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GJB3 promotes pancreatic
cancer liver metastasis by
enhancing the polarization
and survival of neutrophil

Yanmiao Huo1†, Yaoqi Zhou1†, Jiahao Zheng1†, Guangxin Jin2†,
Lingye Tao1, Hongfei Yao1, Junfeng Zhang1*, Yongwei Sun1*,
Yingbin Liu1* and Li-Peng Hu1*

1State Key Laboratory of Oncogenes and Related Genes, Department of Biliary-Pancreatic Surgery,
Shanghai Cancer Institute, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University,
Shanghai, China, 2Department of Interventional Oncology, Renji Hospital, School of Medicine,
Shanghai Jiao Tong University, Shanghai, China
Connexins are membrane expressed proteins, which could assemble into

hexamers to transfer metabolites and secondary messengers. However, its roles

in pancreatic cancer metastasis remains unknown. In this study, by comparing the

gene expression patterns in primary pancreatic cancer patients primary and liver

metastasis specimens, we found that Gap Junction Protein Beta 3 (GJB3)

significantly increased in Pancreatic ductal adenocarcinoma (PDAC) liver

metastasis. Animal experiments verified that GJB3 depletion suppressed the

hepatic metastasis of PDAC cancer cells. Further, GJB3 over expression

increased the neutrophil infiltration. Mechanistic study revealed that GJB3 form

channels between PDAC tumor cells and accumulated neutrophil, which transfer

cyclic adenosine monophosphate (cAMP) from cancer to neutrophil cells, which

supports the survival and polarization. Taken together, our data suggesting that

GJB3 could act as a potential therapeutic target of PDAC liver metastasis.

KEYWORDS
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Introduction

Pancreatic ductal adenocarcinoma is one of the most devastating malignant tumors,

with a 5-years survival rate less than 10% and six-month median survival time (1, 2). The

poor survival rate is partly owing to its highly distant metastasis (3). The liver is the major

destination organ of the disseminated PDAC tumor cells, over 50% PDAC patients

suffered with liver metastasis, which lost the chance of operation treatment and without

effective treatment strategies currently (4). Thus, there is an unmet demand for
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investigating the liver metastasis mechanism of PDAC to pave

the road to potential targets.

Connexins are proteins that form homomeric or

heteromeric hexamers channels, which named as connexons

(5). Connexin family is composed by 21 members, which could

be further divide into a and b two subtypes (6). Connexins

major act as channels to transport small metabolites such as

nucleotide, glutamate and glucose between cells (7). There are

many functions of connexins in human pathology: Mutation of

the GJB2, GJB3 and GJB6 could leading to the hearing loss (8),

GJB1 mutations in Schwann cells results in demyelinating

diseases (9), GJA1mutation in keratinocytes causing in skin

disorders (10). As for the connexins roles in cancer biology

presents as context-dependent effects. At the beginning,

connexins were reported as tumor suppressor. They can

suppress the growth of glioma and hepatocarcinoma (11, 12).

In recent decades, researchers showed that connexins could

enhance the invasion ability in melanoma and chemotherapy

resistant in lung cancer (13). However, most of proceeding

researches focus on the effects to tumor cells themselves. The

function and mechanism of connexin regulating tumor

microenvironment remain largely unknown, especially in

pancreatic cancer.

In this study, we aimed to dissect the contributions of

connexins in PDAC liver metastasis. By assessing the connexin

family protein in liver metastasis datasets, we found GJB3

expression significantly increased in PDAC liver metastasis and

associated PDAC poor prognosis. Further animal studies showed

that GJB3 depletion alleviated the liver metastasis by suppressing

the amounts and function of tumor associated neutrophil.

Mechanism studies showed that GJB3 could transfer cAMP

from metastasis PDAC to the neutrophils, which prompting the

polarization and survive, resulting in PDAC immune-escape and

liver metastasis progress. In summary, GJB3 constitutes a novel

pharmaceutically accessible target for both prevention and

treatment in PDAC liver metastasis.
Material and method

Cell culture

Human PDAC cell line PANC-1 and murine PDAC cell line

KPC1199 were obtained from Shanghai Cancer Institute, Ren Ji

Hospital, School of Medicine, Shanghai Jiao Tong University

and underwent verification in January 2020 by Shanghai Cancer

Institute and regular testing (every 3 months) to ensure no

contamination with the Mycoplasma. Cells were cultured in the

Dulbecco’s modified Eagle’s medium (DMEM) suggested by

American Type Culture Collection (ATCC) protocols
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supplemented with 10% fetal bovine serum (FBS) and 1%

penicillin/streptomycin (P/S) at 37°C in a humidified

incubator with 5% CO2. Cells were maintained at

subconfluence and passaged using 0.05% trypsin/EDTA.
Mouse models for liver metastasis
of PDAC

KPC1199 cells (2 × 106 cells) resuspended in 20 mL PBS were
injected into the spleen of C57BL/6N male mice (6-8-week-old)

using an insulin syringe under 2.5% isoflurane inhalation

anesthesia after surgical exposure of spleen. PBS was used as

negative control. Four weeks after injection, the mice were

sacrificed, and the liver were dissected, weighed photographed

and fixed with 4% paraformaldehyde.
Flow cytometry

Liver tissue were collected at day 7, 14 and 4 weeks after

tumor cells intra-splenic injection. The liver was perfused with

Liver perfusion medium (Gibco, #17701-038), dissociated by

Liver Digest Medium (Gibco, #17703-034), then filtered by 70-

mm strainer. Single cell suspensions were centrifuged at 60 g for

1 min and cells in suspension were collected. To detect the

existence of immune cells and platelets in liver metastatic tumor,

the single cell suspensions were incubated with a mix of pre-

labelled antibodies which contained immune cell and platelet

markers for surface staining for 30 min at 4°C. After two washes

with PBS, the cell suspensions were treated with BD Cytofix/

Cytoperm™ solution (BD, #554722) and wash buffer (BD,

#554723). Cells were then stained with Zombie Aqua™

Fixable Viability Kit (Biolegend, #423101). Flow cytometry

analyses were carried out on a BD LSR-Fortessa (Becton

Dickinson) and FlowJo v.10.4.2 was used for further analysis.
Hematoxylin and eosin staining

The livers of mice were removed and fixed with 10%

formalin to prepare paraffin-embedded tissue sections (5 mm).

