A2) was first 
classified as a tumor suppressor in H-RAS-resistant murine 
fibroblasts (6-8). Additionally, PLA2G16 expression was 
downregulated in miscellaneous tumorigenic cell lines 
derived from melanoma, neuroblastoma, adenocarcinoma, 
and fibrosarcoma and was absent in several primary tumors 
(9-11). However, PLA2G16 was later identified as a 
member of the phospholipase A2 family, which catalyzes 
the release of free fatty acids (FFAs) and lysophospholipid 
(LPA) from phosphatidylcholine by hydrolyzing the ester 
bond at the sn-2 position (6). Both LPA and FFA are known 
to contribute to tumorigenesis and progression (12,13). 
Notably, high expression of PLA2G16 was associated with 
poor prognosis in non-small cell lung cancer patients, and 
PLA2G16 overexpression promoted proliferation and 
metastatic potential in a subset of osteosarcoma cell lines 
and patients (14,15). Thus, PLA2G16 can also be classified 
as an oncogene, and it is likely that the role of PLA2G16 in 
tumor progression is tumor type-specific. 

However, the PLA2G16 expression status and its clinical 
significance in patients with breast cancer remains elusive. 
Here, we examined the expression profile of PLA2G16 
in 200 stage I to III invasive ductal carcinoma specimens 
and evaluated its association with the clinicopathological 
characteristics and prognosis of breast cancer patients. 

Materials and methods

Patients and specimens 

In total, 200 female patients diagnosed with stage I to III 
unilateral invasive ductal carcinoma were enrolled in the 
cohort. The specimens were obtained from the Department 
of Breast Surgery at the Fudan University Shanghai Cancer 
Center (FUSCC, Shanghai, China) between March 2003 
and January 2008. These patients underwent a mastectomy 
and axillary lymph node dissection or breast conservation 
surgery. The therapeutic regimen decisions were based on 
the Chinese Anti-Cancer Association guidelines for the 
diagnosis and treatment of breast cancer. In our cohort, 
these patients were regularly followed-up. The study was 
approved by the Review Board of FUSCC, and informed 
consent forms were signed by each participant. The 
number/ID of the Ethics Approval is 050432-4-1212B.

Breast cancer tissue microarray construction 

Formalin-fixed and paraffin-embedded tumor specimens 
were punched in duplicate to obtain 2 mm diameter tissue 
cylinders from the tumor area, which was identified by 
hematoxylin and eosin staining. The samples were transferred 
to recipient array blocks using a tissue microarrayer (TMA). 
The TMAs in this study were generated by the Department 
of Pathology at FUSCC.

Immunohistochemical staining for PLA2G16

The expression of PLA2G16 was determined in the 
TMAs. The TMAs were dewaxed in xylene, hydrated in 
descending grades of ethanol and washed. Antigen retrieval 
was performed with a high-voltage protocol in 0.01 mol/L  
sodium citrate buffer for 150 s. Subsequently, tissues 
were incubated overnight at 4 ℃ with a rabbit anti-
human AdPLA2 (PLA2G16) polyclonal primary antibody 
(No. 10337, Cayman Chemical) at a concentration of  
5 μg/mL, followed by incubation with horseradish peroxidase-
conjugated secondary antibodies at 37 ℃ for 20 minutes. 
Tissues were stained with diaminobenzidine solution under 
a microscope and counterstained with hematoxylin. The 
immunostaining evaluation was independently conducted 
by two experienced pathologists. PLA2G16 expression 
was scored based on the signal intensity (0= no staining,  
1= weak staining, 2= moderate staining, 3= strong staining). 
Tissues with an immunohistochemical score of 2 or less 
were considered as low expression, and those with a score of  
3 were considered as high expression (or overexpression). 

