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Currently, the prognosis of hepatocellular carcinoma (HCC) is poor, and there is a lack of
effective targeted therapy. As key mediators of the immune response, the prognostic
value of antigen-presenting cells (APCs) in HCC still remains unclear. In this study, we
aimed to identify APC-related genomic subtypes and develop a novel prognostic model in
HCC. Our results indicated that overall survival (OS) and the level of immune infiltration
significantly differed between different APC clusters. By analyzing the gene expression
profile between APC clusters, APC-related genomic subtypes were identified. There was
a significant difference in OS and tumor microenvironment infiltration in HCC patients with
different genomic subtypes. With the aid of genomic subtypes, significantly differentially
expressed genes were screened to generate a novel prognostic model. The risk score of
the model had a significant positive correlation with APCs and was associated with
immune checkpoint expressions. Through the clinical cohort collected from the First
Affiliated Hospital of Wenzhou Medical University, the prognostic value of the risk score
was further validated. Moreover, after the risk score and clinical characteristics were
combined, a nomogram was constructed to evaluate the prognosis for HCC patients. In
conclusion, we mainly identified the APC-related genomic subtypes and generated a
novel prognostic model to improve the prognostic prediction and targeted therapy for
HCC patients.
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INTRODUCTION

Hepatocellular carcinoma (HCC), the fourth most frequently
diagnosed cancer worldwide, accounts for about 90% of primary
liver cancers (1). HCC contributes to approximately 800,000 deaths
each year with the most common risk factors such as hepatotropic
viruses (HBV and HCV), alcohol consumption, and aflatoxin B1
exposure (2). Some significant improvements in the therapy of HCC
have been made over the past 2 or 3 decades, such as local ablative
therapies, resection, or transplantation (3). Recently,
immunotherapy for HCC has also been developed, which is
expected to become a new approach for targeted therapy of HCC
(4, 5). It has been reported that the biological processes of HCC are
closely associated with immune cell subpopulations, such as T cells
and macrophages (6). In addition, the tumor microenvironment
(TME) has also been found to be closely related to the unfavorable
prognosis and aggressive metastasis of HCC (7, 8). Currently, TME
has been considered an important modulator of HCC development
and progression and a source of identifying targets for potential
therapeutic agents by offering, inhibiting, or stimulating growth
signals (9). Taken together, exploring immune infiltration-related
pathways contributes to improving the assessment of HCC
prognosis and may provide new therapeutic avenues for HCC.

Antigen-presentingcells (APCs), as thecritical initialprocess in the
immuneresponse, playakey role inpresenting exogenous antigenson
major histocompatibility complex class I (MHC I) (10). APCs are
essential for the induction of protective cytotoxic T cell (CTL)
responses against tumors and various viruses (11, 12). Among
APCs, dendritic cells (DCs) are the most powerful APCs, which
play a crucial role in stimulating immature T cells and initiating the
primary immune response (13, 14). It is also known thatmacrophages
and B cells play a key role in antigen presentation and immune
response, contributing to the immune situation for cancers (15, 16).
Currently,APCshavebeen found tobeusedasprognostic biomarkers
in breast cancer and colon cancer (17, 18). Increasing evidence has
been shown that APCs could serve as stratification factors to develop
new therapeutic strategies for colorectal cancer (19). Recently, APCs
have been found to be involved in the regulation of the immune
environment ofHCC (20). However, the prognostic value of APCs in
HCC still remains largely unknown.
MATERIALS AND METHODS

Data Preparation
In this study, a total of 365 HCC patients, including complete
RNA transcriptome data (FPKM normalized) and clinical
characteristics (including age, gender, tumor grade, T stage, N
stage, and M stage), were obtained from The Cancer Genome
Abbreviations: HCC, hepatocellular carcinoma; TCGA, The Cancer Genome
Atlas; APCs, antigen-presenting cells; FDR, false-discovery rate; OS, overall
survival; AUC, area under the curve; ROC, receiver operating characteristic; K-
M, Kaplan–Meier; GO, Gene Ontology; CDF, cumulative distribution function;
TME, tumor microenvironment; FAHWMU, First Affiliated Hospital of Wenzhou
Medical University; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen;
CA199, carbohydrate antigen 19-9; PPI, protein-to-protein interaction
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Atlas (TCGA) database (https://portal.gdc.cancer.gov) as TCGA
cohort. HCC patients from a local HCC cohort (n = 115),
including clinical characteristics and antigen-presenting related
gene (ARG) expressions, were enrolled at the First Affiliated
Hospital of Wenzhou Medical University (FAHWMU)
(Wenzhou, China). The collection of this cohort was reviewed
and approved by the human research ethics committee of the
FAHWMU. All patients/participants provided their written
informed consent to participate in this study. The 17 ARGs
(PNRC1, CTSS, CTSF, HLA-DRA, HLA-DRB1, ATF3, RFX3,
USP11, USP34, PSMA3, PSMA4, IRF1, CD207, CLEC4A,
CLEC5A, CD1A, and CD1C) used in this study were gained
from MSigDB database (https://www.gsea-msigdb.org/
gsea/msigdb).

Among the clinical characteristics in the FAHWMU cohort,
the laboratory variables were taken from the results of a test
closest to the date of surgery, including hepatitis B, alpha-
fetoprotein (AFP), carcinoembryonic antigen (CEA), and
carbohydrate antigen 19-9 (CA199). The histopathological
variables (including tumor size, lymph node invasion, vascular
invasion, and perineural invasion) were also included. Based on
the 8th edition of the American Joint Committee on Cancer
(AJCC) Staging Manual, the TNM stage for each HCC patient
was obtained. In addition, age and gender were included as the
demographic characteristics.