Eight 5 µm sections spaced 100 µm apart at the largest coronal

section were evaluated in each mouse. Hematoxylin and eosin

(H&E) staining were conducted and microscopic counting was

applied. The average number of nodules on each section was

taken as the final number of liver metastatic nodules. The

nodules with the largest diameter above and below 500 mm
were counted separately. Liver metastatic tumor area on sections

was counted with image J. N = 5 mice per group.
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Immunohistochemistry

Immunohistochemistry (IHC) were performed routinely.

Immunohistochemical staining was performed on the TMA

and paraffin sections as previously described. Briefly, the slices

were deparaffinized and rehydrated. The sections were blocked

in 10% BSA and then incubated with primary antibodies

overnight at 4°C and with HRP conjugated secondary

antibodies for 1 hour at room temperature. Then sections were

then treated with DAB substrate (Thermo, #S21024-2) and

counterstained by hematoxylin.
Lentivirus production and cell
transduction

The cDNA encoding mouse GJB3, and shRNA constructs

against mice GJB3 and scrambled sequences were purchased

from GeneCopoeia (Shanghai, China). Lentivirus particles were

generated using the psPAX2 and pMD2.G packaging system.

Lentivirus packaging was performed in 293T cells with

Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to

standard protocols. Cells were infected with 1 × 106 recombinant

lentivirus-transducing units in the presence of 6 mg/ml

polybrene (Sigma-Aldrich, #H9268). Twenty-four hours after

infection, cells were treated with 5 mg/ml puromycin

(Gibco, #A1113802). The overexpression or knockdown cells

were selected in the presence of 5mg/ml puromycin for 5 days for

stable cell lines. The puromycin-resistant cells were passaged and

the knockdown or overexpression efficiency of GJB3 was verified

by real-time qPCR and western blotting.
Western blotting

Total proteinwas collected fromcells or tissues inRIPA lysis and

extraction buffer (Beyotime, Shanghai, China) with 1 × Omplete™

Protease Inhibitor Cocktail (Roche, #4693116001) and 1×

phosphatase inhibitors (Roche, #04906845001). Protein

concentration was quantified using a BCA protein assay Kit (Pierce

Biotechnology). Proteins in the lysates were separated by sodium

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and

transferred to nitrocellulose (NC) membranes. Next, membranes

were blockedwith 5% skimmedmilk and incubated overnight at 4°C

with one of the following antibodies: GJB3 (1:1000, proteintech,

#12880-1-AP) and anti-beta-actin (1:3000, Abways, #AB0035). The

next day, the membranes were incubated with species-specifc goat

anti-mouse (1:10000, Jackson ImmunoResearch, 115-035-003) or

goat anti-rabbit (1:10000, Jackson ImmunoResearch, 111-035-003)

secondary antibodies for 1 hour at room temperature. Bands were

detected by the Odyssey imaging system (LI-COR Biosciences,

Lincoln, NE) using enhanced chemiluminescence (ECL,

KeyGen Biotech).
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Quantitative Real-time PCR

Total RNA was extracted from indicated cells using RNAiso

Plus (Takara, #9108Q), and the PrimeScript™ RT Master Mix

(Takara, RR036A) was used to synthesize cDNAs according to the

manufacturer’s instructions. Quantitative real-time PCR analyses

were performed with SYBR Premix Ex Taq (Takara, Japan) on a

7500 Real-time qPCR system (Applied Biosystems) at the

recommended thermal cycling settings: an initial cycle at 95 °C

for 15 min followed by 40 cycles of 15 sec at 94 °C and 30 sec at

60 °C. Relative mRNA expression was calculated by normalizing

with the b-actin gene expression according to 2(−DDCt) method.

Sequences of specific primers were listed below:b-actin:
forward sequence GGATTCCATACCCAAGAAGGA; reverse

sequence GAAGAGCTATGAGCTGCCTGA; GJB3 :

forward sequence CCTCCTCCTATGGACTGCCC; reverse

sequence AAGGCCGTGAAGTCTGGGATA; b-ACTIN: forward
sequence CATGTACGTTGCTATCCAGGC; reverse sequence

CTCCTTAATGTCACGCACGAT;
CAMP quantification

The cAMP quantification was performed as according to the

manufactures’ guidelines Briefly, GJB3 negative control or

shGJB3 PDAC cells were seeded into six-well plates and

cultured for 48 hours, with triplicate samples for each

condition. Changes in cAMP concentration were determined

using the cAMP-Glo Assay (Promega), which was further

quantified by using the MassHunter package.
CAMP transfer

For cancer cell-neutrophil transfer, the shNC and shGJB3

knockdown PDAC cell lines were seeded as monolayer, which

was further incubated with 2 µM fluo-cAMP (Biolog Life Science

Institute) at 37°C for 30 min. cAMP- labeled PDAC cells were

washed three times with PBS, and then the neutrophil (recipient)

were added into the cell culture plates and incubated for 5 hours,

then, the neutrophil was isolated from co-culture, washed with

PBS, and cAMP transfer was quantified by measurement of total

fluorescence using a Tecan fluorescent plate reader.
Cell viability assay

Cell viability was measured using a cell counting Kit-8

(CCK-8, Dojindo Molecular Technologies, Japan, #CK04).