Patients cohort for Kaplan-Meier plotter analysis

We investigated the relationship between PLA2G16 
expression and clinical outcome using Kaplan-Meier Plotter, 
a large population-based database, with an auto-select best 
cutoff. In the present study, we evaluated the association 
between PLA2G16 expression and disease-free survival (DFS) 
in all breast cancer patients (3,554 cases), overall survival 
(OS) in all breast cancer patients (1,117 cases) and DFS in 
HER2-positive breast cancer patients (168 cases). All analyses 
were performed using the latest version of the Kaplan-Meier 
Plotter database (2014 version; http://www.kmplot.com/
analysis/index.php?p=service).

Statistical analyses 

The follow-up information was collected from surgery to 
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the last observation. DFS was defined as the time from the 
date of primary surgery to the date of relapse, breast cancer-
specific death or the end of the study. OS was defined as the 
time from primary surgery to the date of death. Patients 
without events or death were regarded as censored cases. 
The IHC staining was performed to evaluate the expression 
status of PLA2G16. The Kaplan-Meier analysis and  
log-rank test were used to evaluate the prognostic value. 
The Multivariate Cox regression analysis was performed 
to identify the significant independent prognostic factors. 
The association between clinicopathological variables 
and PLA2G16 expression was evaluated by Pearson’s  
chi-squared test (χ2). Statistical analysis were performed using 
SPSS 20.0 (SPSS Inc., Chicago, IL, USA). 

Results 

Patient characteristics and PLA2G16 expression in breast 
cancer specimens

A total of 200 specimens were included initially in our study, 
however, 17 cases were lost during IHC staining process. 
Therefore, the remaining 183 cases were included in the 
subsequent analysis. The clinicopathological characteristics 
of these patients are summarized in Table 1. The median 
age of the patients was 50.44 years (range, 26–84 years) 
and the median follow-up time was 94.38 months. Of these 
183 specimens, 87 cases (47.5%) showed high expression of 
PLA2G16 by immunohistochemical staining (representative 
images; Figure 1). The relationships between PLA2G16 
expression and various clinical variables were further 
investigated. The result indicated that PLA2G16 expression 
was associated with ER status (P=0.054), and patients with 
higher expression of PLA2G16 were less likely to be ER 
negative (Table 1). High expression of PLA2G16 exhibited 
a borderline correlation with smaller tumor size (P=0.066). 
Subsequently, we analysed the association between tumor 
size and PLA2G16 expression in the subgroups which 
were classified by the status of ER and HER2. However, 
there were no significant associations between them in any 
subgroups (Supplementary Table S1). 

High PLA2G16 expression is associated with improved 
disease-free survival in breast cancer patients

The correlation between clinicopathological variables 
and DFS was evaluated by univariate and multivariate 
analysis. As shown in Table 2, PLA2G16 was significantly 

associated with prolonged DFS in breast cancer patients. 
Furthermore, we used Kaplan-Meier analysis to evaluate 
the prognostic value of PLA2G16 for DFS and OS in all 
patients. As shown in Figure 2, PLA2G16 overexpression 
was significantly associated with prolonged DFS (P=0.032; 
Figure 2A) and trending associated with improved OS 
(P=0.166; Figure 2B). Moreover, consistent results between 
PLA2G16 expression and OS were obtained in several 
subgroups (Supplementary Figure S1). However, the analysis 
from the Kaplan-Meier Plotter database showed that the 
overexpression of PLA2G16 was correlated with both 
improved DFS (P=3×10-8; Figure 3A) and OS (P=7.3×10-4;  
Figure 3B). Considering that the peak of recurrence time 
is 7–10 years for luminal subtype breast cancer (16) and 
the 94.38-month median follow-up time of our cohort, we 
speculated that the recruitment of more patients with longer 
follow-up time may help to determine the association of 
PLA2G16 overexpression and OS of breast cancer patients 
in the future. 