The total RNA from the liver tissues of the FAHWMU cohort
was extracted using TRIzol reagent. The mRNA was then reverse
transcribed into cDNA using ribo SCRIPTTM reverse
transcription kit. The expression levels of mRNA were
calibrated with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). SYBR Green master mix was added, and real-time
PCR was carried out using a 7500 rapid quantitative PCR system
(Applied Biosystems, Foster City, CA, USA). The CT value of
each well was recorded, and the relative quantification of the
amplified products was performed using the 2−DCt method.

Enrichment Analysis
To initially analyze the related functionality of ARGs, the Gene
Ontology (GO) enrichment analysis was performed according to
the Enrich database (http://amp.pharm.mssm.edu/Enrichr/) (21). In
addition, the Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis, based on the DAVID database (https://david.
ncifcrf.gov/), was utilized to reveal the ARG-related potential
signaling pathways. Through the Genomics of Drug Sensitivity in
Cancer (GDSC; https://www.cancerrxgene.org) dataset, the
response of HCC patients to potential chemotherapeutic drugs
was predicted. The sensitivity of chemotherapeutic drugs was
calculated by the half-maximal inhibitory concentration (IC50)
method, and IC50 was estimated using the R package
“pRRophetic” (22). In targeting correlation analyses with respect
to immune checkpoints, the Wilcoxon test and Pearson’s
correlation analysis were applied to calculate the relationship
between different groups.

Raw data on tumor mutational burden (TMB) for HCC
patients were enrolled from TCGA database (https://portal.gdc.
cancer.gov/). With the aid of the “mattool” R package, upstream
analysis of whole-genome sequencing and whole-exome
June 2022 | Volume 12 | Article 887008
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sequencing data was performed (23). For systematic analysis of
TMB indicators in individual HCC patients, somatic mutation
analysis was used, with the “getsamplesummary” function and
the “getgenesumprice” function retrieving sample information
and gene information, respectively (24).

Consensus Clustering
The consensus clustering method was used to identify the APC-
related subtypes in this study (25). In the consensus clustering, the
resampling method was applied to reduce the error. Meanwhile,
the number of cluster k values was specified to calculate the
rationality under different cluster numbers (26). The k value with
the smallest cumulative distribution function (CDF) slope was
considered the optimal value for separating clusters when the
consensus index value ranged from 0.1 to 0.9 (27).

Estimation of Relative Immune Cell
Content
The relative ESTIMATE score, Immune score, and Stromal score
for individual HCC patients were estimated using the Estimation of
STromal and Immune cells in MAlignant Tumor tissues using the
Expression data (ESTIMATE) algorithm (28). Meanwhile, the
proportion of 22 tumor-infiltrating immune cells (TICs) was
calculated through the CIBERSOFT algorithm, which is a gene-
based deconvolution algorithm that infers 22 human TIC types and
quantifies the relative fraction of each cell type (29). The details for
Frontiers in Oncology | www.frontiersin.org 3
genes, which represent 22 TICs, are presented inTable S1. To assess
the activity of the programmed death-ligand 1 (PD-L1) antibody in
patients, the IMvigor210 trial was also applied (30).

Clinical Implication Analysis
Kaplan–Meier (K-M) method was applied to construct K-M
survival curves (31). Meanwhile, the log-rank test was used to
validate the accuracy of the K-M survival curve (32). The receiver
operating characteristic (ROC) curve, based on the R package
“timeROC,” was generated to evaluate the correlation between
indices and overall survival (OS) (33). The univariate Cox
regression analysis was employed to further evaluate the clinical
prognostic value. The predictors including clinical characteristics
and risk scores were integrated by the nomogram. Through the Cox
regression method, the calibration curve at the 1st, 2nd, and 3rd
years and the PH hypothesis analysis were constructed to verify the
accuracy of the nomogram Table 1 (34).
RESULTS

Antigen-Presenting Related Genes Were
Closely Associated With the Progression
of Hepatocellular Carcinoma
The overview of the study design is shown in Figure 1. As presented
in Figure 2A, the GO function enrichment analysis revealed the
TABLE 1 | Clinical characteristics for HCC patients in TCGA cohort and the FAHWMU cohort.

TCGA cohort (n = 365) FAHWMU cohort (n = 115)

Age, years 61.19 ± 14.38 49.59 ± 11.38
Gender
Male 246 (67.4%) 67 (58.3%)
Female 119 (32.6%) 48 (41.7%)

TNM stage
I 170 (46.6%) 44 (38.3%)
II 84 (23.0%) 25 (21.7%)
III 83 (22.7%) 37 (32.2%)
IV 4 (1.1%) 9 (7.8%)
Unknown 24 (6.6%) NA

Tumor size, cm
≤5 NA 69 (60.0%)
>5 NA 46 (40.0%)

Hepatitis B
Negative NA 67 (52.3%)
Positive NA 48 (41.7%)

Lymph node invasion
No NA 83 (72.2%)
Yes NA 32 (27.8%)

Vascular invasion
No NA 84 (73.0%)
Yes NA 31 (27.0%)

Perineural invasion
No NA 90 (78.3%)
Yes NA 25 (21.7%)