OV-Vector or OV-GJB3 KPC1199 cells were seeded into 96-

well plates and co-cultured with platelets for 72 hours in the

presence of 2% FBS. At day0, 1,2 3, and 4, CCK-8 was added into
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the plates with shNC or shGJB3 cells and which incubated 1hr,

following in OD 450 nm Measurement by using microplate

reader (BIO-TEK).
Statistical analysis

Statistical analysis for each experiment was performed using

SPSS 22.0 for Windows (version 22.0, SPSS Inc., Chicago, IL,

USA). Unpaired two-tailed independent samples t-test and the

paired t-test were used to estimate statistically significant

differences between the two groups, respectively. One-way

analysis of variance (ANOVA) followed by two-tailed post hoc

Tukey’s multiple comparison test was used for multiple

comparisons. All data were presented as the means ± SD if not

indicated. P < 0.05 was considered statistically significant.
Results

GJB3 expression upregulated in PDAC
liver metastasis and associated with poor
prognosis

To investigating the roles of connexin protein in liver

metastasis, we analyzed the expression of total 21 connexins

family member in PDAC liver metastasis dataset. We found only

two member of b subtype GJB3 and GJB7 mRNA expression are

dramatically up-regulated in liver metastasis, when compared to

primary PDAC and normal liver tissues (Figure 1A). Further, the

normalized transcriptome of specimen showed that the based

mRNA expression of GJB3 was much higher than GJB7

(Figures 1B, C). Additionally, the expression changes of GJB3

among liver metastasis and primary PDAC much more obvious

than that GJB7 (Figures 1B, C). Next, the clinical prognosis

association of GJB3 and GJB7 with PDAC was analyzed by

Kaplan–Meier. The analysis results showed GJB3 expression

significantly associated with overall survival and diseases free

survival. Compared to the GJB3 high group patients, GJB3 low

group patients extended 10 months’ overall survival time and

diseases free survival time (Figure 1D). As for GJB7, the patient’s

survival time presented no difference among GJB7 high and low

expression group (Figure 1E). Furthermore, we detected the

GJB3 expression by immunohistochemistry (IHC) staining. The

IHC results showed GJB3 barely expressed in normal liver tissue

only slightly expressed in normal pancreas tissue. In the primary

PDAC and liver metastasis, GJB3 exhibited strong expression

and presented step by step up-regulation from normal pancreas,

primary PDAC to liver metastasis. Together, these results

indicated GJB3 play an important role in the progression of

PDAC liver metastasis.
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GJB3 depletion suppressed PDAC liver
metastasis in vivo

Next, to investigate the function of GJB3 in PDAC liver

metastasis, we established mice PDAC liver metastasis by

injected Luc expressed PDAC mice cell line KPC1199 into

the spleen (Figure 2A). We thus established stable GJB3

knockdown cell line by infected with shGJB3 lenti-virus. The

knockdown efficiency was analyzed at both mRNA and protein

level. The real time PCR and immunoblots results showed

GJB3 expression was reduced about 85% by shGJB3 lenti-virus

infection (Figures 2B, C). Then, shNC and shGJB3 expressed

PDAC mice cell lines were used to establish the mice liver

metastasis model. Bioluminescence imaging was used to detect

the liver metastasis progress. The bioluminescence images

indicated that GJB3 depletion greatly reduced the liver

metastasis burden in mice (Figure 2D). The bioluminescence

total flux data showed that shGJB3 cell developed liver

metastasis exhibited about 40% reduced (Figure 2E), when

compared to the shNC group mice. Resected liver

measurement showed that weight of liver derived from

shGJB3 group mice showed 30% less than negative control

group mice (Figure 2F). Then, the metastases livers were fixed

and sliced, following hematoxylin and eosin (H&E) staining

(Figure 2G). The metastases liver area was calculated. The

statistical results also indicated that GJB3 knockdown alleviate

the liver metastasis in mice model. Moreover, the tumor cell

growth index was measured by PCNA IHC staining.

Consistently, the silencing of GJB3 dramatically suppressed

the growth of tumor cell in the liver metastasis (Supplementary

Figure 1) Further, we compared the overall survival time of

shNC and shGJB3 group mice by Kaplan–Meier analysis and

found that the median survival time of mice extend form 31

days to 41 days upon GJB3 silenced. In summary, GJB3

knockdown impeded PDAC liver metastasis in mice.
GJB3 promotes neutrophil accumulation
in the PDAC liver metastasis

Next, to gain insights into the mechanism of how GJB3

regulate PDAC liver metastasis. We firstly evaluated whether the

GJB3 could directly affects the proliferation of PDAC tumor cell.

Thus, we measured the cell proliferation of shNC, shGJB3-1 and

shGJB3-2 cells. However, the cell viability assay showed that

there is on difference between control and shGJB3 cells

(Figure 3A). To further confirm, the GJB3 was depleted in

human PDAC cell lines. In line with mice PDAC cell. GJB3

depletion did not affect the growth of human PDAC cell.

(Figure 3A). Moreover, we ectopic expressed GJB3 in both

mice and human PDAC cells. Consistently, GJB3 over-
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expression presented no effect on tumor cell growth. (Figure 3B).

Next, we postulate whether GJB3 could regulate the immune

tumor microenvironment. To this end, the liver specimens was

dived into three group according to the GJB3 expression as high,

middle and low group. We analyzed the immune cell infiltration by

using immune deconvolution methods (14). The estimated score

showed thatmacrophageneutrophil andCD4+Tcellwere themajor

three group cells (Figure 3C). Among these three groups only

neutrophils present significantly difference between GJB3 high and

low liver metastasis tissues. To confirmed this, we dissected the liver
Frontiers in Immunology 05
tissues derived from liver metastasis, flow cytometry data showed

that themounts of neutrophil significantly decreased (Figures 3D,E).

