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Interleukin 34 (IL-34), an additional ligand of the colony-stimulating factor-1 receptor (CSF-
1R), promotes the secretion of pro-inflammatory cytokines and stimulates NF-kB and
JNK-related signaling pathways. However, the potential mechanism and prognostic value
of IL-34 in lung adenocarcinoma (LUAD) remain obscure. In this study, IL-34 was found to
be downregulated in LUAD tissues compared with para-carcinoma tissues, and loss of IL-
34 expression was correlated with shorter overall survival (OS), which was validated by
bioinformatics\ analysis in TCGA (The Cancer Genome Atlas) cohort and
immunohistochemical analysis in the NTU (Nantong University) cohort, respectively.
Subsequently, loss of IL-34 promotes negative regulation of the immune system and
inhibits the infiltration of immune cells. Moreover, IL-34 deficiency was shown to be an
independent adverse prognostic factor for patients with LUAD, and subgroup analysis
indicated that IL-34 might contribute to the stratified management of patients with LUAD.
IL-34-based nomogram model significantly improved the accuracy of prognostic
predictions for OS of patients with LUAD, both in the TCGA cohort and the NTU
cohort. Taken together, our data suggested that loss of IL-34 expression is associated
with poor prognosis and negative regulation of the immune system of patients with LUAD,
contributing to the stratified management of patients with LUAD.

Keywords: lung adenocarcinoma, interleukin 34, The Cancer Genome Atlas, prognosis, tissue microarray
INTRODUCTION

Lung cancer is the most common cause of cancer-related deaths worldwide. Despite advances over the
past decade in new targeted therapies, diagnostics, staging, and surgical techniques, as well as new
chemotherapy and radiation therapy, lung cancer mortality remains high (1). Lung cancer mainly
includes non-small cell lung cancer, which includes squamous cell carcinoma, adenocarcinoma, and
Abbreviations: IL-34, interleukin 34; LUAD, lung adenocarcinoma; TCGA, The Cancer Genome Atlas; OS, overall survival;
TNM, tumor-node-metastasis; mRNA, messenger RNA; CSF, Colony-stimulating factor; IHC, immunohistochemistry; GO,
gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; GSEA, Gene Set Enrichment Analysis; ACT, Adjuvant
chemoradiotherapy; NTU, Nantong University.
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large cell carcinoma; among them, adenocarcinoma accounts for
most cases (2). The five-year overall survival (OS) rate of patients
with lung adenocarcinoma (LUAD) is less than 15% because most
patients are diagnosed as late-stage at the first visit (3). Therefore,
it is crucial to determine suitable molecular markers for the early
diagnosis and prognosis of LUAD (4).

Interleukin 34 (IL-34) is a cytokine that shares a common
receptor with colony-stimulating factor (CSF)-1, namely CSF-1R
(5). Previous studies have shown that IL-34 helps the development
and maintenance of Langerhans cells and microglia (6, 7). IL-34
can play a role in modulating immunity in some autoimmune
diseases, such as rheumatoid arthritis and systemic lupus
erythematosus (8–10). IL-34 promotes the secretion of pro-
inflammatory cytokines and stimulates NF-kB and JNK-related
signaling pathways (11, 12). IL-34 can regulate the differentiation
of macrophages and plays an important role in inflammatory
diseases (13, 14). Macrophages are an important part of the tumor
microenvironment; therefore, regulation by IL-34 may have a
certain effect on tumor microenvironment changes (15). In 2016,
research by Baghdadi et al. (16) showed that IL-34 enhanced the
immunosuppressive effect of tumor-associated macrophages and
mediated the survival of chemoresistant lung cancer cells. IL-34
has also been confirmed to be associated with the progression of
ovarian cancer (17). IL-34 can promote cancer in a variety of solid
tumors such as gastric cancer, colorectal cancer, liver cancer, and
breast cancer (18–21). In addition to promoting tumor metastasis,
IL-34 can also inhibit tumor differentiation and migration. IL-34
can inhibit the proliferation of glioblastoma cells, promote the
differentiation of nonleukemia cells into monocyte-like cells, and
inhibit the migration of HER2-positive breast cancer cells (22–25).

Although lung cancer has a high fatality rate, and IL-34 plays an
important role in tumors, there are few studies on IL-34 in lung
cancer. To the best of our knowledge, this is the first study to evaluate
the prognostic value of IL-34 in LUAD, explore the relationship
between IL-34 deficiency and immune cell infiltration and even
immune negative regulation, finally established the nomogram
model integrated IL-34 group and pathological characteristics to
accurately predict the prognosis of patients with LUAD.
MATERIALS AND METHODS

The Cancer Genome Atlas and Nantong
University Cohorts
Gene expression data of LUAD patients in FPKM (Fragments
Per Kilobase of transcript per Million mapped reads) form and
corresponding clinical data were downloaded from TCGA
database (https://tcga-data.download.nci.nih.gov/). Patients
who lacked clinical information were excluded, and the gene
expression values of the duplicate samples were replaced by their
average values. Finally, 500 tumor samples of LUAD patients
were incorporated in this study in addition to 59 normal samples
and dichotomized into IL-34 high and IL-34 low groups
according to the median of IL-34 mRNA.

The NTU cohort included 140 patients with LUAD who were
confirmedbypostoperativepathologyandwhohadnot receivedother
treatmentsbefore surgery.Between2009and2011, after surgery inour
Frontiers in Oncology | www.frontiersin.org 2
hospital, 140 LUAD and 34 non-tumor (normal) samples were
collected from these patients. Moreover, these samples were all from
different (unpaired) individuals. Patient clinical data were retrieved
fromthehospital’s records, including gender, smoking status, age, and
tumor lymph node metastasis (TNM) stage. All patients were strictly
staged according to TNM 8th edition lung cancer staging.

