
Frontiers in Oncology | www.frontiersin.org

Edited by:
Shengtao Zhou,

Sichuan University, China

Reviewed by:
Weidong Han,

Sir Run Run Shaw Hospital, China
Yuting He,

First Affiliated Hospital of Zhengzhou
University, China

*Correspondence:
Xing Huang

huangxing66@zju.edu.cn
Zheng-sheng Wu

woozson@yahoo.com

†ORCID ID:
Xing Huang

orcid.org/0000-0002-8886-2777

‡These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Women's Cancer,
a section of the journal
Frontiers in Oncology

Received: 17 November 2020
Accepted: 18 October 2021

Published: 03 November 2021

Citation:
Zhang G, Sun Y, Wu Z-s and Huang X

(2021) Clinical Relevance and
Prognostic Value of the Neuronal

Protein Neuroligin 2 in Breast Cancer.
Front. Oncol. 11:630257.

doi: 10.3389/fonc.2021.630257

ORIGINAL RESEARCH
published: 03 November 2021

doi: 10.3389/fonc.2021.630257
Clinical Relevance and Prognostic
Value of the Neuronal Protein
Neuroligin 2 in Breast Cancer
Gang Zhang1‡, Yi Sun2‡, Zheng-sheng Wu2* and Xing Huang1,3*†

1 Zhejiang Provincial Key Laboratory of Pancreatic Disease, The First Affiliated Hospital, School of Medicine, Zhejiang
University, Hangzhou, China, 2 Department of Pathology, Anhui Medical University, Hefei, China, 3 The Key Laboratory of
Developmental Genes and Human Disease, Institute of Life Sciences, Southeast University, Nanjing, China

Neuroligin 2 (NLGN2) is a well-recognized transmembrane scaffolding protein that
functions in synapse development and neuronal signal transduction. It has recently
been implicated in multiple diseases of peripheral ectodermal origin. However, the
potential roles of NLGN2 in tumors remain ill-defined. The aim of this study was to
determine the clinical relevance and prognostic value of NLGN2 in breast cancer. To this
end, breast cancer datasets were extracted from TCGA and other public databases, and
subjected to Kaplan-Meier potter for survival analysis, GEPIA2 for assessing the
immunological relevance of NLGN2 and THPA for identifying its subcellular localization.
The in-silico results were further validated by immunohistochemistry analysis of in-house
tumor tissue specimens. NLGN2 was identified as a prognostic factor in breast cancer
subtypes, and its high expression correlated to a favorable survival outcome. Moreover,
NLGN2 overexpression in breast cancer was significantly associated with large tumor
size, lymph node metastasis, late TNM stage, and high histological grade. Interestingly,
there was a significant correlation between the expression level of NLGN2 and the
immunomodulatory molecules, along with increased interstitial infiltration of lymphocytes.
Furthermore, NLGN2 was predominantly localized in the mitochondria of breast cancer
cells. In conclusion, NLGN2 has a prognostic role and immunoregulatory potential in
breast cancer, and its functions likely have a mitochondrial basis. It is a promising
therapeutic target in breast cancer and should be explored further.

Keywords: neuroligin 2, cancer biomarker, breast cancer, clinical relevance, prognostic factor, cancer
immunity, mitochondria
Abbreviations: NLGN2, neuroligin 2; NRXN, neurexin; KM Plotter, Kaplan-Meier Plotter; OS, overall survival; HR, hazard
ratio; GEPIA, Gene Expression Profiling Interactive Analysis; THPA, The Human Protein Atlas; ER, estrogen receptor; PR,
progesterone receptor; HER2, Erb-B2 receptor tyrosine kinase 2; TP53, tumor protein p53; L1CAM, L1 cell adhesion molecule;
peroxisome proliferator-activated receptor g coactivator-1, PGC1a.
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INTRODUCTION

The incidence of breast cancer has increased steadily from 2005 to
2016 due to a combination of lifestyle-related factors and genetic
predisposition (1, 2). It currently accounts for 30% of all newly
diagnosed cancers, and is the leading cause of cancer-related
mortality among females (3). Notwithstanding, the death rate of
breast cancer continues todecline, anddropped to40% intheperiod
between 1989 and 2017, and averted an estimated 375900 breast
cancer-related deaths in the United States (4). This trend is largely
attributed to the earlydiagnosis andnovel therapeutic strategies that
consider the inherent molecular heterogeneity between individual
patients (5). In fact, ~70-80% breast cancer patients present with
early-stage disease that is either confined to the breast or spread to
the axillary lymph nodes, and is considered curable. The prognoses
of the remaining metastatic patients have also improved
considerably due to locoregional and systemic therapies targeted
against the specific subtypes that are classified on the basis of both
histological andmolecular characteristics, including triple-negative,
HER2-enriched non-luminal, luminal B-like HER2+, luminal B-
like HER2-, and luminal A-like subjects (5, 6). Nevertheless, the
existing treatment strategies cannot completely cure the metastatic
subtype even after improving patient survival. Studies increasingly
show that the immune systemgreatly influences therapeutic efficacy
and patient prognoses (5). The immune microenvironment
consisting of activated CD8+ and CD4+ T cells exert an anti-
cancer role during tumor initiation but turn pro-tumorigenic
during invasive growth. Therefore, in addition to the established
prognosticmarkers (e.g., p-STAT3,HER2 and LDH)have of breast
cancer (7–9), immunologically favorable biomarkers are also
needed to guide the choice and administration of therapeutic
strategy for breast cancer patients.