To further confirm this in human liver tissue, GJB3 high and low

expression PDAC liver metastasis specimens were collected and

analyzed by flow cytometry. Similarly, the percentage of tumor

associated neutrophils in GJB3 high is about three times compared

to the GJB3 low expression counterpart (Figures 3F, G).

Taken together, these results suggested GJB3 promotes liver

metastasis by regulating the neutrophils in the PDAC liver

metastasis microenvironment.
A B

D E

F

C

FIGURE 1

The expression of GJB3 in PDAC liver metastasis. (A). The Veen diagram of connexins genes that increased in primary PDAC and liver metastasis
of PDAC. NP, normal pancreas; PDAC, primary pancreatic cancer; NL, normal liver; Met-L, liver metastasis of pancreatic cancer. (B, C). The
normalized mRNA expression of GJB3 and GJB7 in normal pancreas (n = 46), primary pancreatic cancer (n = 145), normal liver (n = 27) and liver
metastasis (n = 25) of pancreatic cancer. (D, E) The overall survival and disease-free survival of GJB3 and GJB7 in the TCGA PDAC cohort.
(F). The IHC staining of GJB3 in normal pancreas, primary pancreatic cancer, normal liver and liver metastasis of pancreatic cancer. Scale bar is
50 mm for the up panel and 20 mm for the down panel. Data presented as mean ± standard deviation. ***P < 0.001.
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GJB3 facilities neutrophil polarization
and survival

Given that the amount of neutrophil increased, we, thus,

evaluated whether GJB3 could affect the recruitment and

survival of neutrophils. The results showed GJB3 knockdown

barely influence the recruitments of tumor cells to neutrophil

(Figure 4A), but greatly reduced the survival of neutrophil

(Figure 4A). To further confirm this, we measured the

apoptosis cell and death inducing signaling complex associated

genes FasL expression. As expected, GJB3 depletion promotes

the neutrophil apoptosis and FasL expression (Figure 4B). To

further characterize the influence of GJB3 on neutrophil, the

mice neutrophil was isolated and co-cultured shNC or shGJB3
Frontiers in Immunology 06
mice PDAC cells. Given that plasticity of neutrophils, the typical

N1 and N2 neutrophil maker genes expression were detected in

neutrophils that co-cultured with control or shGJB3 KPC1199

cells. The real-time PCR indicated that N1 related genes Cd95,

Nos2 and Ccl3 presented greatly up-regulation in neutrophils

that cultured with shGJB3-1 and shGJB3-2 mice PDAC cells

(Figure 4C). As for N2 genes Cd206, Arg2 and Ccl2 exhibited

more than 60% reduction upon GJB3 silenced (Figure 4D).

Considering that the metabolism greatly involved into the

function of immune cells, thus, both the glycolysis and

mitochondrial oxidative phosphorylation were measured

by seahorse assay. Consistently, extracellular acid rate

measurement showed the glycolysis ability significantly

enhanced upon GJB3 knockdown (Figure 4E). On the
A B

D
E F

G IH

C

FIGURE 2

GJB3 depletion suppressed PDAC liver metastasis in mice model (A). Schematic diagram of PDAC mice liver metastasis model. (B). The relative
GJB3 mRNA expression level in shNC, shGJB3-1 and shGJB3-2 KPC1199 cells. (C). The immunoblots of GJB3 in shNC, shGJB3-1 and shGJB3-2
KPC1199 cells. (D). The Bioluminescence imaging of shNC, shGJB3-1 and shGJB3-2 KPC1199 cells generated liver metastasis. (E). The total
bioluminescence total flux of shNC, shGJB3-1 and shGJB3-2 group mice (n = 5). (F). The measurement of liver weight derived from shNC,
shGJB3-1 and shGJB3-2 group mice (n = 5). (G). The Representative H & E staining of liver in shNC, shGJB3-1 and shGJB3-2 group mice. (H).
The statistical results of the area invaded by PDAC cells. (I). The overall survival of mice in shNC, shGJB3-1 and shGJB3-2 group (n = 10). Data
presented as mean ± standard deviation. ***P < 0.001.
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contrary, the oxygen consumption rate dramatically reduced when

cultured with GJB3 depleted mice PDAC cells (Figures 4F, G).

Further, metabolic phenotype analysis showed the metabolism of

neutrophil switched from mitochondrial oxidative phosphorylation
Frontiers in Immunology 07
to glycolysis (Figure 4H). These data indicated that the immune

suppression ability was impaired, and the anti-tumor ability was

strengthened. In summary, the GJB3 facilities neutrophil

polarization and survival in the PDAC liver metastasis.
A B

D E

F G

C

FIGURE 3

GJB3 knockdown reduced the neutrophil accumulation in liver metastasis. (A). Cell proliferation assay of KPC1199 and PANC-1 cell with GJB3
knockdown or not. (B). Cell proliferation assay of KPC1199 and PANC-1 cell with GJB3 ectopic expression or not. (C). The estimation of immune
cells infiltration in the PDAC liver metastasis. (D, E). The flow cytometry of neutrophil infiltrated in the liver from shNC and shGJB3 group mice
(n = 5). (F, G). The flow cytometry of neutrophil infiltrated in the GJB3 high and low expression PDAC liver metastasis specimens (n = 5). Data
presented as mean ± standard deviation. ***P < 0.001. ns, no significance.
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GJB3 transfer cAMP to regulating
neutrophil polarization and survival