Tissue Microarray, Immunohistochemistry
Staining, and Assessment of
Immunohistochemistry Staining Intensity
A circular tissue with a diameter of 2 mm was removed from each
tissue specimen, and the selected tissue cylinder was prepared as a
tissue microarray specimen using the Unitma Quick-Ray tissue
microarray analyzer (UT06; Unitma, Seoul, South Korea). Then,
the tissue microarray specimen was sliced into 4 mm-thin
tissue sections and arranged into microscope slides.
Immunohistochemistry (IHC) staining was performed on the
tissue chip using anti-IL-34 antibodies (ab224734; Abcam,
Cambridge, MA, USA) as the primary antibody (1:200 dilution).
Two professional pathologists assessed the percentage of IL-34-
positive samples and the intensity of IL-34 IHC staining using a
semi-quantitative immune response scoring system as the
evaluation standard; the sample details were not revealed to them
(26). The following formula was used to calculate the semi-
quantitative H-score (0–300): IHC score = staining intensity value ×
positive percentage.

Bioinformatics and Genetic Analyses
We further assessed the infiltration of immune cells in tumor
tissues using cell-type identification by estimating relative subsets
of RNA transcripts (CIBERSORT) (27), a deconvolution method
based on a gene expression matrix. The number of random sample
permutations was defined as 100. Single sample Gene Set
Enrichment Analysis (ssGSEA) was used to quantify the
enrichment levels of 29 immune-related gene sets in each sample
according to the “GSVA” package. 29 immune signatures, which
represented multiple immune cell types, functions, and pathways,
were obtained from Supplementary Table 1 (28). Then, we
performed hierarchical clustering of LUAD samples, based on the
enrichment levels (ssGSEA scores), as well as pathological
characteristics including age, gender, TNM stage, T, N, M, and
survival state. CIBERSORT analysis and ssGSEA analysis were
carried out according to the gene expression matrix.

Subsequently, differential genes were selected according to the
following criteria: P-value < 0.05. Gene symbols of these differential
genes were converted into gene id for Gene Ontology (GO) and
Kyoto Encyclopedia of Genes, Genomes (KEGG) and Gene Set
Enrichment Analysis (GSEA) analysis according to the
“clusterProfiler” package.

Statistical Analysis
TCGA cohort was dichotomized into the IL-34 low group and
the IL-34 high group according to the median of IL-34 mRNA
expression. The NTU cohort was dichotomized into the IL-34
low group and the IL-34 high group according to 150 scores.
Continuous variables were compared using the t-test or Wilcoxon
rank-sum test. The Cox regression model was established to
July 2021 | Volume 11 | Article 639724
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perform the univariate and multivariate analyses, and the
characteristics with the statistical difference in the univariate
analysis were further assessed by the multivariate analysis.
Survival curves were created using the Kaplan–Meier method,
and the difference between groups was determined by the log-
rank analysis. The Nomogrammodel was established according to
the “rms” package. P< 0.05 was considered statistically significant
and all significance tests were two-sided (29).

Ethics Approval and Consent to Participate
Each patient provided signed written informed consent. This
retrospective study was authorized by the Clinical Research Ethics
Committee of the Affiliated Hospital of Nantong University,
Jiangsu, China.
RESULTS

IL-34 Expression and Its Relationship With
OS of Patients With LUAD
First, we performed IHC staining of the tumor tissues and
adjacent non-tumor tissues obtained from 140 patients.
Typical images of IL-34 IHC staining in LUAD and adjacent
tissues are shown in Figure 1A. Next, we analyzed the mRNA
level of IL-34 in samples from the TCGA database. Interestingly,
the average expression level of IL-34 in tumor samples was lower
than that in samples around the tumors (P < 0.001; Figure 1B).
The expression levels of IL-34 in paired cancer and normal
samples further confirm these results (P < 0.001; Figure 1C).
Consistent with the data from TCGA, the expression of IL-34 in
the cancer samples was lower than that in the normal samples
(P < 0.001; Figure 1D). Moreover, in the TCGA cohort, the OS of
patients with high IL-34 expression was longer than that of
patients with low IL-34 expression (P = 0.003; Figure 1E).
Similarly, in the NTU cohort (IHC set), patients with high IL-
34 expression in tumors survived longer (P < 0.001; Figure 1F).
The clinicopathological characteristics of patients with LUAD
are listed in Table 1 (TCGA cohort) and Table 2 (the NTU
cohort). Clinical information and the IHC score for IL-34 are
shown in Supplementary Table 1.

Univariate and Multivariate Analyses
The results of both univariate and multivariate analyses in the
TCGA cohort are summarized in Figure 2. In the univariate
analysis, IL-34 expression (P = 0.003) and TNM stage (P < 0.001)
were significant risk factors for OS (Figure 2A). Similarly, IL-34
expression (P = 0.002) and TNM stage (P < 0.001) were significant
risk factors for OS in the multivariate analysis (Figure 2B).
Subsequently, the patients were divided into different subgroups,
according toclinicopathological characteristics. Basedon the results
of the analysis, the relationship between IL-34 expression and
patient OS was exhibited as a forest plot. The results of subgroup
analysis further showed that loss of IL-34 expression was related to
poor prognosis for LUAD patients who were older than 65 (P =
0.006), male (P = 0.004), in stage III (P = 0.007), with tumor
diameter T3 (P = 0.036), or M0 (No distant metastasis, P = 0.005).
According to thedifference in IL-34expression, the survival analysis
Frontiers in Oncology | www.frontiersin.org 3
showed that high IL-34 expression was associated with a longer OS
of LUADpatientswhowere older than 65,male, orwithTNMstage
III, T3, or M0 (Figures 2D–H).