Albumin, g/L NA 39.00 ± 3.40
AFP, ng/ml NA 2.52 ± 0.27
CEA, mg/L NA 2.38 ± 0.57
CA199, U/ml NA 46.80 ± 12.90
June 2022 |
HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas; FAHWMU, First Affiliated Hospital of Wenzhou Medical University; AFP, alpha-fetoprotein; CEA, carcinoembryonic
antigen; CA199, carbohydrate antigen 19-9; NA, Not Applicable.
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ARG-enriched significant cellular functions. Except for the
functions related to antigen presentation, there were also a large
number of cellular functions closely related to various pathways of
the immune response as well as stress response, protein
ubiquitination, and interferon signature pathways. The protein-to-
protein interaction (PPI) relationships of ARGs were displayed in
the PPI network (Figure 2B). It was found that CD1C, IRF1, and
CLEC4A had the most protein interactions with other ARGs. As
indicated in Figure 2C, the ARG expressions were examined
between adjacent non-tumorous samples and HCC samples. Our
results showed that PNRC1, ATF3, CD207, and CD1C were
obviously reduced in the HCC samples compared to non-
tumorous samples, whereas RFX3, USP11, USP34, PSMA3,
PSMA4, CLEC4A, and CD1A were increased in HCC samples.
The correlation network of ARGs was presented in Figure 2D.
Frontiers in Oncology | www.frontiersin.org 4
The Clinical Value and Immune
Characteristics for Antigen-Presenting
Cell-Related Subtypes
Based on the CDF method with an optimal k value of 2, HCC
patients in TCGA cohort were classified into 2 APC-related
subtypes via consensus clustering analysis (Figures 3A, B,
Figure S1). As shown in Figure 3C, the K-M survival curves
showed that patients in the APC cluster A had a significantly
lower OS compared to APC cluster B (Figure 3C, p = 0.017). The
complex heatmap displayed the distribution of clinical
characteristics and ARG expressions between APC clusters
(Figure 3D). Most ARGs showed higher expression levels in
APC cluster A in comparison with APC cluster B. As shown in
Figure 4A, the relative scale of a fraction of plasma cells, T-cell
CD4 memory activated, T-cell follicular helper, and T-cell
FIGURE 1 | The overall workflow of this study.
June 2022 | Volume 12 | Article 887008
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regulatory (Tregs) was significantly downregulated in APC
cluster B compared to APC cluster A (p < 0.01). By contrast,
monocytes, mast cell resting, and mast cells activated were
remarkably upregulated in APC cluster B (p < 0.01). Moreover,
the TME scores (Immune score, Stromal score, and ESTIMATE
score) were obviously lower in APC cluster B (p < 0.01). For
TME scores, lower Immune score and Stromal score indicated a
lower relative content of stromal cells and immunocytes in TME,
while a lower ESTIMATE score indicated the lower aggregation
of Stromal and Immune scores in TME. The associations
between APC clusters and immune checkpoints were next
analyzed. All immune checkpoints including CTLA4, FOXP3,
IL10, and PD-L1 were obviously downregulated in APC cluster B
(Figure 4B, p < 0.05), implying that the immune system of
patients with APC cluster A may be suppressed. In addition, a
lower TMB value was shown in APC cluster B (Figure 4C,
Frontiers in Oncology | www.frontiersin.org 5
p = 0.036), indicating that patients in APC cluster A may benefit
from immunotherapy.

The Clinical Value and Immune
Characteristics of Genomic Subtypes
With the use of the Wilcoxon test, a total of 980 significantly
differentially expressed genes (DEGs) were screened in APC
clusters as the potential genes targeting APCs. Subsequently,
the consensus clustering was performed again based on the
genome matrix for 980 DEGs. Based on the CDF method, the
optimal k value was selected to divide HCC patients into 3 main
APC-related genomic subtypes (Figures 5A, B, Figure S1). The
K-M survival curve was used to analyze the OS among genomic
clusters. Our data indicated that genomic cluster C had lower OS
compared to genomic clusters A and B (Figure 5C, p = 0.026).
We additionally analyzed the scale of fraction for 22 main TICs
A B

D

C

FIGURE 2 | Differential expression of antigen-presenting cell-related genes (ARGs) is closely associated with the biological progression of hepatocellular carcinoma
(HCC). (A) Gene Ontology (GO) enrichment analysis based on the differences in 17 ARG expression levels between adjacent non-tumorous samples and HCC
samples (p < 0.05). (B) The protein-to-protein interaction (PPI) network of 17 ARGs (coef > 0.4). (C) The boxplot displays the expression differences of 17 ARGs
between adjacent non-tumorous samples and HCC samples (*p < 0.05, **p < 0.01, ***p < 0.001). (D) The correlation network of ARGs. The correlation coefficients
are represented by different colors. ns, no significance.
June 2022 | Volume 12 | Article 887008
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and ESTIMATE scores among genomic subtypes (Figure 5D).
The relations between clinical characteristics and DEGs
expressions in different genomic subtypes are shown in the
heatmap (Figure 5E). The expression of most DEGs tended to
increase as APC-related clustering from A to C. The GO
enrichment analysis showed the functions of immune
responses, multiple metabolic responses, and various basic
physiological activities differed significantly among genomic
subtypes (Figures 6A, B, p < 0.05).

Generation and Validation of the
Prognostic Model
Based on the Lasso-Cox regression analysis of DEGs, a total of 12
hub prognostic-related genes were screened to generate the
prognostic model. The risk score under the prognostic model
was next calculated according to the gene expressions and
optimal coefficients.

Risk score = EIF2S1 * 0.0087
+YBX1 * 0.0011
+OLA1 * 0.0022
+TRMT10C * 0.0032
+KIF20A * 0.0075
+SF3B4 * 0.0047
+ETF1 * 0.0024
+CDCA8 * 0.013
Frontiers in Oncology | www.frontiersin.org 6
+YARS1 * 0.029
+DLAT * 0.0034
+TIMM23 * 0.0056
+GDI2 * 0.0020

All HCC patients in TCGA cohort were divided into the high-
risk group (n = 149) and low-risk group (n = 216) according to
the optimal risk score. The expression levels of 12 genes between
risk groups were presented in Figure S3A (all p < 0.001).
Interestingly, the high-risk group had lower OS as compared to
the low-risk group (Figure 6C, p = 0.002). The distribution of
genomic subtypes, risk scoring groups, and OS status is shown in
Figure 6D. The time-independent ROC curve further indicated
the predicting accuracy of the prognostic model in the 1st, 2nd,
and 3rd years (Figure 6E, all areas under the curve (AUCs) >
0.700). The AUC value was significantly higher as compared to 4
published signatures (Figure S2) (35–38). The distribution of
risk score, OS status, and OS time is shown in Figure 6F.
Notably, with the increasing risk score, the OS time of most
HCC patients tended to be downregulated, which further verified
the prognostic value of the model.