Neuroligin 2 (NLGN2) is an important post-synaptic neural cell
adhesion protein and the only member of the neuroligin family that
functions exclusively at GABAergic inhibitory synapses (10). The
neurological functions of NLGN2 are well documented, and mainly
dependon its interactionswith themembersof theneurexin (NRXN)
family (11–15). The trans-synaptic interactions of NLGN2 with
NRXNs, as well as the postsynaptic interactions with Cb and
gephyrin, recruit GABAARs and gephyrin to the synapses, which
regulates the formation and strength of inhibitory synapse and
balances the inhibitory and excitatory neuronal networks (10, 12).
Mutations and genetic variations in NLGN2 are related to several
neurocognitive diseases, such as motor incoordination, social
impairment, aggression, schizophrenia, anxiety, depression and
intellectual disability (11, 16–18). For instance, the local removal of
NLGN2 from adult medial prefrontal cortex neurons decreased
inhibitory synaptic transmission, resulting in considerable
behavioral impairment. Moreover, functional knockdown of
NLGN2 in dopamine D1-positive cells facilitated subordination
and stress susceptibility, while that in dopamine D2-positive cells
regulated active defensive behavior. Interestingly, there is emerging
evidence of non-neurological functions of NLGN2 in the peripheral
tissues. For instance, Zhang et al. reported that theNLGN2expressed
on pancreatic beta-cells promotes normal insulin secretion through
transcellular interactions (19). Pergolizzi et al. found that NLGN2
expressed in vascular endothelial cells regulates angiogenesis by
Frontiers in Oncology | www.frontiersin.org 2
inducing release of vascular factors (20). In addition, Yang et al.
showed that down-regulation of NLGN2 in the ganglion colon
segment is associated with excessive intestinal contraction and
increased risk of Hirschsprung disease (21). However, the potential
involvement of NLGN2 in peripheral tumors remains poorly
identified so far.

In this study, we analyzed the potential role of NLGN2 in breast
cancer, which is under partial neuroendocrine neoplastic growth.
We assessed the expression levels and prognostic values of NLGN2
in the open-access genome and proteome datasets of breast cancer,
and validated the in-silico bioinformatics results with in-house
patient tissue samples. We also investigated the role of NLGN2 in
the overall survival of patients with different breast cancer subtypes,
its correlation with local immunomodulatory molecules and cells,
as well as its intracellular localization.
MATERIALS AND METHODS

Patient Tissue Sample Collection
One hundred paraffin-embedded breast tumor specimens were
collected from patients that underwent surgery at the First
Affiliated Hospital of Anhui Medical University (Hefei, Anhui,
China) between 2017 and 2021. The acquisition of patient tissue
samples and all procedures used in this study were approved by
the Ethics Committee of Anhui Medical University. Informed
consent was obtained from each patient, and the specimen usage
was in line with the Declaration of Helsinki.

Kaplan-Meier Survival Analysis
The prognostic value of NLGN2 in breast cancer was assessed
with the Kaplan-Meier Plotter (KM Plotter, http://kmplot.com/
analysis) (22), an online database with gene expression profiles
and overall survival (OS) data of cancer patients. The respective
patient cohorts, including 1764 cases of breast cancer available
on KM Plotter, were divided into the NLGN2high and NLGN2low

groups based on the median mRNA expression levels, and their
survival rates and duration were analyzed using the Kaplan-
Meier survival plots. Hazard ratio (HR), 95% confidence interval
(95% CI) and log-rank p value were calculated, and p < 0.05 was
considered statistically significant.

Gene Expression Profiling
Interactive Analysis
The correlationsbetweenNLGN2expression andmultiple immune
signatures were assessed by Gene Expression Profiling Interactive
Analysis (GEPIA, http://gepia2.cancer-pku.cn, version 2) (23). The
raw RNA-Seq data downloaded from TCGA and GTEx databases
were processed with the UCSC Xena project following a standard
analysis pipeline to avoid data imbalance and ineffective differential
analyses. The pair-wise correlations were calculated by Spearman
analysis, and p < 0.05 was considered statistically significant.

Immunohistochemistry Analysis
The in-situ expressions of NLGN2, CD3 and CD8 proteins in
paraffin-embedded breast tumor tissue sections were examined
November 2021 | Volume 11 | Article 630257
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by immunohistochemistry as previously described (24) with
rabbit anti-NLGN2 (1:200, bs-11098R, Bioss), anti-CD3
(1:1000, 60181-1-Ig, Proteintech) and anti-CD8 (1:1000,
66868-1-Ig, Proteintech) polyclonal antibodies. Five random
fields were viewed per slide under high power. The NLGN2
staining intensity in the tumor cells (graded 0–3) and the
percentage of stained cells (0 - no tumor cells positive; 1 -
10%–25% positive cells, 2 - 25%–50%, and 3 > 50%) were
recorded, and multiplied to obtain the staining index ranging
from 0 to 9 (25). Samples with staining indices 0-3 and >3 were
designated as NLGN2low and NLGN2high, respectively. The
number of infiltrating CD3 and CD8 positive cells in the
tumor stroma were scored (1 - 0 ~ 25, 2 - 26 ~ 50, 3 - 51 ~ 75,
and 4 > 75) at 400× final magnification (26), and the samples
were classified as low expressing and high expressing based on
positive cell count of 1 and 2 ~ 4 respectively.

Subcellular Location Analysis by THPA
The NLGN2 immunofluorescence images of multiple cell lines
were acquired from The Human Protein Atlas (THPA, http://
www.proteinatlas.org) (27), after authorization by the HPA team
for the use for specific and scientific publication.

Statistical Analysis
SPSS22.0 was used for data analysis. Chi-square test was used to
compare variables, and the correlation between factors was
assessed by the Spearman method. P < 0.05 was considered
statistically significant.