Analogously, the results of both univariate and multivariate
analyses of the IHC set are shown in Figure 3. In the univariate
analyses, IL-34 expression (P < 0.001), adjuvant chemoradiotherapy
(ACT, P = 0.002), and TNM stage (P = 0.001) were significant risk
factors for OS (Figure 3A). Multivariate analysis results were the
same as the univariate analysis results (Figure 3B). The results of
subgroup analysis further showed that loss of IL-34 expression was
related to poor prognosis for LUADpatientswhowere older than 65
(P < 0.001), female (P = 0.012), male (P < 0.001), non-smokers (P <
0.001), smokers (P = 0.022), in stage I (P = 0.002) or stage III (P =
0.002), orhadnotreceivedACT(P<0.001,Figure3C).According to
the difference in IL-34 expression, the survival analysis showed that
high IL-34 expression was associated with a longer OS of LUAD
patients who were older than 65, male, female, smokers, non-
smokers, in TNM stage I or TNM stage III, or had not received
ACT (Figures 3D–K).

Strikingly, the majority of patients with LUAD were early-
stage patients with TNM stage I or II, in both the TCGA cohort
(77.40%) and the NTU cohort (81.43%). However, a significant
survival difference of early-stage patients between the IL-34 high
group and IL-34 low group was only found in the NTU cohort
but not in the TCGA cohort, which was a striking inconsistency
(Supplementary Figure 1).

Correlation Analysis of IL-34 and Immune
Cell Infiltration
IL-34 promotes the secretion of pro-inflammatory cytokines and
stimulates NF-kB and JNK-related signaling pathways (11, 12);
hence, we wanted to explore the relationship between IL-34 and
tumor immune cell infiltration. Based on the difference in IL-34
expression, the gene expressionprofile ofTCGAcaseswas classified
and shown by heatmap and volcano map in Supplementary
Figure 2. As shown in Figure 4A, we found that the fraction of
immune cells was different between IL-34high group and IL-34 low
group in resting Mast cells, resting CD4+ memory T cells, resting
dendritic cells, activated CD4+ memory T cells, regulatory T cells,
memory B cells, and eosinophils. In the tumor tissues of patients
with high IL-34 expression, the proportion of these immune cells
was higher except for that of activated CD4+ memory T cells.
However, naiveB cells, plasma cells, CD8+Tcells, follicularhelperT
cells, and other immune cells were not changed between the two
groups (Figure 4A). We also evaluated the possible correlations
between 21 immune cells and IL-34 expression (Figure 4B). The
generated heatmap shows that the ratio of the tumor-infiltrating
immune cell subsets had some degree of correlation. For example,
IL-34waspositively related tomonocytes andrestingdendritic cells.
Therefore, the variations in the infiltration proportion suggested
that IL-34 promotes infiltration of immune cells. Conversely, IL-34
deficiency inhibits the infiltration of immune cells.

Relationship Between Clinicopathological
Characteristics and Tumor Immune Infiltration
We prepared a heatmap based on the integration of pathological
characteristics and 29 immune-related gene sets, which represented
July 2021 | Volume 11 | Article 639724
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multiple immune cell types, functions, and pathways (Figure 5).
Most samples with high IL-34 expression showed higher signature
scores of immune-related gene sets and a longer OS period. This
may be the result of immune cells functioning in tumor tissue.
Therefore, IL-34 deficiency inhibits the infiltration of immune cells.
Frontiers in Oncology | www.frontiersin.org 4
IL-34 Was Associated With Immune
Response and Inflammation-Related
Signaling Pathways
As IL-34 is related to tumor immune cells, we performed GO/
KEGG/GSEA to explore whether pathways related to tumor
A

B C

E F

D

FIGURE 1 | The expression deficiency of IL-34 and its correlation with prognosis overall survival (OS) in patients with lung adenocarcinoma (LUAD). (A) The typical
image of immunohistochemistry for IL-34. (B) The expression of IL-34 in normal and tumor tissues in The Cancer Genome Atlas (TCGA) cohort. (C) Matching test of
IL-34 expressed in TCGA cohort. (D) An immunohistochemical score of IL-34 expression in Nantong University (NTU) cohort. (E) Survival analysis between IL-34
high group and IL-34 low group in TCGA cohort. (F) Survival analysis between IL-34 high group and IL-34 low group in NTU cohort.
July 2021 | Volume 11 | Article 639724
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immunity were enriched. As expected, GO enrichment analysis
showed that IL-34 was mainly involved in immune regulatory
activities, such as “negative regulation of immune system process”,
“neutrophil-mediated immunity”, and “neutrophil activation
Frontiers in Oncology | www.frontiersin.org 5
involved in immune response” (Figure 6A). Pathways generated
by KEGG analysis are shown in Figure 6B. The top 10 pathways
were “human T-cell leukemia virus 1 infection”, “chemokine
signaling pathway”, “Th17 cell differentiation”, “NF-kappa B
signaling pathway”, “Th1 and Th2 cell differentiation”, “T cell
receptor signaling pathway”, “PD-L1 expression” and “PD-1
checkpoint pathway in cancer”, “Fc gamma R-mediated
phagocytosis”, “inflammatory bowel disease”, and “intestinal
immune network for IgA production”. In addition, a GSEA map
was also generated based on differential genes. Notably, GSEA
revealed that the gene sets with high scores were immune-related
pathways, such as “Antigen processing and presentation”,
“Chemokine signaling pathway”, “Natural killer cell-mediated
cytotoxicity” and “Th17 cell differentiation” (Figure 6C).
Prognostic Nomograms for OS of
Patients with LUAD
Based on the results, we established a three-year and five-year
survival prognosis model for patients with LUAD (Figure 7). For
the values attributed to each risk factor, the patients received points,
and the total points (i.e., the sum of the points received for each risk
factor) were used to predict the OS. Therefore, a higher total score
was associated with a lower OS (Figures 7A, D). The calibration
graph shows that the curves of actual OS and predicted OS is highly
fitted, indicating that our nomogram predictions performed well,
both in the TCGA cohort (3-year OS, Figure 7B; 5-year OS,
Figure 7C) and the NTU cohort (3-year OS, Figure 7E, 5-year OS,
Figure 7F). To compare the advantages of the nomogram model
over traditional prognostic indicators in predicting OS, we analyzed
the accuracy of the nomogrammodel and TNM stage in predicting
5-year OS. As shown in IL-34 Supplementary Figure 3, the area
under the curve (AUC) of the nomogram model was improved
compared with that of the TNM stage, as well as the IL-34 group,
both in the TCGA cohort (Supplementary Figure 3A) and NTU
cohort (Supplementary Figure 3B).
DISCUSSION