It was found that the relative scale of fraction for plasma cells,
T-cell CD8, T-cell CD4 memory resting, T-cell CD4 memory
activated, Tregs, macrophages M1, and DCs resting was
obviously lower in the high-risk group than that in the low-
risk group (Figure 7A, p < 0.01). By contrast, macrophages M0
A B

D

C

FIGURE 3 | Identification of main antigen-presenting cell (APC)-related subtypes in hepatocellular carcinoma (HCC). (A) Identification of the optimal k value in the
consensus clustering (k = 2). (B) Expression distribution of different subtypes when consumption index k = 2. (C) The Kaplan–Meier (K-M) survival curve of 2 main
APC clusters (p = 0.017). (D) The complex heatmap displays the difference in clinical characteristics and ARG expression levels between different APC clusters.
June 2022 | Volume 12 | Article 887008
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and M2 were remarkably higher in the high-risk group than in
the low-risk group (p < 0.01). In addition, all the ESTIMATE
scores were significantly downregulated in the high-risk group
(p < 0.001). We also analyzed the correlation between risk score
and the relative levels of immune infiltration (Figure 7B). There
were positive correlations between immune cells (B cells, CD4 cells,
CD8 cells, DCs, macrophages, and neutrophils) and risk score.
Further studies were performed to explore the relations between
immune checkpoint expressions and risk scores (Figure 7C).

Based on the optimal TME value calculated by the mattools
methods, all HCC patients were assigned to the high-TMB (n =
49) and the low-TMB groups (n = 301). The results of the K-M
survival curve indicated that the OS rate for HCC patients with
high TMB was significantly worse than that with low TMB
(Figure 8A, p < 0.001). The prognostic value of risk score
combined with TMB is shown in Figure 8B. We found that
patients with low-TMB and low-risk scores had remarkably
better prognostic status than others (p < 0.001). In addition,
the oncoplots demonstrated the differences in mutated genes,
mutation frequency, mutation types, and OS status between risk
scoring groups (Figures 8C, D). Figure 8E indicates the results
of the drug sensitivity test between risk score and six common
chemotherapeutic drugs (including bosutinib, cyclopamine,
dasatinib, gefitinib, metformin, and elesclomol) targeting HCC.
Taken together, the risk score showed significant sensitivities to
all chemotherapeutic drugs (p < 0.001). In the IMvigor210
cohort, the risk score of patients with stable disease or
progressive disease (SD/PD) was remarkably lower than that of
Frontiers in Oncology | www.frontiersin.org 7
patients with complete response or partial response (CR/PR)
(Figure S3B, p = 0.004).
The Clinical Prognostic Value of the Risk
Score Was Verified in the External Cohort
The clinical prognostic value of this prognostic model was
further validated in the FAHWMU cohort (n = 115).
According to the above calculation formula, all HCC patients
in the FAHWMU cohort were separated into the high-risk (n =
58) and low-risk groups (n = 57). The K-M survival curve
indicated that the risk score had a good performance for
predicting the OS outcomes (Figure 9A, p < 0.001). The time-
independent ROC curve further demonstrated the prognostic
value of the model (Figure 9B). It was found that the AUC value
reached 0.816 in the 1st year, 0.922 in the 2nd year, and 0.928 in
the 3rd year. The univariate Cox regression analysis of the risk
score and clinical characteristics (including gender, age, TNM
stage, tumor size, hepatitis B, Lymph node invasion, vascular
invasion, perineural invasion, albumin, AFP, CEA, and CA199)
was performed. Clearly, it was found that risk score, tumor size,
AFP, and CEA were remarkably correlated with OS of HCC
patients (Figure 9C, p < 0.05). Subsequently, they were used to
construct a novel nomogram to better predict the prognosis of
HCC (Figure 9D). In addition, the calibration curves were
applied to validate the accuracy of the nomogram in the 1st,
2nd, and 3rd years (Figure 9E). The PH hypothesis analysis of
the nomogram model is shown in Table S2.
A

B

C

FIGURE 4 | Differences in immune infiltration levels between different antigen-presenting cell (APC) clusters. (A) The boxplot shows the difference between 22 tumor-infiltrating
immune cells (TICs) and ESTIMATE scores between different APC clusters. (B) Difference in the expression of 4 immune checkpoint between different APC clusters (*p < 0.05,
**p < 0.01, ***p < 0.001). (C) Difference in tumor mutational burden (TMB) between different APC clusters (p = 0.036). ns, no significance.
June 2022 | Volume 12 | Article 887008
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DISCUSSION

Recent studies have demonstrated that mining the subtypes of
HCC patients through bioinformatics ways could contribute to
identifying prognostic patterns for HCC (39, 40). Wu et al.
previously defined a CPS1-deficient HCC subtype to provide
new insights for therapeutics of HCC through targeting fatty acid
oxidation (41). Currently, new tumor immunotherapies based on
the APCs have also been explored, which are expected to become
Frontiers in Oncology | www.frontiersin.org 8
new approaches for targeted therapy of HCC (42). Kirkin et al.
found that tumor-reactive effector cells can be generated in vitro
by exposure to antigens induced by DNA demethylation (43).
The tumor-reactive effector cells can be considered APCs to
provide a novel invasive therapeutic strategy for treating cancer.
Chiozzini et al. demonstrated that tumor cells with professional
antigen-presenting functions resulted in the induction of
effective tumor-specific CTL immune responses (44). Recently,
it has been reported that programmed cell death ligand 1 (PD-
A B