Availability of Data and Materials
The results shown in this study are based onTCGAResearchNetwork
(https://www.cancer.gov/tcga), THPA (v18.1.proteinatlas.org), and
IHC staining. All datasets analyzed during the current study are
available in TCGA (http://cancergenome.nih.gov) and THPA (http://
www.proteinatlas.org). All other data generated during the current
study are included in this published article. Further information is
available from the corresponding authors upon reasonable request.
RESULTS

NLGN2 Overexpression Is Favorable for
the Survival of Breast Cancer Patients
To determine the prognostic relevance of NLGN2 in breast
cancer, patients from multiple breast cancer datasets (totally
1764 subjects) were classified into the NLGN2high and NLGN2low

groups, and their survival was analyzed using KM Plotter (28).
As shown in Figure 1A, the NLGN2high patients had significantly
longer overall survival compared to the NLGN2low group (HR,
0.59; 95%CI, 0.5 to 0.69; p < 0.05), including those post-treated
(HR, 0.51; 95%CI, 0.41 to 0.64; p < 0.05) (Figure 1B). The
favorable prognostic function of NLGN2 was also confirmed for
the basal (HR, 0.72; 95%CI, 0.52 to 1; p < 0.05) (Figure 1C),
luminal A (HR, 0.65; 95%CI, 0.5 to 0.83; p < 0.05) (Figure 1D),
and luminal B (HR, 0.54; 95%CI, 0.39 to 0.73; p < 0.05)
(Figure 1E) subtypes. In contrast, higher expression of NLGN2
Frontiers in Oncology | www.frontiersin.org 3
was not conductive to the survival of the HER2+ breast cancer
patients (HR, 0.59; 95%CI, 0.5 to 0.69; p > 0.05) (Figure 1F).
Taken together, unlike the currently established breast cancer
biomarkers, elevated NLGN2 indicates favorable prognosis for
breast cancer patients with the basal, luminal A, and luminal
B phenotypes.

The Prognostic Value of NLGN2 for
Specific Molecular Subtypes of
Breast Cancer
To further determine the clinical pertinence of NLGN2 in breast
cancer, we assessed its prognostic performance in different
intrinsic subtypes with or without the estrogen receptor (ER),
progesterone receptor (PR) and Erb-B2 receptor tyrosine kinase
2 (HER2) expression. NLGN2 overexpression was not associated
with prognosis in the ER negative (-) patients (HR, 0.97; 95%CI,
0.7 to 1.36; p > 0.05) (Figure 2A) and PR- patients (HR, 1.07;
95%CI, 0.75 to 1.53; p > 0.05) (Figure 2B). In contrast, elevated
NLGN2 expression was related to prolonged survival in HER2-
patients (HR, 0.7; 95%CI, 0.52 to 0.95; p < 0.05) (Figure 2C),
which was not observed in the ER-/PR-/HER2- patients (HR,
1.18; 95%CI, 0.68 to 2.04; p > 0.05) (Figure 2D). In addition,
there was no significant correlation between NLGN2 and OS in
patients with wild type tumor protein p53 (TP53) (HR, 1.46; 95%
CI, 0.63 to 3.42; p > 0.05) (Figure 2E) or mutated TP53 (HR,
0.87; 95%CI, 0.48 to 1.58; p > 0.05) (Figure 2F). Thus, the
upregulation of NLGN2 is associated with better prognosis in
HER2- breast cancer as opposed to other molecular subtypes.

NLGN2 Is a Favorable Biomarker in Breast
Cancer Patients Without Tumor Lymph
Node Metastasis
Given the relevance of tumor metastasis and pathological
grading in the survival of breast cancer patients, we next
analyzed the relationship between NLGN2 expression and the
status of tumor lymph node metastasis or tumor grades. NLGN2
was identified as a favorable prognostic factor in the tumor
lymph node non-metastatic (-) patients (HR, 0.65; 95%CI, 0.44
to 0.97; p < 0.05) (Figure 3A), but not in the tumor lymph node
metastatic (+) patients (HR, 0.92; 95%CI, 0.72 to 1.19; p > 0.05)
(Figure 3B). Surprisingly, the expression of NLGN2 was not
correlated with the survival of patients diagnosed as Grade 1
(HR, 0.73; 95%CI, 0.25 to 2.1; p > 0.05) (Figure 3C), Grade 2
(HR, 1.18; 95%CI, 0.71 to 1.97; p > 0.05) (Figure 3D) and Grade
3 (HR, 0.81; 95%CI, 0.6 to 1.11; p > 0.05) (Figure 3E). Taken
together, NLGN2 expression correlates to the metastasis of breast
cancer as opposed to pathological grading.

NLGN2 Positively Correlates With the
Immunomodulatory Signature in
Breast Cancer
Since immune regulation is a key factor in cancer progression, we also
analyzed the potential influence of NLGN2 on breast cancer
immunity to better understand its prognostic role. Intriguingly,
NLGN2 expression was closely related to levels of critical immune
effector molecules, including IFNG (Figure 4A) and GZMB
November 2021 | Volume 11 | Article 630257
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(Figure 4B). At the cellular landscape, NLGN2 correlated
significantly with signatures of crucial subpopulations of tumor-
infiltrating lymphocytes (29), including but not limited to cytotoxic
T cells (CD3/CD8) (Figure 4C), helper T cells (CD3/CD4)
(Figure 4D), B cells (CD19/CD20) (Figure 4E), macrophages
(CD14/CD11b/HLA-DR) (Figure 4F), NK cells (CD16/CD56/
NKG2D) (Figure 4G), and dendritic cells (CD135/Flt3/CD117/
CD26/CD103) (Figure 4H). Taken together, these findings
indicated that NLGN2 might have an immune system-dependent
role in breast cancer, and the prognostic significance of NLGN2 is
likely due to its correlation with a favorable immune signature.
Frontiers in Oncology | www.frontiersin.org 4
Expression of NLGN2 Is Associated With
Clinicopathological Features and Tumor
Infiltrating CD3+ and CD8+ T Lymphocytes
in Breast Cancer
To validate the in-silico prognostic data of NLGN2 in breast
cancer, we next analyzed its in-situ expression levels in patient
tissue samples by IHC staining. NLGN2 was highly expressed in
75% (75/100) of the tumor samples, and its expression level was
significantly associated with tumor size, lymph node metastasis,
TNM stage and histological grade (all p < 0.05), but not with
patient age or the expression levels of ER, PR and HER2 (all p >
A B