Studies have shown that lung cancer is the leading cause of
cancer-related deaths worldwide among all types of cancer (30).
There were 1.76 million lung cancer deaths in 2018, accounting
for nearly one-fifth of all cancer deaths (31, 32). Several studies
have confirmed that IL-34 is related to tumors, but few studies
have investigated IL-34 in LUAD (15, 18, 20). Thus, we
conducted a study based on existing data to explore the
prognostic value of IL-34 in patients with LUAD. In this study,
IL-34 expression was found to be significantly correlated with OS
of LUAD patients, especially in patients in clinical stage III.
Patients with high IL-34 expression showed longer OS than those
with low IL-34 expression.

IL-34 was first discovered in 2008, and it shares a common
receptor with CSF-1, namely CSF-1R (5, 33). IL-34 can recruit
tumor-associated macrophages, which drive the formation of
new blood vessels in cancer; hence, IL-34 is assumed to promote
tumor progression (34). IL-34 is thought to mediate the induced
TABLE 2 | The clinicopathologic characteristics of patients with lung
adenocarcinoma in the Nantong University (NTU) cohort.

Characters IL-34 low IL-34 high Total (n = 140) P-value
(n =38) (n = 102)

sex
sex_0 13 (34.2%) 39 (38.2%) 52 (37.1%)
sex_1 25 (65.8%) 63 (61.8%) 88 (62.9%) 0.809

age
<=65 13 (34.2%) 48 (47.1%) 61 (43.6%)
>65 25 (65.8%) 54 (52.9%) 79 (56.4%) 0.241

smoke
No 29 (76.3%) 77 (75.5%) 106 (75.7%)
Yes 9 (23.7%) 25 (24.5%) 34 (24.3%) 1

TNM
Stage I 20 (52.6%) 55 (53.9%) 75 (53.6%)
Stage II 10 (26.3%) 29 (28.4%) 39 (27.9%)
Stage III 7 (18.4%) 17 (16.7%) 24 (17.1%)
Stage IV 1 (2.6%) 1 (1%) 2 (1.4%) 0.987

ACT
Without 20 (52.6%) 40 (39.2%) 60 (42.9%)
With 18 (47.4%) 62 (60.8%) 80 (57.1%) 0.217
ACT, adjuvant chemoradiotherapy; TNM, tumor-node-metastasis.
TABLE 1 | The clinicopathologic characteristics of patients with lung
adenocarcinoma in TCGA cohort.

Characters IL-34 low IL-34 high Total (n = 500) P-value
(n = 250) (n = 250)

Age
≤65 118 (47.2%) 119 (47.6%) 237 (47.4%)
>65 128 (51.2%) 125 (50%) 253 (50.6%)
NA 4 (1.6%) 6 (2.4%) 10 (2%) 0.803

Gender
Female 116 (46.4%) 154 (61.6%) 270 (54%)
Male 134 (53.6%) 96 (38.4%) 230 (46%) <0.001

Stage
Stage I 123 (49.2%) 145 (58%) 268 (53.6%)
Stage II 62 (24.8%) 57 (22.8%) 119 (23.8%)
Stage III 47 (18.8%) 33 (13.2%) 80 (16%)
Stage IV 15 (6%) 10 (4%) 25 (5%)
NA 3 (1.2%) 5 (2%) 8 (1.6%) 0.178

T
T1 60 (24%) 98 (39.2%) 158 (31.6%)
T2 143 (57.2%) 103 (41.2%) 246 (49.2%)
T3 24 (9.6%) 15 (6%) 39 (7.8%)
T4 11 (4.4%) 7 (2.8%) 18 (3.6%)
NA 12 (4.8%) 27 (10.8%) 39 (7.8%) <0.001

M
M0 165 (66%) 147 (58.8%) 312 (62.4%)
M1 14 (5.6%) 9 (3.6%) 23 (4.6%)
NA 71 (28.4%) 94 (37.6%) 165 (33%) 0.07

N
N0 150 (60%) 151 (60.4%) 301 (60.2%)
N1 46 (18.4%) 40 (16%) 86 (17.2%)
N2 39 (15.6%) 25 (10%) 64 (12.8%)
N3 0 (0%) 2 (0.8%) 2 (0.4%)
NA 15 (6%) 32 (12.8%) 47 (9.4%) 0.014
ACT, adjuvant chemoradiotherapy; TNM, tumor-node-metastasis; NA, not applicable.
July 2021 | Volume 11 | Article 639724

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. IL-34 Prognostic Value in LUAD
A B