PLA2G16 is an independent prognostic factor in  
HER2-positive breast cancer

To further investigate the role of PLA2G16 expression in 
breast cancer with different receptor status, we conducted 
the analyses in patients with different ER and HER2 status. 
Interestingly, in the 95 cases with positive HER2 status, we 
found that PLA2G16 expression was correlated with ER 
status (P=0.021; Table 3). More importantly, there was a 
statistical association between elevated PLA2G16 expression 
and prolonged DFS in this subgroup (P=0.026; Table 4 
and P=0.018; Figure 4A). PLA2G16 was found to be an 
independent prognostic indicator only in HER2-positive 
breast cancer [hazard ratio (HR) =0.151; 95% confidence 
interval (CI) =0.034–0.672; P=0.013; Figure 4, Figure S1 and 
Table 4], which is consistent with the Kaplan-Meier Plotter 
database (Figure 5). Notably, high PLA2G16 expression had a 
borderline correlation with better survival in the ER-negative 
breast cancer patients (Figure 4D). 

Discussion 

In this study, we demonstrated that overexpression of 
PLA2G16 is correlated with better DFS in breast cancer 
patients, which is supported by KM-Plotter database and 
consistent with that in ovarian carcinoma (5). PLA2G16 
inhibits the growth of ovarian carcinoma (5), cervical (17) 
and testicular carcinoma cell (10). It was also reported that 
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Table 1 Correlation between clinicopathological variables and expression of PLA2G16 in 183 cases of breast cancer 

Variables Number of patients (%)
PLA2G16

Pa

Low expression N (%) High expression N (%)

Total 183

Age 0.992

≤50 years 103 54 (29.5) 49 (26.8)

>50 years 80 42 (23.0) 38 (20.8)

Menstrual status 0.132

Premenopausal 113 54 (29.5) 59 (32.2)

Postmenopausal 70 42 (23.0) 28 (15.3)

Tumor size 0.066

≤2 cm 84 38 (20.8) 46 (25.1)

>2, ≤5 cm 86 53 (29.0) 33 (18.0)

>5 cm 8 2 (1.1) 6 (3.3)

NA 5 3 (1.6) 2 (1.1)

Lymph node status 0.521

Negative 88 44 (24.0) 44 (24.0)

Positive 95 52 (28.4) 43 (23.5)

Grade 0.267

I 2 1 (0.5) 1 (0.5)

II 129 63 (34.4) 66 (36.1)

III 51 32 (17.5) 19 (10.4)

NA 1 1 (0.0) 1 (0.5)

ER status 0.054

Negative 104 61 (33.3) 43 (23.5)

Positive 79 35 (19.1) 44 (24.0)

PR status 0.98

Negative 105 55 (30.1) 50 (27.3)

Positive 78 41 (22.4) 37 (20.2)

HER2 status 0.698

Negative 88 47 (25.8) 41 (22.5)

Positive 95 49 (26.8) 46 (25.1)

Subtypeb 0.369

Luminal 91 42 (46.2) 49 (53.8)

HER-2 Enrichment 47 28 (59.6) 19 (40.4)

TNBC 45 26 (57.8) 19 (42.2)

a, based on Pearson's χ2 test. b, definition of subtypes: luminal (ER and/or PR positive), HER-2 enrichment (ER and PR negative,  
HER-2 positive), and TNBC (ER negative, PR negative, and HER-2 negative). ER, estrogen receptor; PR, progesterone receptor; HER-2, 
human epidermal growth factor receptor 2; PLA2G16, Group XVI phospholipase A2; TNBC, triple negative breast cancer; NA, not available.
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Figure 1 Representative PLA2G16 immunohistochemical staining is shown at low (100×) and high (400×) magnification. Scale bars are  
200 and 50 µm in the low and high magnification images, respectively.

Table 2 Univariate and multivariate analysis of disease-free survival in whole breast cancer patients

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age 1.053 (0.552–2.006) 0.876 0.865 (0.399–1.875) 0.713