D

E

C

FIGURE 5 | Identification of main genomic subtypes according to the antigen-presenting cell (APC) clusters. (A) Identification of the optimal k value in the consensus
clustering (k = 3). (B) Expression distribution of different subtypes when consumption index k = 3. (C) The Kaplan–Meier (K-M) survival curve of 3 genomic clusters (p = 0.026).
(D) The boxplot displays the difference between 22 tumor-infiltrating immune cells (TICs) among different genomic subtypes. (E) The complex heatmap shows the difference in
clinical characteristics and differentially expressed gene (DEG) expression levels among different APC clusters. *p < 0.05, **p < 0.01, ***p < 0.001. ns, no significance.
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https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Identification of APC-Related Genomic Subtypes
L1) expressed on APCs plays a crucial role in checkpoint
blockade therapy for HCC (45). Currently, there is still huge
potential for the development of HCC immunotherapy targeting
APCs. In this study, we identified APC-related genomic subtypes
of HCC to determine their prognostic patterns and explore
immunotherapy methods. In addition, a novel prognostic
model was generated to improve the prognostic prediction
of HCC.

Previous studies have found that by assessing immunosuppressive
factors and immunomodulatory effects of APCs, immunosuppressive
TME is associatedwith the effects of cancer immunotherapy (46). The
Frontiers in Oncology | www.frontiersin.org 9
activation of APCs can elicit the TME to generate a strong immune
response (47). In this study, APC-related subtypes were closely related
to TME scores and the relative contents of TICs, especially for T cells
and macrophages. With the increase of the risk score in the
prognostic model, the ESTIMATE scores for TME and relative
contents of T cells tended to be downregulated, while the relative
contents of macrophages tended to be upregulated. In fact, it has been
found that APCs pulsed with gp96-peptide complexes derived from
HCC cells are effective in activating specific T-cell responses (48). In
addition, ARGs could be highly enriched in macrophages, leading to
the increased infiltration of CD8 cytotoxic T lymphocytes, which
A B

D

E F

C

FIGURE 6 | Prognostic value of the novel risk score. (A) Gene Ontology (GO) enrichment analysis based on the gene expression differences among different
genomic subtypes (p < 0.05). (B) GO enrichment analysis based on the gene expression differences among different genomic subtypes (p < 0.05). (C) The Kaplan–
Meier (K-M) survival curve displays the difference in overall survival (OS) between different risk scoring groups. (D) The correlation between genomic subtypes, risk
score, and survival status. (E) The time-independent receiver operating characteristic (ROC) curve of the risk score regarding OS. (F) The association of the risk
score, survival time, and survival status.
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significantly affects the immune environment of HCC (49).
Consistent with the previous findings, our results also provide new
insights into the identification of the immune environment of HCC.

Among 12 hub genes in our risk signature, GDI2 is mainly
involved in the lipid metabolism and extracellular matrix (ECM)
building pathways of HCC (50). DLAT may serve as a potential
immunotherapeutic target for its affection to cancer cell
proliferation and carbohydrate metabolism (51). Previous
studies showed that targeting CDCA88 may be the next
molecular strategy for primary HCC treatment and prevention
of metastasis or recurrence (52). Activation of ETF1 could
effectively increase cancer cell invasion and metastasis, which
Frontiers in Oncology | www.frontiersin.org 10
may provide new insights for developing therapeutic strategies
(53). Negatively regulated by miRNA-133b, SF3B4 has also been
found to effectively promote cell proliferation and metastasis in
HCC. The miRNA-133b/SF3B4 axis may serve as a new
immunotherapeutic target for HCC treatment (54). The other
hub genes (e.g., YBX1, OLA1, TRMT10C, and KIF20A) also play
a key role in the development and prognosis of the pan-cancer
section (55–58). Meanwhile, the role of TIMM23, YARS1, and
EIF2S1 in affecting HCC is still unclear. Herein, the combined
clinical value of these genes was further explored.

Currently, immune checkpoint inhibitor (ICI) therapy
targeting anti-PD-1 or its ligand anti-PD-L1 is a key step in
A

B

C

FIGURE 7 | Association between the risk score and immune infiltration. (A) The boxplot displays the differences in tumor-infiltrating immune cell (TIC) expressions and
ESTIMATE score between different risk scoring groups (*p < 0.05, **p < 0.01, ***p < 0.001). (B) The scatter chart shows the correlation between the risk score and TICs. (C)
The boxplot indicates the differences of immune checkpoint expressions between different risk scoring groups (*p < 0.05, **p < 0.01, ***p < 0.001). ns, no significance.
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combination regimens aimed at improving the prognosis of
HCC patients (59). Recent studies have reported that
combining anti-PD-L1 with anti-CTLA4 increased the function
of tumor-infiltrating lymphocytes and restored HCC-derived T-
cell responses to tumor antigens (60). In line with it, our results
indicated that the expression of PD-1 (CD274) was significantly
lower in the high-risk group, whereas the expressions of CD276
and TNFSF4 had the opposite effects. These results were
consistent with the distribution of immune checkpoints, and
TNFSF4 may serve as a potential target for the immunotherapy
of HCC. Among the chemotherapeutic drugs used in this study,
dasatinib could specifically reduce the viability of sr-HCC cells
with upregulated activity for targeted therapy of HCC (61). Also,
gefitinib is effective in promoting decreased cell proliferation and
Frontiers in Oncology | www.frontiersin.org 11
enhanced apoptosis in the human HCC cell line (62). In this
study, the risk score showed remarkable sensitivity to these
chemotherapeutic drugs, indicating its ability to serve as an
indicator of the progression of HCC therapy treatment. It is
known that nomograms are important for assisting treatment
decisions and optimizing treatment approaches (63, 64).
Meanwhile, it has been reported that the level of CA199 and
AFP can be used as prognostic markers of HCC and accurately
predict the changes of OS (65). We further combined CA199,
AFP, the prognostic model, and other clinical characteristics into
a nomogram, contributing to improving the prognostic
prediction of HCC.