C

E

D

F

FIGURE 1 | NLGN2 is a prognostic factor of breast cancer. (A) Prognostic analysis of NLGN2 in breast cancer. (B) Prognostic analysis of NLGN2 in post-treated
breast cancer. (C) Prognostic analysis of NLGN2 in basal breast cancer. (D) Prognostic analysis of NLGN2 in luminal A breast cancer. (E) Prognostic analysis of
NLGN2 in luminal B breast cancer. (F) Prognostic analysis of NLGN2 in HER2+ breast cancer. The HR and log rank p values are indicated in each panel, and p <
0.05 is statistically significant.
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FIGURE 2 | NLGN2 is favorable for HER2- breast cancer patients. (A) Prognostic analysis of NLGN2 in ER- breast cancer. (B) Prognostic analysis of NLGN2 in PR-
breast cancer. (C) Prognostic analysis of NLGN2 in HER2- breast cancer. (D) Prognostic analysis of NLGN2 in ER-/PR-/HER2- breast cancer. (E) Prognostic
analysis of NLGN2 in TP53 wild type breast cancer. (F) Prognostic analysis of NLGN2 in TP53 mutated breast cancer. The HR and log rank p values are indicated in
each panel, and p < 0.05 is statistically significant.
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FIGURE 3 | NLGN2 is favorable in lymph node non-metastatic breast cancer patients. (A) Prognostic analysis of NLGN2 in lymph node- breast cancer.
(B) Prognostic analysis of NLGN2 in lymph node+ breast cancer. (C) Prognostic analysis of NLGN2 in Grade 1 breast cancer. (D) Prognostic analysis of NLGN2 in
Grade 2 breast cancer. (E) Prognostic analysis of NLGN2 in Grade 3 breast cancer. The HR and log rank p values are indicated in each panel, and p < 0.05 is
statistically significant.
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FIGURE 4 | NLGN2 correlates with immune signatures in breast tumor. (A) Correlation analysis of NLGN2 and IFNG in breast cancer (BRCA). (B) Correlation
analysis of NLGN2 and GZMB in BRCA. (C) Correlation analysis of NLGN2 and Cytotoxic T cell signatures in BRCA. (D) Correlation analysis of NLGN2 and Helper T
cell signatures in BRCA. (E) Correlation analysis of NLGN2 and B cell signatures in BRCA. (F) Correlation analysis of NLGN2 and Macrophage cell signatures in
BRCA. (G) Correlation analysis of NLGN2 and NK cell signatures in BRCA. (H) Correlation analysis of NLGN2 and Dendritic cell signatures in BRCA. The p values
and R coefficient are indicated in each panel, and p < 0.05 is statistically significant.
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0.05) (Figure 5 and Table 1). To determine the correlation
between NLGN2 and lymphocytes infiltration, the tumor tissues
with differential NLGN2 expression were immuno-stained with
anti-CD3 and anti-CD8 polyclonal antibodies. As shown in
Figure 5 and Table 2, 82.7% (62/75) and 74.7% (56/75) of the
NLGN2high samples had an abundance of CD3+ and CD8+ cells
infiltration, while 44% (11/25) and 72% (18/25) of the NLGN2low
Frontiers in Oncology | www.frontiersin.org 8
samples showed significantly decreased CD3+ and CD8+ T cell
infiltration, respectively. Thus, NLGN2 expression was
significantly correlated with the interstitial infiltration of both
CD3+ and CD8+ T lymphocytes (both p < 0.01). These findings
further underscore the close association between NLGN2
expression in breast cancer and the clinicopathological features
as well as lymphocytes infiltration.
FIGURE 5 | Association of the expression levels of NLGN2, CD3 and CD8 in breast cancer. Representative images of immunohistochemical staining showing in situ
expression of NLGN2, CD3 and CD8 in breast cancer tissue specimens. Left panels, low expression of NLGN2 in breast tumor tissue, and CD3+ and CD8+ T cells
in the same tissue. Right panels, high expression of NLGN2 in breast tumor tissue, and CD3+ and CD8+ T cells in the same tissue. The arrows point to CD3+ or
CD8+ lymphocytes. All photos are at 400× original magnification.
November 2021 | Volume 11 | Article 630257
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NLGN2 Is Located in the Mitochondria of
Peripheral Breast Cancer Cells
As shown in Figure 5, the CD3+ and CD8+ lymphocytes were
mainly distributed in the interstitial tissue, whereas NLGN2 was
primarily localized in the cytoplasm rather than the plasma
membrane of normal and malignant breast epithelial cells. Since
the spatial distribution of a protein is a determinant of its function
and mechanism, we further assessed the distribution of NLGN2 in
breast cancer cells using the THPA database based on integrated
multiple analyses (27). Interestingly, NLGN2 expression was
predominantly localized in the mitochondria of the MCF7 breast
cancer cell line (Figure 6A). Moreover, the unusual positioning of
NLGN2 in mitochondria was also observed in several other tumor
and normal cell lines, including U2OS (Figure 6B), U251MG
(Figure 6C) and NIH3T3 (Figure 6D). Mitochondrion is a major
determinant of cancer cell growth and patient survival due to its
pivotal roles in metabolite transport, energy production, apoptosis
induction, and the immune stimulation (30). We therefore
hypothesize that the mitochondrial localization of NLGN2 is
instrumental to its prognostic role in breast cancer, and should be
Frontiers in Oncology | www.frontiersin.org 9
explored further, especially from the perspectives of
immunoregulation and immunotherapy.