Next, we aimed to investigate the mechanism of GJB3

regulate neutrophil. As GJB3 could form a channel to transfer
Frontiers in Immunology 08
metabolites to outside of cells. Thus, we detected the level of

nucleotide, glutamate and glucose upon GJB3 silencing. We

found that the extracellular cAMP level significantly reduced,

and other metabolites barely altered (Figure 5A). Conversely,

ectopic GJB3 expression significantly increased the extracellular
A B

D

E F

G H

C

FIGURE 4

GJB3 facilities neutrophil polarization and survival (A). The relative Cd95, Nos2 and Ccl3 mRNA expression level in neutrophil which co-cultured with
shNC, shGJB3-1 and shGJB3-2 KPC1199 cells. N1- like maker genes. (B). The relative Cd206, Arg2 and Ccl2 mRNA expression level in neutrophil
which co-cultured with shNC, shGJB3-1 and shGJB3-2 KPC1199 cells. (C–E). The extracellular acid rate measurement and oxygen consumption rate
measurement of neutrophil which co-cultured with shNC, shGJB3-1 and shGJB3-2 KPC1199 cells (n = 5). (F). The metabolism phenotype of
neutrophil which co-cultured with shNC, shGJB3-1 and shGJB3-2 KPC1199 cells. (G). The neutrophil recruitment by shNC, shGJB3-1 and shGJB3-2
KPC1199 cells (n = 3). (H, I). The survival and apoptosis neutrophil upon co-cultured with PDAC cells (n = 3). (J). The relative FasL expression level in
neutrophil. Data presented as mean± standard deviation. ***P <0.001. ns, no significance.
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cAMP level (Supplementary Figure 2A). These results indicated

that cAMP potential mediated the neutrophil polarization and

survival. To confirm this hypothesis, we treated neutrophil with

different doses of cAMP and detected the N1/N2 maker genes

expression. As expected, cAMP significantly repressed the N1

related genes expression and the induced N2 related genes

expression (Figure 5B). Next, we evaluated the neutrophil

survival upon treated with cAMP. The ratio of survival

neutrophil increased presented as dose-dependent manner

(Figure 5C). In line with this, the apoptosis cell and death

inducing signaling complex associated genes FasL expression

significantly suppressed by cAMP (Figures 5D, E). Also, cAMP

treatment triggered a metabolic shift from glycolysis to

mitochondrial oxidative phosphorylation (Figure 5F). To

further confirm this, we collected GJB3 high and low

expression liver metastasis tissue and measured the cAMP

level in metastasis microenvironment. And indeed, the cAMP

level in strong GJB3 expression liver metastasis tissues much

higher than that in the weak GJB3 expression liver metastasis

tissues (Supplementary Figure 2B), also more neutrophil

infiltration (Figure 5G). Taken together, GJB3 could transfer

cAMP into the neutrophil to enhance the neutrophil survival

and immune suppression polarization, finally promoted the liver

metastasis of PDAC.
Discussion

Currently, PDAC liver metastasis gradually become the

deadliest threaten for the prognosis and survival (15, 16),

which could not be cured by surgery resection or

chemotherapy. Recently, reshaping the immunosuppressive

environment attracted lots of attention due to the successful

applied of immune checkpoint blockage such as programmed

death ligand-1 (PD-L1) and cytotoxic T-lymphocyte associated

protein 4 (CTLA-4) for therapizing multiple types of tumors

(17). Nowadays, extensive evidence indicated that neutrophils

play crucial roles in tumor metastases, especially for liver and

lung metastasis in gastroenterology cancers (18, 19). However,

how metastasis PDAC tumor cell regulates neutrophils has not

been fully understanding. In this study, we found that GJB3

expressed tumor cells could transfer cAMP into the neutrophils,

which promoting the metabolism reprograming, N1 to N2

switch and survive, which finally promotes the tumor cells

immune escape and PDAC liver metastasis progress.

To date, the roles of connexins in tumorigenesis have been

researched for more than 50 years (20). The proceeding studies

reported the complexity functions of complexity connexins

during the development of cancer. At the beginning, connexin

protein such as Cx43 and Cx32 recognized as tumor suppressor

gene, which could inhibit the embryo cells and glioma

proliferation (21, 22). After 2000, evidence for connexin also

could act as oncogenes gradually presented. Extensive studies
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showed that some connexin proteins such as Cx43 expression

up-regulated in the brain metastases of breast cancer (23), Cx26

greatly expressed in the late-stage tumors (24), and Cx40 could

regulate the angiogenesis to promote cancer metastasis (25).

Consist in this, by analyzing the publicized GEO datasets and

IHC analyzing, we found GJB3 (Cx31) expression significantly

increased in the liver metastasis, when compared to the primary

PDAC tissue, and high GJB3 expression associated with poor

prognosis. Similarly, Yuanlin et al. reported high GJB3

expression associated with an unfavorable prognostic

performance (26). On the contrary, Deqiang et al. reported

that Cx31.1 could suppress non-small cell lung cancer

metastasis by impeding the switch of tumor cell from

mesenchymal towards to epithelial phenotype (27), which

further confirmed that the connexin protein functions and

roles varies in different cancer types. As for the roles of GJB3

in other cancer metastasis need further researches.

Extensive studies reported that neutrophils into the

metastasis tumor microenvironment to promote tumor distant

metastasis (28). Neutrophils could release immunomodulators,

chemokines and complement to enhance the tumor cell

colonization and immune escape, which were greatly regulated

by the metastasis’s tumor cells and local resident stromal cells.

Tumor cell released granulocyte-macrophage colony stimulating

factor to educate the neutrophil, which promoted the

angiogenesis of tumor microenvironment (29). Recently,

Zhiyuan et al. reported that lung mesenchymal stromal cells

produced complement 3 (C3) could recruit the neutrophil and

enhanced the formation of neutrophil extracellular traps (30). In

our work, we found that tumor cell derived metabolites could

also be regulating the neutrophil functions. We found high GJB3

expressed PDAC tumor cell could transport their cAMP to the

neutrophil in the liver metastasis tumor microenvironments,

which promote the survival and polarization. Consist with our

studies, proceeding reports also showed that extracellular

metabolites could play a crucial role in tumor progression.

