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Tumor mutation burden (TMB) is associated with immune infiltration, while its underlying
mechanism in hepatocellular carcinoma (HCC) remains unclear. A long noncoding RNA
(lncRNA)-related competitive endogenous RNA (ceRNA) network can regulate various
tumor behaviors, and research about its correlation with TMB and immune infiltration is
warranted. Data were downloaded from TCGA and ArrayExpress databases. Cox
analysis and machine learning algorithms were employed to establish a lncRNA-based
prognostic model for HCC. We then developed a nomogram model to predict overall
survival and odds of death for HCC patients. The association of this prognostic model with
TMB and immune infiltration was also analyzed. In addition, a ceRNA network was
constructed by using DIANA-LncBasev2 and the starBase database and verified by
luciferase reporter and colocalization analysis. Multiplex immunofluorescence was applied
to determine the correlation between ULBP1 and PD-L1. An eight-lncRNA (SLC25A30-
AS1, HPN-AS1, LINC00607, USP2-AS1, HCG20, LINC00638, MKLN1-AS and
LINC00652) prognostic score model was constructed for HCC, which was highly
associated with TMB and immune infiltration. Next, we constructed a ceRNA network,
LINC00638/miR-4732-3p/ULBP1, that may be responsible for NK cell infiltration in HCC
with high TMB. However, patients with high ULBP1 possessed a poorer prognosis. Using
multiplex immunofluorescence, we found a significant correlation between ULBP1 and
PD-L1 in HCC, and patients with high ULBP1 and PD-L1 had the worst prognosis. In brief,
the eight-lncRNA model is a reliable tool to predict the prognosis of HCC patients. The
LINC00638/miR-4732-3p/ULBP1 axis may regulate immune escape via PD-L1 in HCC
with high TMB.
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INTRODUCTION

Immunotherapy, especially immune checkpoint therapy (ICT),
has brought the cancer treatment breakthrough into a brand-
new era, and hepatocellular carcinoma (HCC) therapy is the
major constituent of the cancer burden globally (1–3).
Unfortunately, the response rates of patients to ICT are of
great tumor type or individual heterogeneity, and programmed
cell death-ligand 1 (PD-L1) expression greatly contributes to
patients’ high response to ICT (4). However, responses in
patients with HCC to ICT were observed regardless of PD-L1
expression, although the response rate was raised in patients with
at least 1% of tumor cells expressing PD-L1 (2). A detailed
understanding of the mechanism underlying immune infiltration
may favor precision immunotherapy in HCC. Tumor mutation
burden (TMB) refers to the total number of mutations in the
coding region of the evaluated gene in the tumor cell (TC)
genome, which is calculated by the total number of mutations
per megabase in the genome (5–7). Previous reports suggested
the close association of TMB with immune infiltration, while the
molecular mechanism remains inconclusive (5–7).

The past few decades have witnessed the rapid development
of long noncoding RNA (lncRNA), a nucleotide sequence longer
than 200 nt, in a wide range offields, including cancers (8). These
sequences lack protein-coding potential and can bind to
microRNAs (miRNAs) via response elements, which affects the
expression of miRNA-targeted genes (e.g., a sponge interaction).
This phenomenon is also known as the competitive endogenous
RNA (ceRNA) hypothesis (9). This mode of action and others,
such as sustaining proliferation, cell immortality, angiogenesis,
immune evasion and deregulating metabolism, confer lncRNAs a
significant role in cancer pathophysiology (8, 10, 11). As a result,
a dysregulated lncRNA-related ceRNA network also greatly
contributes to the formation and development of HCC (12).
For instance, lnc-APUE binds to miR-20b and thereby abolishes
its inhibition of E2F1 expression and in turn boots cell cycle
progression and cell growth in HCC (13). MCM3AP-AS1 plays
an oncogenic role by suppressing miR-194-5p and subsequently
upregulates FOXA1 expression in HCC (14). The ceRNA
network of HOXD-AS1/miR-130a-3p/SOX4 as well as CASC2/
miR-367/FBXW7 may play a prometastatic role in HCC (15, 16).
Moreover, several ceRNA networks have been screened as
prognostic signatures for HCC, but further experiments to
validate these networks are needed in these studies (17, 18).
Most importantly, few studies have reported the relationship
among the ceRNA network, TMB and immune infiltration
in HCC.