DISCUSSION

Studies increasingly showneurological involvement in cancer onset
and progression, and the nascent field of cancer neurobiology is a
promising avenue for the development of innovative cancer
therapeutic strategies (31). Peripheral neurotransmitter signals
have been reported to regulate the development of pancreatic,
colon, gastric, breast, prostate, oral, head and neck, glioma, ovary
as well as skin tumors in preclinical models through direct or
indirect interactions with the tumor or its microenvironment (31,
32). For example, themicroenvironmental synapse proteinNLGN3
stimulates glioma growth by activating multiple oncogenic
pathways (e.g., focal adhesion kinase activated upstream of PI3K-
mTOR) and inducing transcriptional changes (e.g., upregulation of
synapse-related genes in glioma cells) (33, 34). In addition, the L1
cell adhesion molecule (L1CAM), an axonal glycoprotein involved
in neuronalmigration and differentiation, was recently identified as
TABLE 1 | The relationship between NLGN2 expression and the clinicopathological features of breast cancer patients.

Parameter n NLGN2 P value

Low expression High expression

Age (years) 0.63
< 50 36 10 (27.8%) 26 (72.2%)
≥ 50 64 15 (23.4%) 49 (76.6%)

Tumor size (cm) 0.01
< 5 85 23 (27.1%) 62 (72.9%)
≥ 5 15 2 (13.3%) 13 (86.7%)

Lymph node metastasis 0.03
+ 38 5 (13.2%) 33 (86.8%)
- 62 20 (32.3%) 42 (67.7%)

Grade 0.02
I and II 64 21 (32.8%) 43 (67.2%)
III 36 4 (11.1%) 32 (88.9%)

Stage < 0.01
I and II 77 11 (14.3%) 66 (85.7%)
III 23 14 (60.9%) 9 (39.1%)

ER 0.08
+ 70 14 (20.0%) 56 (80.0%)
- 30 11 (36.7%) 19 (63.3%)

PR 0.19
+ 63 13 (20.6%) 50 (79.4%)
- 37 12 (32.4%) 25 (67.6%)

Her-2 0.13
0 ~ 1 + 43 14 (32.6%) 29 (67.4%)
2 + ~ 3 + 57 11 (19.3%) 46 (80.7%)
November 2021 | Volume 11 | Article
ER, PR, and HER2 data were obtained from patients’ pathology records.
TABLE 2 | The relationship between NLGN2 expression and CD3+ and CD8+ tumor infiltrating lymphocytes.

n Tumor infiltrating CD3+ lymphocyte P value Tumor infiltrating CD8+ lymphocyte P value

Low level High level Low level High level

NLGN2 < 0.01 < 0.01
Low expression 25 11 (44.0%) 14 (56.0%) 18 (72.0%) 7 (28.0%)
High expression 75 13 (17.3%) 62 (82.7%) 19 (25.3%) 56 (74.7%)
630257
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anoncogene that is overexpressed in colon andovarian cancers, and
associated with increased invasion and poor prognosis (35–37).
Through in-silico assessment and further validation, we found here
that the neuronal protein NLGN2 has significant clinical relevance
and prognostic value in breast cancer. NLGN2 is upregulated in
breast tumor tissues and correlates with higher survival rates. More
importantly, to the best of our knowledge, this is the first study to
demonstrate the mitochondrial location of NLGN2 and its
association with immune signatures.

Mitochondria are the bioenergetic and metabolic centers of
eukaryotic cells (38, 39), and regulate their proliferation,
differentiation and death (40, 41). In addition, metabolic alterations
in the mitochondria affect catabolic processes like apoptosis,
autophagy and necrosis in cancer cells (42). Recent studies show
that the mitochondria influence both innate and adaptive immune
responses during tumor onset or progression by regulating T cell
Frontiers in Oncology | www.frontiersin.org 10
activation,memoryCD8+cell formation,CD4+Tcelldifferentiation,
B cell function, macrophage polarization, dendritic cells and
inflammasome activation (40, 41, 43). However, metabolic
reprograming of tumor cells leads to hypoxia and nutrient
deficiency in the tumors, thereby triggering mitochondrial
dysfunction in the immune cells and impairing their functions
(40). Restoring glycolysis in the context of glucose deprivation
boosts anticancer response of the tumor infiltrating lymphocytes.
Prolyl hydroxy lase2deficient T cells with increased glycolytic activity
due to HIF1a stabilization showed stronger tumoricidal effects
compared to their wildtype counterparts. In addition, the
deficiency of peroxisome proliferator-activated receptor g
coactivator-1 (PGC1a) in multiple cancers (e.g., colon and breast
cancer) impairs mitochondrial biogenesis in the infiltrating T cells,
leading to mitochondrial dysfunction and reduced T cell-mediated
cytotoxicity (40, 44). The anti-tumor effects of these T cells can be
A

B

C

D

FIGURE 6 | NLGN2 is localized in the mitochondria of multiple cancer and normal cells. (A–D) Representative immunofluorescence images showing NLGN2
localization in (A) MCF7 breast adenocarcinoma cells, (B) U2OS osteosarcoma cells, (C) U251MG glioblastoma cells, and (D) NIH3T3 mouse embryonic fibroblast
cells. Green: NLGN2; Blue: Nucleus.
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restored by rescuingmitochondria via ectopic PGC1a expression. In
another study, adoptively transferred melanoma-specific CD8+ T
cells induced a stronger anti-cancer response following selective
removal of cells with low mitochondrial membrane potential.
These findings suggest that mitochondrial dysfunction of immune
cells can be reversed by restoring cancer cell metabolism, resulting in
improved function and infiltration. Accordingly, it is rational to
surmise that the mitochondrial location of NLGN2 is critical for its
prognostic role in breast cancer, and the close association between
NLGN2, mitochondria and immune signatures in breast cancer
indicates that NLGN2 may play an immunoregulatory role by
reversing mitochondrial dysfunction. Of note, we concluded the
immunological relevance of NLGN2 in breast cancer solely
through immunohistochemical staining of CD3+ and CD8+ T cells
in the tumor tissues. Therefore, the comprehensive relationship
between NLGN2 and immunological changes in the tumor
microenvironment, as well as the mechanisms underlying
mitochondrial involvement, remain to be elucidated by further gain
or loss-of-function assays.