Pancreatic stellate cell was found could release non-essential

amino acids to fuel the growth of PDAC cells (31). Colorectal

cancer cell could uptake the extracellular phosphocreatine to

satisfy the highly needs of energy (32). In our projects, the cAMP

could promote the survival of neutrophil. In line with this,

Kinsey reported that leukotriene B4 receptor activation on

neutrophil could elevated the cAMP level, which suppressed

the death-inducing signaling complex formation, which reduced

the apoptosis of neutrophil (33). Also, cAMP was reported as a

potent inhibitor of effector tumor-specific T cells (34).

Furthermore, cAMP is involved in Treg-mediated suppression,

resulting in suppressing interleukin (IL)-2 production and

subsequent CD4+ T-cell proliferation (35). Recent studies have

demonstrated that high concentrations of cAMP exist in tumor

cells and tumor-derived endogenous cAMP is responsible for the

induction of T-cell senescence (36, 37). Collectively, these

researches indicated that targeting cAMP could be a potential
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strategy to remodeling the tumor immune microenvironment.

Our data provided a new insight into the regulation of neutrophils

by cancer cell in liver metastasis microenvironment by exhibited

the new way of cAMP to the neutrophil metabolism and survival.
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In summary, our findings delineated that GJB3 could

promotes pancreatic cancer liver metastasis by enhancing the

polarization and survival of neutrophil, which could be sever as a

potential target for PDAC liver metastasis
A

B

D E F

G

C

FIGURE 5

GJB3 transfer cAMP to regulating neutrophil polarization and survival (A). The quantification of metabolites in the culture supernatant from
shNC, shGJB3-1 and shGJB3-2 KPC1199 cells. (B). The relative Cd95, Nos2, Ccl3, Cd206, Arg2 and Ccl2 mRNA expression under KPC cells
treated with 1mm cAMP, 10mm cAMP. (C, D). The survival and apoptosis neutrophil upon treated with different dose of cAMP. (G). The IHC
staining of GJB3 and Ly6G in human liver metastasis specimens. Scale bar is 50 mm. Data presented as mean ± standard deviation. ***P < 0.001.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.983116
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Huo et al. 10.3389/fimmu.2022.983116
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed and

approvedbyRen JiHospital, School ofMedicine, Shanghai JiaoTong

University. The patients/participants provided their written

informed consent to participate in this study. The animal study

was reviewed and approved by Institutional Animal Care and Use

Committee (IACUC) of Shanghai Jiao Tong University.
Author contributions

Conceptualization, YH, YS, YL, and L-PH; Methodology,

YZ, JHZ, GJ, LT, and HY; investigation, YH and YZ; formal

analysis, YH, YS, and L-PH; writing, YH and L-PH; supervision,

JZ, YS, YL, and L-PH. All authors contributed to the article and

approved the submitted version.
Frontiers in Immunology 11
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.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fimmu.2022.983116/full#supplementary-material
References
1. Chu LC, Goggins MG, Fishman EK. Diagnosis and detection of pancreatic
cancer. Cancer J (2017) 23:333–42. doi: 10.1097/PPO.0000000000000290

2. Yadav D, Lowenfels AB. The epidemiology of pancreatitis and pancreatic
cancer. Gastroenterology (2013) 144:1252–61. doi: 10.1053/j.gastro.2013.01.068

3. Roe JS, Hwang CI, Somerville TDD, Milazzo JP, Lee EJ, Da Silva B, et al.
Enhancer reprogramming promotes pancreatic cancer metastasis. Cell (2017)
170:875–888 e20. doi: 10.1016/j.cell.2017.07.007

4. Pitarresi JR, Norgard RJ, Chiarella AM, Suzuki K, Bakir B, Sahu V, et al.
PTHrP drives pancreatic cancer growth and metastasis and reveals a new
therapeutic vulnerability. Cancer Discovery (2021) 11:1774–91. doi: 10.1158/
2159-8290.CD-20-1098

5. Donahue HJ, Qu RW, Genetos DC. Joint diseases: from connexins to gap
junctions. Nat Rev Rheumatol (2017) 14:42–51. doi: 10.1038/nrrheum.2017.204

6. Oh S, Bargiello TA. Voltage regulation of connexin channel conductance.
Yonsei Med J (2015) 56:1–15. doi: 10.3349/ymj.2015.56.1.1

7. Sanchez A, Castro C, Flores DL, Gutierrez E, Baldi P. Gap junction channels
of innexins and connexins: Relations and computational perspectives. Int J Mol Sci
(2019) 20(10):2476. doi: 10.3390/ijms20102476

8. Petit C, Levilliers J, Hardelin JP. Molecular genetics of hearing loss. Annu Rev
Genet (2001) 35:589–646. doi: 10.1146/annurev.genet.35.102401.091224

9. Kagiava A, Karaiskos C, Richter J, Tryfonos C, Jennings MJ, Heslegrave AJ, et al.
AAV9-mediated schwann cell-targeted gene therapy rescues a model of demyelinating
neuropathy. Gene Ther (2021) 28:659–75. doi: 10.1038/s41434-021-00250-0

10. Alexandrino F, de Oliveira CA, Magalhaes RF, Florence ME, de Souza EM,
Sartorato EL. Connexin mutations in Brazilian patients with skin disorders with or
without hearing loss. Am J Med Genet A 149A (2009) 149A(4):681–4. doi: 10.1002/
ajmg.a.32765

11. Naus CC, Elisevich K, Zhu D, Belliveau DJ, Del Maestro RF. In vivo growth of
C6 glioma cells transfected with connexin43 cDNA. Cancer Res (1992) 52:4208–13.