The advantages of this study could be summarized in the
following aspects. It is the first time to determine the APC-
A B
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C

FIGURE 8 | The exchange of risk score is closely related to tumor mutational burden (TMB) and drug sensitivity. (A) The Kaplan–Meier (K-M) survival curve shows the
difference in overall survival (OS) in the different TMB groups. (B) The K-M survival curve displays the combined impact of TMB and risk score on the OS. (C, D) The
oncoplots indicate the differences in TMB status (including mutation type, number of mutations, and mutated genes) between risk scoring groups. (E) The drug sensitivity
analysis shows the correlation between risk score and chemotherapeutic drugs (including bosutinib, cyclopamine, dasatinib, gefitinib, metformin, and elesclomol).
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related genomic subtypes and identify prognostic patterns and
immune characteristics for HCC. Moreover, a novel prognostic
model was constructed, contributing to the evaluation of the
immune environment for HCC patients. In addition, the external
clinical implication of the prognostic model was further validated
in the FAHWMU cohort.

In conclusion, we identify the APC-related genomic subtypes,
which contribute to determining prognostic patterns and
characterization of TME infiltration of HCC. Based on the APC-
related genomic subtypes, a novel prognostic model is generated to
further improve the prognostic prediction and targeted therapy for
HCC patients.
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FIGURE 9 | Clinical prognostic value of the risk score in the First Affiliated Hospital of Wenzhou Medical University (FAHWMU) cohort (n = 115). (A) The Kaplan–
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carbohydrate antigen 19-9 (CA199)) regarding OS. (D) The nomogram combines the risk score and clinical characteristics significantly related to OS (p < 0.05). (E)
The calibration curves are used to verify the nomogram in the 1st, 2nd, and 3rd years.
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28. Yoshihara K, Shahmoradgoli M, Martıńez E, Vegesna R, Kim H, Torres-Garcia W,
et al. Inferring Tumour Purity and Stromal and Immune Cell Admixture From
Expression Data. Nat Commun (2013) 4:2612. doi: 10.1038/ncomms3612

29. 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(5):453–7. doi: 10.1038/nmeth.3337

30. Kim TJ, Cho KS, Koo KC. Current Status and Future Perspectives of
Immunotherapy for Locally Advanced or Metastatic Urothelial Carcinoma: A
Comprehensive Review. Cancers (Basel) (2020) 12(1):192. doi: 10.3390/cancers
12010192

31. Fojo T, Simon R. Inappropriate Censoring in Kaplan-Meier Analyses. Lancet
Oncol (2021) 22(10):1358–60. doi: 10.1016/s1470-2045(21)00473-3

32. Self SG. An Adaptive Weighted Log-Rank Test With Application to Cancer
Prevention and Screening Trials. Biometrics (1991) 47(3):975–86. doi:
10.2307/2532653

33. Nikas JB, LowWC. ROC-Supervised Principal Component Analysis in Connection
With the Diagnosis of Diseases. Am J Transl Res (2011) 3(2):180–96.

34. Martinussen T, Holst KK, Scheike TH. Cox Regression With Missing
Covariate Data Using a Modified Partial Likelihood Method. Lifetime Data
Anal (2016) 22(4):570–88. doi: 10.1007/s10985-015-9351-y

35. Xu M, Ma T, Shi S, Xing J, Xi Y. Development and Validation of a Mutational
Burden-Associated LncRNA Signature for Improving the Clinical Outcome of
Hepatocellular Carcinoma. Life (Basel Switzerland) (2021) 11(12):1312.
doi: 10.3390/life11121312

36. Wang W, Deng Z, Jin Z, Wu G, Wang J, Zhu H, et al. Bioinformatics Analysis
and Experimental Verification of Five Metabolism-Related lncRNAs as
Prognostic Models for Hepatocellular Carcinoma. Medicine (2022) 101(4):
e28694. doi: 10.1097/md.0000000000028694

37. Huang S, Zhang J, Lai X, Zhuang L, Wu J. Identification of Novel Tumor
Microenvironment-Related Long Noncoding RNAs to Determine the
Prognosis and Response to Immunotherapy of Hepatocellular Carcinoma
Patients. Front Mol Biosci (2021) 8:781307. doi: 10.3389/fmolb.2021.781307

38. Deng M, Lin J, Zhao R, Li S, Lin W, Zou J, et al. Construction of a Novel
Immune-Related lncRNA Signature and its Potential to Predict the Immune
Status of Patients With Hepatocellular Carcinoma. BMC Cancer (2021) 21
(1):1347. doi: 10.1186/s12885-021-09059-x

39. Wang Y, Wang Z, Sun J, Qian Y. Identification of HCC Subtypes With
Different Prognosis and Metabolic Patterns Based on Mitophagy. Front Cell
Dev Biol (2021) 9:799507. doi: 10.3389/fcell.2021.799507

40. Ding L, Yu Y, Edmondson E, Weil M, Pop L, McCarthy M, et al.
Transcriptomic Analysis Links Hepatocellular Carcinoma (HCC) in HZE
Ion Irradiated Mice to a Human HCC Subtype With Favorable Outcomes. Sci
Rep (2021) 11(1):14052. doi: 10.1038/s41598-021-93467-3

41. Wu T, Luo G, Lian Q, Sui C, Tang J, Zhu Y, et al. Discovery of a Carbamoyl
Phosphate Synthetase 1-Deficient HCC Subtype With Therapeutic Potential
Through Integrative Genomic and Experimental Analysis. Hepatol (Baltimore
Md) (2021) 74(6):3249–68. doi: 10.1002/hep.32088