CONCLUSIONS

NLGN2 expression level in breast tumors is associated with
molecular subtypes, metastatic statues, immunomodulatory
signatures and lymphocyte infiltration. The prognostic role of
NLGN2 may be attributed to its mitochondrial location, and the
mechanism warrants further investigation to consider NLGN2-
targeted therapeutic strategy against breast cancer.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding authors.
Frontiers in Oncology | www.frontiersin.org 11
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Anhui Medical University.
The patients/participants provided their written informed
consent to participate in this study.
AUTHOR CONTRIBUTIONS

XH conceived this study. XH, GZ, and YS collected the data. XH
and Z-sW analyzed and interpreted the data. XH and GZ wrote
and revised the manuscript. YS and Z-sW discussed the
manuscript and provided inputs. GZ and YS contributed
equally to the study. XH and Z-sW supervised the study and
share the senior authorship. All authors contributed to the article
and approved the submitted version.
FUNDING

This study was funded by grants from the National Natural
Science Foundation of China (31970696 and 81502975 to XH;
81972472 to Z-sW), China Postdoctoral Science Foundation
(2016T90413 and 2015M581693 to XH), and Natural Science
Foundation of Anhui (2008085MH276 to Z-sW).
ACKNOWLEDGMENTS

The authors would like to sincerely thank the open-access
databases and web servers for data collection, and for the
provision of data processing and customizable functions.
REFERENCES

1. Rojas K, Stuckey A. Breast Cancer Epidemiology and Risk Factors. Clin Obstet
Gynecol (2016) 59:651–72. doi: 10.1097/GRF.0000000000000239

2. N Howlader, A N, M Krapcho, D Miller, A Brest, M Yu, et al eds. SEER Cancer
Statistics Review, 1975-2017, National Cancer Institute. Bethesda, MD, United
States (2020). Available at: https://seer.cancer.gov/csr/1975_2017/. based on
November 2019 SEER data submission, posted to the SEER web site, April 2020.

3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68:394–
424. doi: 10.3322/caac.21492

4. DeSantis CE, Ma J, Gaudet MM, Newman LA, Miller KD, Goding Sauer A,
et al. Breast Cancer Statistics, 2019. CA Cancer J Clin (2019) 69:438–51.
doi: 10.3322/caac.21583

5. Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami N, Poortmans P,
et al. Breast Cancer. Nat Rev Dis Primers (2019) 5:66. doi: 10.1038/s41572-
019-0111-2

6. Parker JS, Mullins M, Cheang MC, Leung S, Voduc D, Vickery T, et al.
Supervised Risk Predictor of Breast Cancer Based on Intrinsic Subtypes. J Clin
Oncol (2009) 27:1160–7. doi: 10.1200/jco.2008.18.1370

7. Radenkovic S, Konjevic G, Gavrilovic D, Stojanovic-Rundic S, Plesinac-
Karapandzic V, Stevanovic P. Pstat3 Expression Associated With Survival
and Mammographic Density of Breast Cancer Patients. Pathol Res Pract
(2019) 215:366–72. doi: 10.1016/j.prp.2018.12.023

8. Radenkovic S, Konjevic G, Isakovic A, Stevanovic P, Gopcevic K, Jurisic V.
HER2-Positive Breast Cancer Patients: Correlation Between Mammographic
and Pathological Findings. Radiat Prot Dosimetry (2014) 162:125–8.
doi: 10.1093/rpd/ncu243

9. Jurisic V, Radenkovic S, Konjevic G. The Actual Role of LDH as Tumor
Marker, Biochemical and Clinical Aspects. Adv Exp Med Biol (2015) 867:115–
24. doi: 10.1007/978-94-017-7215-0_8

10. Ali H, Marth L, Krueger-Burg D. Neuroligin-2 as a Central Organizer of
Inhibitory Synapses in Health and Disease. Sci Signal (2020) 13:eabd8379.
doi: 10.1126/scisignal.abd8379

11. Kim JV, Megat S, Moy JK, Asiedu MN, Mejia GL, Vagner J, et al. Neuroligin 2
Regulates Spinal GABAergic Plasticity in Hyperalgesic Priming, a Model of
the Transition From Acute to Chronic Pain. Pain (2016) 157:1314–24.
doi: 10.1097/j.pain.0000000000000513

12. Liang J, Xu W, Hsu YT, Yee AX, Chen L, Südhof T C, et al. Conditional
Neuroligin-2 Knockout in Adult Medial Prefrontal Cortex Links Chronic
Changes in Synaptic Inhibition to Cognitive Impairments. Mol Psychiatr
(2015) 20:850–9. doi: 10.1038/mp.2015.31

13. Zhang B, Chen LY, Liu X, Maxeiner S, Lee SJ, Gokce O, et al. Neuroligins Sculpt
Cerebellar Purkinje-Cell Circuits by Differential Control of Distinct Classes of
Synapses. Neuron (2015) 87:781–96. doi: 10.1016/j.neuron.2015.07.020
November 2021 | Volume 11 | Article 630257

https://doi.org/10.1097/GRF.0000000000000239
https://seer.cancer.gov/csr/1975_2017/
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21583
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.1200/jco.2008.18.1370
https://doi.org/10.1016/j.prp.2018.12.023
https://doi.org/10.1093/rpd/ncu243
https://doi.org/10.1007/978-94-017-7215-0_8
https://doi.org/10.1126/scisignal.abd8379
https://doi.org/10.1097/j.pain.0000000000000513
https://doi.org/10.1038/mp.2015.31
https://doi.org/10.1016/j.neuron.2015.07.020
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. NLGN2 as a Prognostic Factor of Breast Cancer
14. Takacs VT, Freund TF, Nyiri G. Neuroligin 2 Is Expressed in Synapses
Established by Cholinergic Cells in the Mouse Brain. PloS One (2013) 8(9):
e72450. doi: 10.1371/journal.pone.0072450