C

D E

G H

F

FIGURE 2 | IL-34 was an independent protective factor of lung adenocarcinoma (LUAD) in The Cancer Genome Atlas (TCGA) cohort. (A) Univariate analysis for
overall survival in TCGA cohort. (B) Multivariate analysis for overall survival in TCGA cohort. (C) Subgroup analysis between IL-34 high group and IL-34 low group
based on Cox regression. (D–H) Survival analysis for significant clinicopathologic features between IL-34 high group and IL-34 low group.
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FIGURE 3 | IL-34 was an independent protective factor of lung adenocarcinoma (LUAD) in the Nantong University (NTU) cohort. (A) Univariate analysis for overall
survival in the NTU cohort. (B) Multivariate analysis for overall survival in the NTU cohort. (C) Subgroup analysis between IL-34 high group and IL-34 low group
based on Cox regression. (D–K) Survival analysis for significant clinicopathologic features between IL-34 high group and IL-34 low group.
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A

B

FIGURE 4 | Loss of IL-34 inhibited the immune cell infiltration. (A) Immune cells infiltration between IL-34 high group and IL-34 low group. (B) Correlation analysis
between the expression of IL-34 mRNA and immune cells.
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survival of lung cancer cells, and hence may be disadvantageous
to patients (16). In 2018, Baghdadi et al. found that
chemotherapy-induced IL-34 enhances immunosuppression by
tumor-associated macrophages and mediates survival of
chemoresistant lung cancer cells, and the patients with lung
cancer have a shorter OS in the IL-34 high group compared with
that in IL-34 low group, which is opposite to our finding (16).
The reasons behind the phenomenon may lie in two aspects:
Firstly, the lung cancer samples they used were not just lung
adenocarcinoma, but also squamous cell and small-cell lung
cancers. In fact, our samples, both the TCGA data and our
immunohistochemical samples, are all lung adenocarcinoma
samples. Secondly, there was a significant data skew in their
IL-34 high-low grouping, with 249 IL-34 low-expressed samples
and only 83 IL-34 high-expressed samples. We used a more
scientific median value as the threshold in the TCGA cohort, so
the results are more reliable. As for grouping in the NTU cohort,
we chose the mean of full scores as the threshold, given the small
sample size.

The existing literature reports show that IL-34 may promote
the differentiation of monocytes into macrophages in some
diseases, and the expression of IL-34 is related to M2
macrophages (15, 35). In our study, immune microenvironment
analysis and GO and KEGG enrichment analyses showed that IL-
34 expression was closely related to tumor immune responses and
inflammation-related signaling pathways, which is consistent with
the results from previous studies (5, 13, 17, 35, 36). IL-34
expression is significantly related to natural killer (NK) cells, M2
macrophages, and memory B cells. IL-34 and M-CSF can induce
macrophages to differentiate into the M2 type, leading to immune
Frontiers in Oncology | www.frontiersin.org 9
suppression mediated by M2 macrophages (37). It is worth noting
that M2 macrophages are generally considered cancer-promoting,
which seems to differ from our results, and the reasons for this
need to be explored (38, 39). IL-34 is related to PD-L1 expression
and the PD-1 signaling pathway. In early lung cancer, high PD-L1
expression status represents a biomarker that can signify a good
prognosis after radical surgery (40).

Collectively, these results suggest that IL-34 expression could
have important clinical significance for the prognosis of patients
with LUAD. Further work is needed to strengthen the findings of
our study. First, owing to the lack of more detailed information,
this study only reports an analysis of the correlation between IL-
34 expression and OS. Determining further relevance will require
additional work, and our future research will focus on filling
these gaps. Second, the prognostic value of IL-34 expression in
patients with LUAD should be further verified in more extensive
multi-center clinical trials, which could improve the accuracy of
the prediction model. Finally, the role of IL-34 in the occurrence
and development of LUAD is not fully understood, especially
since it exhibits different effects in early lung cancer and
advanced lung cancer, which requires further research to
explore the underlying mechanism.

In conclusion, this study determined that loss of IL-34 could
predict poor prognosis in patients with LUAD and that
examination of its expression level may improve postoperative
grading management of patients based on the TNM stage. In
addition, our established nomogram incorporating IL-34
expression and other risk factors shows a significant
improvement in the accuracy of patient survival prediction,
thus contributing to precision medicine.
FIGURE 5 | Heatmap of pathological characteristics and 29 immune-related gene sets.
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FIGURE 6 | Functional analysis of differential genes between IL-34 high group and IL-34 low group. (A) Gene Ontology (GO) analysis. (B) Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis. (C) Gene set enrichment analysis (GSEA) analysis.
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FIGURE 7 | Calibration plot of the three- and five-year overall survival (OS) nomogram in The Cancer Genome Atlas (TCGA) cohort and the Nantong University (NTU)
cohort. (A) The nomogram consists of the signature score based on the expression of IL-34, age, gender, and stage in the TCGA cohort. (B) Calibration curve for
3-year OS in TCGA cohort. (C) Calibration curve for 5-year OS in TCGA cohort. (D) The nomogram consists of the signature score based on the expression of IL-
34, smoke, age, gender, and stage in the NTU cohort. (E) Calibration curve for 3-year OS in the NTU cohort. (F) Calibration curve for 5-year OS in the NTU cohort.
Frontiers in Oncology | www.frontiersin.org July 2021 | Volume 11 | Article 63972411

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. IL-34 Prognostic Value in LUAD
DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Clinical Research Ethics Committee of the Affiliated
Hospital of Nantong University. The patients/participants
provided their written informed consent to participate in this
study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.
AUTHOR CONTRIBUTIONS

Study concept and design: HZha and JS. Technical and material
support: ZW, JZ, TW, HZho, JW, and ZH. Analysis and
interpretation of data and drafting of the manuscript: ZW and
JZ. Obtained funding and study supervision: HZha and JS.
All authors contributed to the article and approved the
submitted version.
Frontiers in Oncology | www.frontiersin.org 12
FUNDING