42. Deronic A, Nilsson A, Thagesson M, Werchau D, Enell Smith K, Ellmark P.
The Human Anti-CD40 Agonist Antibody Mitazalimab (ADC-1013; JNJ-
64457107) Activates Antigen-Presenting Cells, Improves Expansion of
Antigen-Specific T Cells, and Enhances Anti-Tumor Efficacy of a Model
Cancer Vaccine In Vivo. Cancer Immunol Immunother CII (2021) 70
(12):3629–42. doi: 10.1007/s00262-021-02932-5

43. Kirkin A, Dzhandzhugazyan K, Guldberg P, Fang J, Andersen R, Dahl C, et al.
Adoptive Cancer Immunotherapy Using DNA-Demethylated T Helper Cells
as Antigen-Presenting Cells. Nat Commun (2018) 9(1):785. doi: 10.1038/
s41467-018-03217-9

44. Chiozzini C, Olivetta E, Sanchez M, Arenaccio C, Ferrantelli F, Leone P, et al.
Tumor Cells Endowed With Professional Antigen-Presenting Cell Functions
Prime PBLs to Generate Antitumor CTLs. J Mol Med (Berlin Germany) (2019)
97(8):1139–53. doi: 10.1007/s00109-019-01797-7

45. Chen D, Ning W, Jiang Z, Peng Z, Zhu L, Zhuang S, et al. Glycolytic
Activation of Peritumoral Monocytes Fosters Immune Privilege via the
PFKFB3-PD-L1 Axis in Human Hepatocellular Carcinoma. J Hepatol
(2019) 71(2):333–43. doi: 10.1016/j.jhep.2019.04.007
Frontiers in Oncology | www.frontiersin.org 14
46. Phuengkham H, Ren L, Shin I, Lim Y. Nanoengineered Immune Niches for
Reprogramming the Immunosuppressive Tumor Microenvironment and
Enhancing Cancer Immunotherapy. Adv Mat (Deerfield Beach Fla) (2019)
31(34):e1803322. doi: 10.1002/adma.201803322

47. Zhao H, Zhao B, Wu L, Xiao H, Ding K, Zheng C, et al. Amplified Cancer
Immunotherapy of a Surface-Engineered Antigenic Microparticle Vaccine by
Synergistically Modulating Tumor Microenvironment. ACS Nano (2019) 13
(11):12553–66. doi: 10.1021/acsnano.9b03288

48. Wang X, Qin Y, Hu M, Xie Y. Dendritic Cells Pulsed With Gp96-Peptide
Complexes Derived From Human Hepatocellular Carcinoma (HCC) Induce
Specific Cytotoxic T Lymphocytes. Cancer Immunol Immunother CII (2005)
54(10):971–80. doi: 10.1007/s00262-005-0662-9

49. Xiao N, Li K, Zhu X, Xu B, Liu X, Lei M, et al. CD74 Macrophages are
Associated With Favorable Prognosis and Immune Contexture in
Hepatocellular Carcinoma. Cancer Immunol Immunother CII (2022) 71
(1):57–69. doi: 10.1007/s00262-021-02962-z

50. Zhang W, Liu Z, Xia S, Yao L, Li L, Gan Z, et al. GDI2 is a Novel Diagnostic
and Prognostic Biomarker in Hepatocellular Carcinoma. Aging (Albany NY)
(2021) 13(23):25304–24. doi: 10.18632/aging.203748

51. Goh WQ, Ow GS, Kuznetsov VA, Chong S, Lim YP. DLAT Subunit of the
Pyruvate Dehydrogenase Complex is Upregulated in Gastric Cancer-
Implications in Cancer Therapy. Am J Transl Res (2015) 7(6):1140–51.

52. Jeon T, Ko MJ, Seo YR, Jung SJ, Seo D, Park SY, et al. Silencing CDCA8
Suppresses Hepatocellular Carcinoma Growth and Stemness via Restoration
of ATF3 Tumor Suppressor and Inactivation of AKT/b-Catenin Signaling.
Cancers (Basel) (2021) 13(5):1055. doi: 10.3390/cancers13051055

53. Hu A, Hong F, Li D, Xie Q, Chen K, Zhu L, et al. KDM3B-ETF1 Fusion Gene
Downregulates LMO2 via the WNT/b-Catenin Signaling Pathway, Promoting
Metastasis of Invasive Ductal Carcinoma. Cancer Gene Ther (2022) 29
(2):215–24. doi: 10.1038/s41417-021-00301-z

54. LiuZ,LiW,PangY,ZhouZ,LiuS,ChengK, et al. SF3B4 isRegulatedbymicroRNA-
133b and Promotes Cell Proliferation andMetastasis in Hepatocellular Carcinoma.
EBioMedicine (2018) 38:57–68. doi: 10.1016/j.ebiom.2018.10.067

55. Lu S, Han L, Hu X, Sun T, Xu D, Li Y, et al. N6-Methyladenosine Reader IMP2
Stabilizes the ZFAS1/OLA1 Axis and Activates the Warburg Effect:
Implication in Colorectal Cancer. J Hematol Oncol (2021) 14(1):188.
doi: 10.1186/s13045-021-01204-0

56. Zhao J, Zhang P, Wang X. YBX1 Promotes Tumor Progression via the PI3K/
AKT Signaling Pathway in Laryngeal Squamous Cell Carcinoma. Transl
Cancer Res (2021) 10(11):4859–69. doi: 10.21037/tcr-21-2087

57. Wang Q, Zhang Q, Huang Y, Zhang J. M(1)A Regulator TRMT10C Predicts
Poorer Survival and Contributes to Malignant Behavior in Gynecological
Cancers. DNA Cell Biol (2020) 39(10):1767–78. doi: 10.1089/dna.2020.5624