15. Bemben MA, Shipman SL, Nicoll RA, Roche KW. The Cellular and Molecular
Landscape of Neuroligins. Trends Neurosci (2015) 38:496–505. doi: 10.1016/
j.tins.2015.06.004

16. Heshmati M, Aleyasin H, Menard C, Christoffel DJ, Flanigan ME, Pfau ML,
et al. Cell-Type-Specific Role for Nucleus Accumbens Neuroligin-2 in
Depression and Stress Susceptibility. P Natl Acad Sci USA (2018) 115:1111–
6. doi: 10.1073/pnas.1719014115

17. Parente DJ, Garriga C, Baskin B, Douglas G, Cho MT, Araujo GC, et al.
Neuroligin 2 Nonsense Variant Associated With Anxiety, Autism, Intellectual
Disability, Hyperphagia, and Obesity. Am J Med Genet A (2017) 173:213–6.
doi: 10.1002/ajmg.a.37977

18. Sudhof TC. Neuroligins and Neurexins Link Synaptic Function to Cognitive
Disease. Nature (2008) 455:903–11. doi: 10.1038/nature07456

19. Zhang C, Suckow AT, Chessler SD. Altered Pancreatic Islet Function and
Morphology in Mice Lacking the Beta-Cell Surface Protein Neuroligin-2. PloS
One (2013) 8(6):e65711. doi: 10.1371/journal.pone.0065711

20. Pergolizzi M, Bizzozero L, Riccitelli E, Pascal D, Samarelli AV, Bussolino F,
et al. Modulation of Angiopoietin 2 Release From Endothelial Cells and
Angiogenesis by the Synaptic Protein Neuroligin 2. Biochem Biophys Res
Commun (2018) 501:165–71. doi: 10.1016/j.bbrc.2018.04.204

21. Yang H, Niu J, Wang J, Zhang F, Zhang Q, Zhang W, et al. The Down-
Regulation of Neuroligin-2 and the Correlative Clinical Significance of Serum
GABA Over-Expression in Hirschsprung’s Disease. Neurochem Res (2014)
39:1451–7. doi: 10.1007/s11064-014-1334-y

22. Nagy A, Lanczky A, Menyhart O, Gyorffy B. Validation of miRNA Prognostic
Power in Hepatocellular Carcinoma Using Expression Data of Independent
Datasets. Sci Rep (2018) 8:9227. doi: 10.1038/s41598-018-27521-y

23. Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: An Enhanced Web Server
for Large-Scale Expression Profiling and Interactive Analysis. Nucleic Acids
Res (2019) 47:W556–60. doi: 10.1093/nar/gkz430

24. Wu ZS, Yang K, Wan Y, Qian PX, Perry JK, Chiesa J, et al. Tumor Expression
of Human Growth Hormone and Human Prolactin Predict a Worse Survival
Outcome in Patients With Mammary or Endometrial Carcinoma. J Clin
Endocrinol Metab (2011) 96:E1619–29. doi: 10.1210/jc.2011-1245

25. Chambers JT, Carcangiu ML, Voynick IM, Schwartz PE. Immunohistochemical
Evaluation of Estrogen and Progesterone Receptor Content in 183 Patients With
Endometrial Carcinoma. Part II: Correlation Between Biochemical and
Immunohistochemical Methods and Survival. Am J Clin Pathol (1990) 94:255–
60. doi: 10.1093/ajcp/94.3.255

26. Ziai J,GilbertHN, ForemanO,Eastham-Anderson J,ChuF,HuseniM, et al. CD8
+ T Cell Infiltration in Breast and Colon Cancer: A Histologic and Statistical
Analysis. PloS One (2018) 13:e0190158. doi: 10.1371/journal.pone.0190158

27. Thul PJ, Åkesson L, Wiking M, Mahdessian D, Geladaki A, Ait Blal H, et al. A
Subcellular Map of the Human Proteome. Science (2017) 356(6340).
doi: 10.1126/science.aal3321

28. Lappe J, Watson P, Travers-Gustafson D, Recker R, Garland C, Gorham E,
et al. Effect of Vitamin D and Calcium Supplementation on Cancer Incidence
in Older Women: A Randomized Clinical Trial. JAMA (2017) 317:1234–43.
doi: 10.1001/jama.2017.2115

29. Savas P, Salgado R, Denkert C, Sotiriou C, Darcy PK, Smyth MJ, et al. Clinical
Relevance of Host Immunity in Breast Cancer: From TILs to the Clinic. Nat
Rev Clin Oncol (2016) 13:228–41. doi: 10.1038/nrclinonc.2015.215

30. Galluzzi L, Kepp O, Trojel-Hansen C, Kroemer G. Mitochondrial Control of
Cellular Life, Stress, and Death. Circ Res (2012) 111:1198–207. doi: 10.1161/
CIRCRESAHA.112.268946
Frontiers in Oncology | www.frontiersin.org 12
31. Faulkner S, Jobling P, March B, Jiang CC, Hondermarck H. Tumor
Neurobiology and the War of Nerves in Cancer. Cancer Discov (2019)
9:702–10. doi: 10.1158/2159-8290.CD-18-1398

32. Monje M, Borniger JC, D'Silva NJ, Deneen B, Dirks PB, Fattahi F, et al.
Roadmap for the Emerging Field of Cancer Neuroscience. Cell (2020)
181:219–22. doi: 10.1016/j.cell.2020.03.034

33. Venkatesh HS, Tam LT, Woo PJ, Lennon J, Nagaraja S, Gillespie SM, et al.
Targeting Neuronal Activity-Regulated Neuroligin-3 Dependency in High-
Grade Glioma. Nature (2017) 549:533–7. doi: 10.1038/nature24014