Menstrual status 1.135 (0.942–1.367) 0.183 1.248 (1.015–1.534) 0.036

Tumor size 1.002 (0.560–1.790) 0.996 0.797 (0.403–1.575) 0.514

Lymph node status 1.516 (0.795–2.892) 0.206 1.904 (0.912–3.975) 0.086

Grade 1.108 (0.567–2.163) 0.764 0.808 (0.378–1.725) 0.581

ER status 0.550 (0.281–1.076) 0.081 0.400 (0.121–1.319) 0.132

PR status 0.724 (0.375–1.401) 0.338 1.278 (0.395–4.128) 0.682

HER2 status 0.686 (0.355–1.327) 0.263 0.725 (0.352–1.495) 0.384

PLA2G16 0.475 (0.236–0.956) 0.037 0.483 (0.231–1.008) 0.053

HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2.
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Figure 2 PLA2G16 overexpression is correlated with improved DFS in patients with breast cancer. Cumulative DFS (A) and OS (B) 
of breast cancer patients with high or low PLA2G16 expression (number of patients with high PLA2G16 expression=87, number of 
events=183). DFS, disease-free survival; OS, overall survival.
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Figure 3 PLA2G16 overexpression indicated better DFS in breast cancer from the Kaplan-Meier Plotter database. Cumulative DFS (A) and 
OS (B) of breast cancer patients with high or low PLA2G16 expression from the Kaplan-Meier Plotter database. DFS, disease-free survival; 
OS, overall survival.
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PLA2G16 suppresses invasion in testicular carcinoma (18) 
and induces apoptosis in ovarian carcinoma (7). However, 
PLA2G16 is also labeled as an oncogene in several other 
cancers. PLA2G16 was found to increase proliferation of non-
small cell lung cancer (15) and promote metastasis and drug 
resistance in osteosarcoma (19) and its overexpression was 
associated with poor prognosis in both of them. Therefore, 
PLA2G16 may be a tumor type specific biomarker, the role of 
PLA2G16 in different types of tumors may be related with the 
status of receptors or hormones as indicated in this study. 

In further study, we classified the specimens into several 
subgroups based on the ER and HER2 status. Interestingly, 
we found that PLA2G16 overexpression was correlated with 
better prognosis in the HER2-positive specimens, which 
supported by the Kaplan-Meier Plotter database (Figure 5). 

As we all know, approximately 20–30% of primary human 
breast cancer to be HER2 positive, due to overexpression 
and/or gene ampli f icat ion of  HER2 gene.  HER2 
overexpression induces cell growth, proliferation and survival 
via stimulated RAS/MAPK and PI3K signal pathways (20,21). 
Trastuzumab is considered to be a primary treatment for 
HER2 positive breast cancer patients. However, alternative 
mechanism which can activate RAS/MAPK signal pathway 
may lead to trastuzumab resistance in these patients (5). 
PLA2G16 is first identified as a tumor suppressor to inhibit 
HRAS induced transformation, cell proliferation, colony 
formation, and promote apoptosis (8,9,22,23). PLA2G16 
exerts its anti-RAS activity through its PLA/AT activity to 
decrease the steady state levels of H-RAS palmitoylation 
in cervical cancer cells (17) and the suppression of RAS by 
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Table 3 Correlation between clinicopathological variables and PLA2G16 expression in 94 HER2-positive cases

Variables Number of patients (%)
PLA2G16

Pa

Low expression N (%) High expression N (%)

Total 94

Age 0.847

≤50 years 50 26 (27.7) 24 (25.5)

>50 years 44 22 (23.4) 22 (23.4)

Menstrual status 0.398

Premenopausal 51 24 (25.5) 27 (28.7)

Postmenopausal 43 24 (25.5) 19 (20.2)

Tumor size 0.066

≤2 cm 31 14 (14.9) 17 (18.1)

>2, ≤5 cm 56 32 (34.0) 24 (25.5)

>5 cm 4 0 (0.0) 4 (4.3)

NA 3 2 (2.1) 1 (1.1)

Lymph node status 0.697

Negative 41 20 (21.3) 21 (22.3)

Positive 53 28 (29.8) 25 (26.6)

Grade 0.306

I 70 34 (36.2) 36 (38.3)

II 23 14 (14.9) 9 (10.0)

NA 1 0 (0.0) 1 (1.1)

ER status 0.021

Negative 60 36 (38.3) 24 (25.5)

Positive 34 12 (12.8) 22 (23.4)

PR status 0.619

Negative 61 30 (31.9) 31 (33.0)

Positive 33 18 (19.1) 15 (16.0)

a, based on Pearson’s χ2 test. ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2; 
PLA2G16, Group XVI phospholipase A2; NA, not available.