12. Eghbali B, Kessler JA, Reid LM, Roy C, Spray DC. Involvement of gap
junctions in tumorigenesis: transfection of tumor cells with connexin 32 cDNA
retards growth in vivo. Proc Natl Acad Sci U.S.A. (1991) 88:10701–5. doi: 10.1073/
pnas.88.23.10701

13. Ito A, Katoh F, Kataoka TR, Okada M, Tsubota N, Asada H, et al. A role for
heterologous gap junctions between melanoma and endothelial cells in metastasis.
J Clin Invest (2000) 105:1189–97. doi: 10.1172/JCI8257

14. Eriksson P, Marzouka NA, Sjodahl G, Bernardo C, Liedberg F, Hoglund M.
A comparison of rule-based and centroid single-sample multiclass predictors for
transcriptomic classification. Bioinformatics (2021) 38(4):1022-1029. doi: 10.1093/
bioinformatics/btab763

15. Costa-Silva B, Aiello NM, Ocean AJ, Singh S, Zhang H, Thakur BK, et al.
Pancreatic cancer exosomes initiate pre-metastatic niche formation in the liver.Nat
Cell Biol (2015) 17:816–26. doi: 10.1038/ncb3169

16. Wang X, Hu LP, Qin WT, Yang Q, Chen DY, Li Q, et al. Identification of
a subset of immunosuppressive P2RX1-negative neutrophils in pancreatic
cancer liver metastasis. Nat Commun (2021) 12:174. doi: 10.1038/s41467-
020-20447-y

17. Chen M, Hu S, Li Y, Jiang TT, Jin H, Feng L. Targeting nuclear acid-
mediated immunity in cancer immune checkpoint inhibitor therapies. Signal
Transduct Target Ther (2020) 5:270. doi: 10.1038/s41392-020-00347-9

18. Honda M, Kubes P. Neutrophils and neutrophil extracellular traps in the
liver and gastrointestinal system. Nat Rev Gastroenterol Hepatol (2018) 15:206–21.
doi: 10.1038/nrgastro.2017.183

19. Bertocchi A, Carloni S, Ravenda PS, Bertalot G, Spadoni I, Lo Cascio A, et al.
Gut vascular barrier impairment leads to intestinal bacteria dissemination and
colorectal cancer metastasis to liver. Cancer Cell (2021) 39:708–724 e11. doi:
10.1016/j.ccell.2021.03.004

20. Aasen T, Mesnil M, Naus CC, Lampe PD, Laird DW. Gap junctions and
cancer: communicating for 50 years. Nat Rev Cancer (2016) 16:775–88. doi:
10.1038/nrc.2016.105

21. Bonacquisti EE, Nguyen J. Connexin 43 (Cx43) in cancer: Implications for
therapeutic approaches via gap junctions. Cancer Lett (2019) 442:439–44. doi:
10.1016/j.canlet.2018.10.043
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.983116/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.983116/full#supplementary-material
https://doi.org/10.1097/PPO.0000000000000290
https://doi.org/10.1053/j.gastro.2013.01.068
https://doi.org/10.1016/j.cell.2017.07.007
https://doi.org/10.1158/2159-8290.CD-20-1098
https://doi.org/10.1158/2159-8290.CD-20-1098
https://doi.org/10.1038/nrrheum.2017.204
https://doi.org/10.3349/ymj.2015.56.1.1
https://doi.org/10.3390/ijms20102476
https://doi.org/10.1146/annurev.genet.35.102401.091224
https://doi.org/10.1038/s41434-021-00250-0
https://doi.org/10.1002/ajmg.a.32765
https://doi.org/10.1002/ajmg.a.32765
https://doi.org/10.1073/pnas.88.23.10701
https://doi.org/10.1073/pnas.88.23.10701
https://doi.org/10.1172/JCI8257
https://doi.org/10.1093/bioinformatics/btab763
https://doi.org/10.1093/bioinformatics/btab763
https://doi.org/10.1038/ncb3169
https://doi.org/10.1038/s41467-020-20447-y
https://doi.org/10.1038/s41467-020-20447-y
https://doi.org/10.1038/s41392-020-00347-9
https://doi.org/10.1038/nrgastro.2017.183
https://doi.org/10.1016/j.ccell.2021.03.004
https://doi.org/10.1038/nrc.2016.105
https://doi.org/10.1016/j.canlet.2018.10.043
https://doi.org/10.3389/fimmu.2022.983116
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Huo et al. 10.3389/fimmu.2022.983116
22. Yamasaki H, Omori Y, Krutovskikh V, Zhu W, Mironov N, Yamakage K,
et al. Connexins in tumour suppression and cancer therapy. Novartis Found Symp
(1999) 219:241–54. doi: 10.1002/9780470515587.ch15

23. Chen Q, Boire A, Jin X, Valiente M, Er EE, Lopez-Soto A, et al. Carcinoma-
astrocyte gap junctions promote brain metastasis by cGAMP transfer. Nature
(2016) 533:493–8. doi: 10.1038/nature18268

24. Thiagarajan PS, Sinyuk M, Turaga SM, Mulkearns-Hubert EE, Hale JS, Rao
V, et al. Cx26 drives self-renewal in triple-negative breast cancer via interaction
with NANOG and focal adhesion kinase. Nat Commun (2018) 9:578. doi: 10.1038/
s41467-018-02938-1

25. Li Z, Zhou Z, Donahue HJ. Alterations in Cx43 and OB-cadherin affect
breast cancer cell metastatic potential. Clin Exp Metastasis (2008) 25:265–72. doi:
10.1007/s10585-007-9140-4