58. Ren X, Chen X, Ji Y, Li L, Li Y, Qin C, et al. Upregulation of KIF20A Promotes
Tumor Proliferation and Invasion in Renal Clear Cell Carcinoma and is
Associated With Adverse Clinical Outcome. Aging (Albany NY) (2020) 12
(24):25878–94. doi: 10.18632/aging.202153

59. Cheng A, Hsu C, Chan S, Choo S, Kudo M. Challenges of Combination
Therapy With Immune Checkpoint Inhibitors for Hepatocellular Carcinoma.
J Hepatol (2020) 72(2):307–19. doi: 10.1016/j.jhep.2019.09.025

60. Zhou G, Sprengers D, Boor P, Doukas M, Schutz H, Mancham S, et al.
Antibodies Against Immune Checkpoint Molecules Restore Functions of
Tumor-Infiltrating T Cells in Hepatocellular Carcinomas. Gastroenterology
(2017) 153(4):1107–19.e10. doi: 10.1053/j.gastro.2017.06.017

61. Regan-Fendt K, Li D, Reyes R, Yu L, Wani N, Hu P, et al. Transcriptomics-Based
Drug Repurposing Approach Identifies Novel Drugs Against Sorafenib-Resistant
Hepatocellular Carcinoma. Cancers (2020) 12(10):2730. doi: 10.3390/
cancers12102730

62. Zhao D, Yang Z, Chen C, Zhang Z, Yu Y, Li Z. CXCR4 Promotes Gefitinib
Resistance of Huh7 Cells by Activating the C-Met Signaling Pathway. FEBS
Open Bio (2021) 11(11):3115–25. doi: 10.1002/2211-5463.13305

63. Gittleman H, Sloan A, Barnholtz-Sloan J. An Independently Validated
Survival Nomogram for Lower-Grade Glioma. Neuro-Oncology (2020) 22
(5):665–74. doi: 10.1093/neuonc/noz191

64. Gandaglia G, Martini A, Ploussard G, Fossati N, Stabile A, De Visschere P, et al.
ExternalValidation of the 2019BrigantiNomogram for the Identification of Prostate
Cancer Patients Who Should Be Considered for an Extended Pelvic Lymph Node
Dissection. Eur Urol (2020) 78(2):138–42. doi: 10.1016/j.eururo.2020.03.023
June 2022 | Volume 12 | Article 887008

https://doi.org/10.1021/jp0569133
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.3390/cancers12010192
https://doi.org/10.3390/cancers12010192
https://doi.org/10.1016/s1470-2045(21)00473-3
https://doi.org/10.2307/2532653
https://doi.org/10.1007/s10985-015-9351-y
https://doi.org/10.3390/life11121312
https://doi.org/10.1097/md.0000000000028694
https://doi.org/10.3389/fmolb.2021.781307
https://doi.org/10.1186/s12885-021-09059-x
https://doi.org/10.3389/fcell.2021.799507
https://doi.org/10.1038/s41598-021-93467-3
https://doi.org/10.1002/hep.32088
https://doi.org/10.1007/s00262-021-02932-5
https://doi.org/10.1038/s41467-018-03217-9
https://doi.org/10.1038/s41467-018-03217-9
https://doi.org/10.1007/s00109-019-01797-7
https://doi.org/10.1016/j.jhep.2019.04.007
https://doi.org/10.1002/adma.201803322
https://doi.org/10.1021/acsnano.9b03288
https://doi.org/10.1007/s00262-005-0662-9
https://doi.org/10.1007/s00262-021-02962-z
https://doi.org/10.18632/aging.203748
https://doi.org/10.3390/cancers13051055
https://doi.org/10.1038/s41417-021-00301-z
https://doi.org/10.1016/j.ebiom.2018.10.067
https://doi.org/10.1186/s13045-021-01204-0
https://doi.org/10.21037/tcr-21-2087
https://doi.org/10.1089/dna.2020.5624
https://doi.org/10.18632/aging.202153
https://doi.org/10.1016/j.jhep.2019.09.025
https://doi.org/10.1053/j.gastro.2017.06.017
https://doi.org/10.3390/cancers12102730
https://doi.org/10.3390/cancers12102730
https://doi.org/10.1002/2211-5463.13305
https://doi.org/10.1093/neuonc/noz191
https://doi.org/10.1016/j.eururo.2020.03.023
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Identification of APC-Related Genomic Subtypes
65. Ge J, Zhang X, Zhang B, Zhu L, Zhao M, Gao W, et al. Higher Tumor Protein
Kinase D1 Correlates With Increased Tumor Size, BCLC Stage, CA199 Level, AFP
Level and Worse Overall Survival in Hepatocellular Carcinoma Patients. Clin Res
Hepatol Gastroenterol (2021) 45(6):101573. doi: 10.1016/j.clinre.2020.11.004

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
Frontiers in Oncology | www.frontiersin.org 15
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Li, Lang, Zheng, Yu and Zhou. 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.
June 2022 | Volume 12 | Article 887008

https://doi.org/10.1016/j.clinre.2020.11.004
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

	Identification and Validation of Genomic Subtypes and a Prognostic Model Based on Antigen-Presenting Cells and Tumor Microenvironment Infiltration Characteristics in Hepatocellular Carcinoma
	Introduction
	Materials and Methods
	Data Preparation
	Enrichment Analysis
	Consensus Clustering
	Estimation of Relative Immune Cell Content
	Clinical Implication Analysis

	Results
	Antigen-Presenting Related Genes Were Closely Associated With the Progression of Hepatocellular Carcinoma
	The Clinical Value and Immune Characteristics for Antigen-Presenting Cell-Related Subtypes
	The Clinical Value and Immune Characteristics of Genomic Subtypes
	Generation and Validation of the Prognostic Model
	The Clinical Prognostic Value of the Risk Score Was Verified in the External Cohort

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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