PLA2G16 could be eliminated by AACOCF3 and MAFP 
(6,17). In ovarian carcinoma, PLA2G16 binds to p65 to 
induce apoptosis and its overexpression correlates with 
better prognosis (7). Taken together, we speculated that 
PLA2G16 may play a role in inhibiting cell growth or 
inducing apoptosis in breast cancer. It may also antagonize 
the resistance of trastuzumab by inhibiting RAS in HER2-
positive breast cancer cells. 
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Table 4 Univariate and multivariate analysis of disease-free survival in HER2-positive patients

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age 0.486 (0.152–1.551) 0.223 0.190 (0.033–1.100) 0.064 

Menstrual status 0.882 (0.306–2.543) 0.817 2.825 (0.615–12.979) 0.182 

Tumor size 0.929 (0.348–2.480) 0.882 1.046 (0.300–3.647) 0.944 

Lymph node status 1.437 (0.533–3.874) 0.474 2.093 (0.660–6.641) 0.210 

Grade 0.714 (0.199–2.560) 0.605 0.239 (0.041–1.390) 0.111 

ER status 1.006 (0.348–2.904) 0.992 1.101 (0.282–4.292) 0.890 

PR status 1.920 (0.673–5.474) 0.222 1.521 (0.398–5.812) 0.540 

PLA2G16 0.230 (0.063–0.836) 0.026 0.151 (0.034–0.672) 0.013 

HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2.

Figure 4 PLA2G16 overexpression is an indicator of better DFS in HER2-positive patients. Cumulative DFS curves of HER2-positive (A) 
and negative (B) breast cancer patients with high or low PLA2G16 expression. Cumulative DFS curves of ER-positive (C) and negative (D) 
breast cancer patients with high or low PLA2G16 expression. DFS, disease-free survival.
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Table S1 Correlation between tumor size and the expression of PLA2G16 in different groups of the183 breast cancer specimens

Variables Number of patients (%)
PLA2G16

Pa

Low expression N (%) High expression N (%)

HER2+ 95 0.138

Tumor size

≤2 cm 32 15 (15.8) 17 (17.9)

>2, ≤5 cm 56 32 (33.7) 24 (25.3)

>5 cm 4 0 (0.0) 4 (4.2)

NA 3 2 (2.1) 1 (1.1)

HER2- 88 0.164

Tumor size

≤2 cm 52 23 (26.1) 29 (33)

>2, ≤5 cm 30 21 (23.9) 9 (10.2)

>5 cm 4 2 (2.3) 2 (2.3)

NA 2 1 (1.1) 1 (1.1)

ER+ 79 0.176

Tumor size

≤2 cm 50 19 (24.1) 31 (39.2)

>2, ≤5 cm 28 16 (20.3) 12 (15.2)

>5 cm 1 0 (0.0) 1 (1.3)

ER- 104 0.34

Tumor size

≤2 cm 34 19 (18.3) 15 (14.4)

>2, ≤5 cm 58 37 (35.6) 21 (20.2)

>5 cm 7 2 (1.9) 5 (4.8)

NA 5 3 (2.9) 2 (1.9)

HER2-ER- 44 0.661

Tumor size

≤2 cm 21 10 (22.7) 11 (47.7)

>2, ≤5 cm 18 12 (27.3) 6 (13.6)

>5 cm 3 2 (4.5) 1 (2.3)

NA 2 1 (2.3) 1 (2.3)

a, based on Pearson’s χ2 test. ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; PLA2G16, Group XVI 
phospholipase A2; NA, not available.

Supplementary



Figure S1 Elevated expression of PLA2G16 displays a trending association with prolonged OS and DFS in different subgroups of breast cancer. OS, overall survival; DFS, disease-free survival.
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