This work was supported by funds from the National Natural
Science Foundation of China (81770266), the “Six-one” Project
for High-level Health Talents of Jiangsu province, China
(LGY2016037), Nantong Key Laboratory of Translational
Medicine in Cardiothoracic Diseases, Nantong Clinical Medical
Research Centre of Cardiothoracic Disease, and Institution of
Translational Medicine in Cardiothoracic Diseases in Affiliated
Hospital of Nantong University.
ACKNOWLEDGMENTS

The authors acknowledge Yifei Liu, director of the Department
of Pathology, Nantong University Hospital, for his selfless help.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
639724/full#supplementary-material
REFERENCES

1. Antoine L, Nathan D, Laure M, Briac C, Jean-Francois M, Corinnes B.
Compliance With Night-Time Overcorrection Bracing in Adolescent
Idiopathic Scoliosis: Result From a Cohort Follow-Up. Med Eng Phys
(2020) 77:137–41. doi: 10.1016/j.medengphy.2020.01.003

2. Gridelli C, Rossi A, Carbone DP, Guarize J, Karachaliou N, Mok T, et al. Non-
Small-Cell Lung Cancer. Nat Rev Dis Primers (2015) 1:15009. doi: 10.1038/
nrdp.2015.9

3. Denisenko TV, Budkevich IN, Zhivotovskys B. Cell Death-Based Treatment
of Lung Adenocarcinoma. Cell Death Dis (2018) 9:2–117. doi: 10.1038/
s41419-017-0063-y

4. Liu C, Yang Z, Deng Z, Zhou Y, Gong Q, Zhao R, et al. Downregulated miR-
144-3p Contributes to Progression of Lung Adenocarcinoma Through
Elevating the Expression of EZH2. Cancer Med (2018) 7(11):5554–66.
doi: 10.1002/cam4.1714

5. Ogawa S,Matsuoka Y, TakadaM,Matsui K, Yamane F, Kubota E, et al. Interleukin
34 (Il-34) Cell-Surface Localization Regulated by theMolecular Chaperone 78-kDa
Glucose-Regulated Protein Facilitates the Differentiation of Monocytic Cells. J Biol
Chem (2019) 294(7):2386–96. doi: 10.1074/jbc.RA118.006226

6. Lonardi S, Scutera S, Licini S, Lorenzi L, Cesinaro AM, Gatta LB, et al. CSF1R
Is Required for Differentiation and Migration of Langerhans Cells and
Langerhans Cell Histiocytosis. Cancer Immunol Res (2020) 8(6):829–41.
doi: 10.1158/2326-6066.CIR-19-0232

7. Hatton CF, Duncans CJA. Microglia Are Essential to Protective Antiviral
Immunity: Lessons FromMouse Models of Viral Encephalitis. Front Immunol
(2019) 10:2656. doi: 10.3389/fimmu.2019.02656

8. Ciccia F, Alessandro R, Rodolico V, Guggino G, Raimondo S, Guarnotta C,
et al. IL-34 Is Overexpressed in the Inflamed Salivary Glands of Patients With
Sjogren’s Syndrome and Is Associated With the Local Expansion of Pro-
Inflammatory CD14(bright)CD16+ Monocytes. Rheumatol (Oxford) (2013)
52(6):1009–17. doi: 10.1093/rheumatology/kes435

9. Udomsinprasert W, Jittikoon J, Honsaweks S. Interleukin-34 as a Promising
Clinical Biomarker and Therapeutic Target for Inflammatory Arthritis.Cytokine
Growth Factor Rev (2019) 47:43–53. doi: 10.1016/j.cytogfr.2019.05.005
10. Wada Y, Gonzalez-Sanchez HM, Weinmann-Menke J, Iwata Y, Ajay AK,
Meineck M, et al. IL-34-Dependent Intrarenal and Systemic Mechanisms
Promote Lupus Nephritis in MRL-Fas(lpr) Mice. J Am Soc Nephrol (2019) 30
(2):244–59. doi: 10.1681/ASN.2018090901

11. Bostrom EA, Lundbergs P. The Newly Discovered Cytokine IL-34 Is
Expressed in Gingival Fibroblasts, Shows Enhanced Expression by Pro-
Inflammatory Cytokines, and Stimulates Osteoclast Differentiation. PLoS
One (2013) 8(12):e81665. doi: 10.1371/journal.pone.0081665

12. Clavel G, Thiolat A, Boissiers MC. Interleukin Newcomers Creating New
Numbers in Rheumatology: IL-34 to IL-38. Joint Bone Spine (2013) 80(5):449–
53. doi: 10.1016/j.jbspin.2013.04.014

13. Lin W, Xu D, Austin CD, Caplazi P, Senger K, Sun Y, et al. Function of CSF1
and IL34 in Macrophage Homeostasis, Inflammation, and Cancer. Front
Immunol (2019) 10:2019. doi: 10.3389/fimmu.2019.02019

14. Liu Q, Fan J, Bai J, Peng L, Zhang T, Deng L, et al. IL-34 Promotes Foam Cell
Formation by Enhancing CD36 Expression Through P38 MAPK Pathway. Sci
Rep (2018) 8:17347. doi: 10.1038/s41598-018-35485-2

15. Blondy T, d’Almeida SM, Briolay T, Tabiasco J, Meiller C, Chene AL, et al.
Involvement of the M-CSF/IL-34/CSF-1R Pathway in Malignant Pleural
Mesothelioma. J Immunother Cancer (2020) 8:1. doi: 10.1136/jitc-2019-
000182