26. Wu Y, Fu L, Wang B, Li Z, Wei D, Wang H, et al. Construction of a
prognostic risk assessment model for lung adenocarcinoma based on integrin beta
family-related genes. J Clin Lab Anal (2022) 36:e24419. doi: 10.1002/jcla.24419

27. Zhang D, Chen C, Li Y, Fu X, Xie Y, Li Y, et al. Cx31.1 acts as a tumour
suppressor in non-small cell lung cancer (NSCLC) cell lines through inhibition of
cell proliferation and metastasis. J Cell Mol Med (2012) 16:1047–59. doi: 10.1111/
j.1582-4934.2011.01389.x

28. Xiong S, Dong L, Cheng L. Neutrophils in cancer carcinogenesis and
metastasis. J Hematol Oncol (2021) 14:173. doi: 10.1186/s13045-021-01187-y

29. Shojaei F, Wu X, Qu X, Kowanetz M, Yu L, Tan M, et al. G-CSF-initiated
myeloid cell mobilization and angiogenesis mediate tumor refractoriness to anti-
VEGF therapy in mouse models. Proc Natl Acad Sci U.S.A. (2009) 106:6742–7. doi:
10.1186/s13045-021-01187-y10.1073/pnas.0902280106
Frontiers in Immunology 12
30. Zheng Z, Li YN, Jia S, Zhu M, Cao L, Tao M, et al. Lung mesenchymal
stromal cells influenced by Th2 cytokines mobilize neutrophils and facilitate
metastasis by producing complement C3. Nat Commun (2021) 12:6202. doi:
10.1038/s41467-021-26460-z

31. Sousa CM, Biancur DE, Wang X, Halbrook CJ, Sherman MH, Zhang L, et al.
Pancreatic stellate cells support tumour metabolism through autophagic alanine
secretion. Nature (2016) 536:479–83. doi: 10.1038/nature19084

32. Loo JM, Scherl A, Nguyen A, Man FY, Weinberg E, Zeng Z, et al.
Extracellular metabolic energetics can promote cancer progression. Cell (2015)
160:393–406. doi: 10.1016/j.cell.2014.12.018

33. Hilliard KA, Blaho VA, Jackson CD, Brown CR. Leukotriene B4 receptor
BLT1 signaling is critical for neutrophil apoptosis and resolution of experimental
Lyme arthritis. FASEB J (2020) 34:2840–52. doi: 10.1096/fj.201902014R

34. Sitkovsky MV, Kjaergaard J, Lukashev D, Ohta A. Hypoxia-adenosinergic
immunosuppression: tumor protection by T regulatory cells and cancerous
tissue hypoxia. Clin Cancer Res (2008) 14:5947–52. doi: 10.1158/1078-
0432.CCR-08-0229

35. Bopp T, Becker C, Klein M, Klein-Hessling S, Palmetshofer A, Serfling E,
et al. Cyclic adenosine monophosphate is a key component of regulatory T cell-
mediated suppression. J Exp Med (2007) 204:1303–10. doi: 10.1084/jem.20062129

36. Ye J, Ma C, Hsueh EC, Dou J, Mo W, Liu S, et al. TLR8 signaling enhances
tumor immunity by preventing tumor-induced T-cell senescence. EMBO Mol Med
(2014) 6:1294–311. doi: 10.15252/emmm.201403918

37. Ye J, Peng G. Controlling T cell senescence in the tumor microenvironment
for tumor immunotherapy. Oncoimmunology (2015) 4:e994398. doi: 10.4161/
2162402X.2014.994398
frontiersin.org

https://doi.org/10.1002/9780470515587.ch15
https://doi.org/10.1038/nature18268
https://doi.org/10.1038/s41467-018-02938-1
https://doi.org/10.1038/s41467-018-02938-1
https://doi.org/10.1007/s10585-007-9140-4
https://doi.org/10.1002/jcla.24419
https://doi.org/10.1111/j.1582-4934.2011.01389.x
https://doi.org/10.1111/j.1582-4934.2011.01389.x
https://doi.org/10.1186/s13045-021-01187-y
https://doi.org/10.1186/s13045-021-01187-y
https://doi.org/10.1073/pnas.0902280106
https://doi.org/10.1038/s41467-021-26460-z
https://doi.org/10.1038/nature19084
https://doi.org/10.1016/j.cell.2014.12.018
https://doi.org/10.1096/fj.201902014R
https://doi.org/10.1158/1078-0432.CCR-08-0229
https://doi.org/10.1158/1078-0432.CCR-08-0229
https://doi.org/10.1084/jem.20062129
https://doi.org/10.15252/emmm.201403918
https://doi.org/10.4161/2162402X.2014.994398
https://doi.org/10.4161/2162402X.2014.994398
https://doi.org/10.3389/fimmu.2022.983116
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	GJB3 promotes pancreatic cancer liver metastasis by enhancing the polarization and survival of neutrophil
	Introduction
	Material and method
	Cell culture
	Mouse models for liver metastasis of PDAC
	Flow cytometry
	Hematoxylin and eosin staining
	Immunohistochemistry
	Lentivirus production and cell transduction
	Western blotting
	Quantitative Real-time PCR
	CAMP quantification
	CAMP transfer
	Cell viability assay
	Statistical analysis

	Results
	GJB3 expression upregulated in PDAC liver metastasis and associated with poor prognosis
	GJB3 depletion suppressed PDAC liver metastasis in vivo
	GJB3 promotes neutrophil accumulation in the PDAC liver metastasis
	GJB3 facilities neutrophil polarization and survival
	GJB3 transfer cAMP to regulating neutrophil polarization and survival

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	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 true
  /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 true
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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