34. Venkatesh HS, Johung TB, Caretti V, Noll A, Tang Y, Nagaraja S, et al.
Neuronal Activity Promotes Glioma Growth Through Neuroligin-3 Secretion.
Cell (2015) 161:803–16. doi: 10.1016/j.cell.2015.04.012

35. Doberstein K, Milde-Langosch K, Bretz NP, Schirmer U, Harari A, Witzel I,
et al. L1CAM is Expressed in Triple-Negative Breast Cancers and is Inversely
Correlated With Androgen Receptor. BMC Cancer (2014) 14:1471–2407/14/
958. doi: 10.1186/1471-2407-14-958

36. Kiefel H, Bondong S, Hazin J, Ridinger J, Schirmer U, Riedle S, et al. L1CAM
AMajor Driver for Tumor Cell Invasion and Motility. Cell Adhes Migr (2012)
6:374–84. doi: 10.4161/cam.20832

37. Gavert N, Ben-Shmuel A, Raveh S, Ben-Ze’ev A. L1-CAM in Cancerous
Tissues. Expert Opin Biol Th (2008) 8:1749–57. doi: 10.1517/1471259080
2435801

38. Zhang X, Su Q, Zhou J, Yang Z, Liu Z, Ji L, et al. To Betray or to Fight? The
Dual Identity of the Mitochondria in Cancer. Future Oncol (2021) 17:723–43.
doi: 10.2217/fon-2020-0362

39. Zheng HC. The Molecular Mechanisms of Chemoresistance in Cancers.
Oncotarget (2017) 8:59950–64. doi: 10.18632/oncotarget.19048

40. Mehta MM, Weinberg SE, Chandel NS. Mitochondrial Control of
Immunity: Beyond ATP. Nat Rev Immunol (2017) 17:608–20. doi: 10.1038/
nri.2017.66

41. Weinberg SE, Sena LA, Chandel NS. Mitochondria in the Regulation of Innate
and Adaptive Immunity. Immunity (2015) 42:406–17. doi: 10.1016/
j.immuni.2015.02.002

42. Fulda S, Galluzzi L, Kroemer G. Targeting Mitochondria for Cancer Therapy.
Nat Rev Drug Discov (2010) 9:447–64. doi: 10.1038/nrd3137

43. Mills EL, Kelly B, O’Neill LAJ. Mitochondria are the Powerhouses of
Immunity. Nat Immunol (2017) 18:488–98. doi: 10.1038/ni.3704

44. Villena JA. New Insights Into PGC-1 Coactivators: Redefining Their Role in
the Regulation of Mitochondrial Function and Beyond. FEBS J (2015)
282:647–72. doi: 10.1111/febs.13175

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhang, Sun, Wu and Huang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
November 2021 | Volume 11 | Article 630257

https://doi.org/10.1371/journal.pone.0072450
https://doi.org/10.1016/j.tins.2015.06.004
https://doi.org/10.1016/j.tins.2015.06.004
https://doi.org/10.1073/pnas.1719014115
https://doi.org/10.1002/ajmg.a.37977
https://doi.org/10.1038/nature07456
https://doi.org/10.1371/journal.pone.0065711
https://doi.org/10.1016/j.bbrc.2018.04.204
https://doi.org/10.1007/s11064-014-1334-y
https://doi.org/10.1038/s41598-018-27521-y
https://doi.org/10.1093/nar/gkz430
https://doi.org/10.1210/jc.2011-1245
https://doi.org/10.1093/ajcp/94.3.255
https://doi.org/10.1371/journal.pone.0190158
https://doi.org/10.1126/science.aal3321
https://doi.org/10.1001/jama.2017.2115
https://doi.org/10.1038/nrclinonc.2015.215
https://doi.org/10.1161/CIRCRESAHA.112.268946
https://doi.org/10.1161/CIRCRESAHA.112.268946
https://doi.org/10.1158/2159-8290.CD-18-1398
https://doi.org/10.1016/j.cell.2020.03.034
https://doi.org/10.1038/nature24014
https://doi.org/10.1016/j.cell.2015.04.012
https://doi.org/10.1186/1471-2407-14-958
https://doi.org/10.4161/cam.20832
https://doi.org/10.1517/14712590802435801
https://doi.org/10.1517/14712590802435801
https://doi.org/10.2217/fon-2020-0362
https://doi.org/10.18632/oncotarget.19048
https://doi.org/10.1038/nri.2017.66
https://doi.org/10.1038/nri.2017.66
https://doi.org/10.1016/j.immuni.2015.02.002
https://doi.org/10.1016/j.immuni.2015.02.002
https://doi.org/10.1038/nrd3137
https://doi.org/10.1038/ni.3704
https://doi.org/10.1111/febs.13175
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Clinical Relevance and Prognostic Value of the Neuronal Protein Neuroligin 2 in Breast Cancer
	Introduction
	Materials and Methods
	Patient Tissue Sample Collection
	Kaplan-Meier Survival Analysis
	Gene Expression Profiling Interactive Analysis
	Immunohistochemistry Analysis
	Subcellular Location Analysis by THPA
	Statistical Analysis
	Availability of Data and Materials

	Results
	NLGN2 Overexpression Is Favorable for the Survival of Breast Cancer Patients
	The Prognostic Value of NLGN2 for Specific Molecular Subtypes of Breast Cancer
	NLGN2 Is a Favorable Biomarker in Breast Cancer Patients Without Tumor Lymph Node Metastasis
	NLGN2 Positively Correlates With the Immunomodulatory Signature in Breast Cancer
	Expression of NLGN2 Is Associated With Clinicopathological Features and Tumor Infiltrating CD3+ and CD8+ T Lymphocytes in Breast Cancer
	NLGN2 Is Located in the Mitochondria of Peripheral Breast Cancer Cells

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