16. Baghdadi M, Wada H, Nakanishi S, Abe H, Han N, Putra WE, et al.
Chemotherapy-Induced IL34 Enhances Immunosuppression by Tumor-
Associated Macrophages and Mediates Survival of Chemoresistant Lung
Cancer Cells. Cancer Res (2016) 76(20):6030–42. doi: 10.1158/0008-
5472.CAN-16-1170

17. EndoH,HamaN, BaghdadiM, IshikawaK,OtsukaR,WadaH, et al. Interleukin-
34 Expression in Ovarian Cancer: A Possible Correlation With Disease
Progression. Int Immunol (2020) 32(3):175–86. doi: 10.1093/intimm/dxz074

18. Liu Q, Zhang Y, Zhang J, Tao K, Hambly BD, Baos S. Inverse Correlation
Between Interleukin-34 and Gastric Cancer, a Potential Biomarker for
Prognosis. Cell Biosci (2020) 10:94. doi: 10.1186/s13578-020-00454-8

19. Bao S, Hu R, Hamblys BD. IL-34, IL-36 and IL-38 in Colorectal Cancer-Key
Immunoregulators of Carcinogenesis. Biophys Rev (2020) 12(4):925–30.
doi: 10.1007/s12551-020-00726-0
July 2021 | Volume 11 | Article 639724

https://www.frontiersin.org/articles/10.3389/fonc.2021.639724/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.639724/full#supplementary-material
https://doi.org/10.1016/j.medengphy.2020.01.003
https://doi.org/10.1038/nrdp.2015.9
https://doi.org/10.1038/nrdp.2015.9
https://doi.org/10.1038/s41419-017-0063-y
https://doi.org/10.1038/s41419-017-0063-y
https://doi.org/10.1002/cam4.1714
https://doi.org/10.1074/jbc.RA118.006226
https://doi.org/10.1158/2326-6066.CIR-19-0232
https://doi.org/10.3389/fimmu.2019.02656
https://doi.org/10.1093/rheumatology/kes435
https://doi.org/10.1016/j.cytogfr.2019.05.005
https://doi.org/10.1681/ASN.2018090901
https://doi.org/10.1371/journal.pone.0081665
https://doi.org/10.1016/j.jbspin.2013.04.014
https://doi.org/10.3389/fimmu.2019.02019
https://doi.org/10.1038/s41598-018-35485-2
https://doi.org/10.1136/jitc-2019-000182
https://doi.org/10.1136/jitc-2019-000182
https://doi.org/10.1158/0008-5472.CAN-16-1170
https://doi.org/10.1158/0008-5472.CAN-16-1170
https://doi.org/10.1093/intimm/dxz074
https://doi.org/10.1186/s13578-020-00454-8
https://doi.org/10.1007/s12551-020-00726-0
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. IL-34 Prognostic Value in LUAD
20. Kajihara N, Kitagawa F, Kobayashi T, Wada H, Otsuka R, Seinos KI.
Interleukin-34 Contributes to Poor Prognosis in Triple-Negative Breast
Cancer. Breast Cancer (2020) 27(6):1198–204. doi: 10.1007/s12282-020-
01123-x

21. Zhou SL, Hu ZQ, Zhou ZJ, Dai Z, Wang Z, Cao Y, et al. miR-28-5p-IL-34-
Macrophage Feedback LoopModulates Hepatocellular CarcinomaMetastasis.
Hepatology (2016) 63(5):1560–75. doi: 10.1002/hep.28445

22. Nandi S, Cioce M, Yeung YG, Nieves E, Tesfa L, Lin H, et al. Receptor-Type
Protein-Tyrosine Phosphatase Zeta Is a Functional Receptor for Interleukin-
34. J Biol Chem (2013) 288(30):21972–86. doi: 10.1074/jbc.M112.442731

23. Segaliny AI, Brion R, Mortier E, Maillasson M, Cherel M, Jacques Y, et al.
Syndecan-1 Regulates the Biological Activities of Interleukin-34. Biochim
Biophys Acta (2015) 1853(5):1010–21. doi: 10.1016/j.bbamcr.2015.01.023

24. Booker BE, Clark RS, Pellom ST, Adunyahs SE. Interleukin-34 Induces
Monocytic-Like Differentiation in Leukemia Cell Lines. Int J Biochem Mol
Biol (2015) 6(1):1–16.

25. Zins K, Heller G, Mayerhofer M, Schreiber M, Abrahams D. Differential
Prognostic Impact of Interleukin-34 mRNA Expression and Infiltrating
Immune Cell Composition in Intrinsic Breast Cancer Subtypes. Oncotarget
(2018) 9(33):23126–48. doi: 10.18632/oncotarget.25226

26. Ji L, Li H, Gao P, Shang G, Zhang DD, Zhang N, et al. Nrf2 Pathway Regulates
Multidrug-Resistance-Associated Protein 1 in Small Cell Lung Cancer. PLoS
One (2013) 8(5):e63404. doi: 10.1371/journal.pone.0063404

27. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
Enumeration of Cell Subsets From Tissue Expression Profiles. Nat Methods
(2015) 12:453–7. doi: 10.1038/nmeth.3337

28. He Y, Jiang Z, Chen C, Wangs X. Classification of Triple-Negative Breast
Cancers Based on Immunogenomic Profiling. J Exp Clin Cancer Res (2018) 37
(1):327. doi: 10.1186/s13046-018-1002-1

29. Shi M, Wang Y, Tang W, Cui X, Wu H, Tang Y, et al. Identification of TP53
Mutation Associated-Immunotype and Prediction of Survival in Patients
With Hepatocellular Carcinoma. Ann Transl Med (2020) 8(6):321.
doi: 10.21037/atm.2020.02.98

30. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemals A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68
(6):394–424. doi: 10.3322/caac.21492

31. Yatabe Y, Borczuk AC, Powells CA. Do All Lung Adenocarcinomas Follow a
Stepwise Progression? Lung Cancer (2011) 74(1):7–11. doi: 10.1016/
j.lungcan.2011.05.021

32. Ladanyi M, Paos W. Lung Adenocarcinoma: Guiding EGFR-Targeted
Therapy and Beyond. Mod Pathol (2008) 21 Suppl 2:S16–22. doi: 10.1038/
modpathol.3801018
Frontiers in Oncology | www.frontiersin.org 13
33. Lin H, Lee E, Hestir K, Leo C, Huang M, Bosch E, et al. Discovery of a
Cytokine and Its Receptor by Functional Screening of the Extracellular
Proteome. Science (2008) 320(5877):807–11. doi: 10.1126/science.1154370

34. Raggi C, Correnti M, Sica A, Andersen JB, Cardinale V, Alvaro D, et al.
Cholangiocarcinoma Stem-Like Subset Shapes Tumor-Initiating Niche by
Educating Associated Macrophages. J Hepatol (2017) 66(1):102–15.
doi: 10.1016/j.jhep.2016.08.012

35. Zuroff LR, Torbati T, Hart NJ, Fuchs DT, Sheyn J, Rentsendorj A, et al. Effects
of IL-34 on Macrophage Immunological Profile in Response to Alzheimer’s-
Related Abeta42 Assemblies. Front Immunol (2020) 11:1449. doi: 10.3389/
fimmu.2020.01449

36. Clark R, Zwicker S, Bureik D, Johannsen G, Bostroms EA. Expression of
Colony-Stimulating Factor 1 and Interleukin-34 in Gingival Tissue and
Gingival Fibroblasts From Periodontitis Patients and Controls. J Periodontol
(2020) 91(6):828–35. doi: 10.1002/JPER.19-0296

37. Foucher ED, Blanchard S, Preisser L, Garo E, Ifrah N, Guardiola P, et al. IL-34
Induces the Differentiation of Human Monocytes Into Immunosuppressive
Macrophages. Antagonistic Effects of GM-CSF and Ifngamma. PLoS One
(2013) 8(2)e56045. doi: 10.1371/journal.pone.0056045

38. Chen Y, Li Z, Sun Y, Zhous GQ. An Immune-Related Gene Prognostic Index
for Head and Neck Squamous Cell Carcinoma. Clin Cancer Res (2020) 27
(1):330–41. doi: 10.1158/1078-0432.CCR-20-2166

39. Pender A, Titmuss E, Pleasance ED, Fan KY, Pearson H, Brown SD, et al.
Genome and Transcriptome Biomarkers of Response to Immune Checkpoint
Inhibitors in Advanced Solid Tumours. Clin Cancer Res (2020) 27(1):202–12.
doi: 10.1158/1078-0432.CCR-20-1163

40. Teramoto K, Igarashi T, Kataoka Y, Ishida M, Hanaoka J, Sumimoto H,
et al. Biphasic Prognostic Significance of PD-L1 Expression Status in
Patients With Early- and Locally Advanced-Stage Non-Small Cell Lung
Cancer. Cancer Immunol Immunother (2020) 70(4):1063–74. doi: 10.1007/
s00262-020-02755-w

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.

Copyright © 2021Wang, Zhu,Wang, Zhou, Wang, Huang, Zhang and Shi. 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.
July 2021 | Volume 11 | Article 639724

https://doi.org/10.1007/s12282-020-01123-x
https://doi.org/10.1007/s12282-020-01123-x
https://doi.org/10.1002/hep.28445
https://doi.org/10.1074/jbc.M112.442731
https://doi.org/10.1016/j.bbamcr.2015.01.023
https://doi.org/10.18632/oncotarget.25226
https://doi.org/10.1371/journal.pone.0063404
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1186/s13046-018-1002-1
https://doi.org/10.21037/atm.2020.02.98
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.lungcan.2011.05.021
https://doi.org/10.1016/j.lungcan.2011.05.021
https://doi.org/10.1038/modpathol.3801018
https://doi.org/10.1038/modpathol.3801018
https://doi.org/10.1126/science.1154370
https://doi.org/10.1016/j.jhep.2016.08.012
https://doi.org/10.3389/fimmu.2020.01449
https://doi.org/10.3389/fimmu.2020.01449
https://doi.org/10.1002/JPER.19-0296
https://doi.org/10.1371/journal.pone.0056045
https://doi.org/10.1158/1078-0432.CCR-20-2166
https://doi.org/10.1158/1078-0432.CCR-20-1163
https://doi.org/10.1007/s00262-020-02755-w
https://doi.org/10.1007/s00262-020-02755-w
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

	Loss of IL-34 Expression Indicates Poor Prognosis in Patients With Lung Adenocarcinoma
	Introduction
	Materials and Methods
	The Cancer Genome Atlas and Nantong University Cohorts
	Tissue Microarray, Immunohistochemistry Staining, and Assessment of Immunohistochemistry Staining Intensity
	Bioinformatics and Genetic Analyses
	Statistical Analysis
	Ethics Approval and Consent to Participate

	Results
	IL-34 Expression and Its Relationship With OS of Patients With LUAD
	Univariate and Multivariate Analyses
	Correlation Analysis of IL-34 and Immune Cell Infiltration
	Relationship Between Clinicopathological Characteristics and Tumor Immune Infiltration
	IL-34 Was Associated With Immune Response and Inflammation-Related Signaling Pathways
	Prognostic Nomograms for OS of Patients with LUAD

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	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 true
  /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 true
  /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 true
  /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