In the present study, HCC-related gene expression data were
obtained from The Cancer Genome Atlas (TCGA) database and
ArrayExpress database (19). First, the differentially expressed
lncRNAs (DElncRNAs) in HCC were screened by applying
bioinformatic methods. Second, we identified an eight-lncRNA
prognostic score for HCC and assessed its correlation with
prognosis, TMB and immune infiltration. Furthermore, the
ceRNA network LINC00638/miR-4732-3p/ULBP1 (human
UL16-binding protein 1) was established in HCC. Finally, we
discussed the mechanism of ULBP1-regulated immune escape.
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METHODS

Data Source and Differentially Expressed
RNAs
HCCRNA sequencing (RNA-seq) data (50 normal and 373 tumor)
were downloaded from TCGA database (https://gdc-portal.nci.nih.
gov/), among which 8 tumor RNA-seq data were excluded for no
related clinical information. Another dataset, E-TABM-36 (41
tumors), with clinical parameters was downloaded from the
ArrayExpress database (https://www.ebi.ac.uk/arrayexpress/) (20).
Data from TCGA and ArrayExpress database were annotated by
using Transcript ID from Illumina HiSeq 2000 RNA Sequencing
and Affymetrix GeneChip Human Genome HG-U133A from
Ensembl genome browser 96 database (http://asia.ensembl.org/
index.html) (21), respectively. The “limma” package (Version
3.34.7) of R (version 3.6.1) was employed for screening
DElncRNAs, and the thresholds were set as |log2-fold change
(FC)| > 1.0 and false discovery rate (FDR) < 0.05 (22).

Identification of lncRNAs With Prognostic
Signature
To mine survival-related lncRNAs, univariate Cox analysis
achieved by the “survival” package (Version 2.41-1) of R was
utilized to investigate the correlation between DElncRNA
expression and patient overall survival (OS), with p < 0.05 as a
cutoff value (23). After filtration, the least absolute shrinkage and
selection operator (LASSO) and support vector machine-
recursive feature elimination (SVM-RFE) algorithm were
applied to determine the candidate lncRNAs with prognostic
signatures (24, 25). The overlapping items shared by the two
algorithms were considered to be candidate DElncRNAs for
HCC. Subsequently, multivariate Cox analysis was used for
final identification of the hub DElncRNAs with prognostic
signatures. LncRNAs with p < 0.05 were viewed as the final
prognostic indicators in this multivariate analysis.

Construction of Prognostic Model and
Nomogram
According to the multivariate Cox analysis, a prognostic model
was constructed as follows: prognostic score (PS) = ∑CoeflncRNAs ×
ExplncRNAs. Setting the median PS as the cutoff value, patients were
divided into low- or high-score groups. After that, this risk score
was evaluated by using Kaplan-Meier (K-M) curves and receiver
operator characteristic (ROC) analysis in both the TCGA training
cohort and E-TABM-36 validation cohort. In addition, univariate
and multivariate Cox analyses proceeded to analyze the clinical
features and PS, with p < 0.05 as the threshold. To determine the
relationship between independent prognostic features and PS,
TCGA data were stratified by these clinical features, in which
the efficiency of PS was tested. Finally, the nomogram was
constructed by variables with significant differences in the above
multivariate analysis using the “rms” package (Version 5.1-2) of R,
which included lncRNA-based PS and pathologic stage (26).

TMB Analysis
The “maftools” package (Version 2.6.05) of R was employed to
calculate the TMB of HCC (27). The median value of TMB was
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defined as the cutoff value, and therefore patients were separated
into high- or low-TMB groups. The “survival” package was used to
mine the correlation between TMB and patient OS. Furthermore,
we calculated the TMB value in the abovementioned two risk
groups and deduced the correlation between PS and TMB.

Immune Infiltration Analysis in Prognostic
Score Groups
The CIBERSORT algorithm was used to quantify the
proportions of immune cells in low- and high-risk groups (28).
The “estimate” package of R was applied to infer the fraction of
stromal and immune cells in tumor samples and thereby
determined the ESTIMATE score, immune score and stromal
score in the two groups (29).

Establishment of ceRNA Network
To construct the lncRNA-miRNA-mRNA network, miRNA and
mRNA expression data were downloaded from the TCGA
database. The differentially expressed miRNAs (DEmiRNAs)
and mRNAs (DEmRNAs) between the low- and high-score
groups were explored by the “limma” package of R (22).
Afterwards, the DElncRNA-DEmiRNA interaction was
obtained from the DIANA-LncBasev2 database (30), and the
DEmiRNA-DEmRNA interaction was obtained from the
starBase (Version 2.0) database (31). The ceRNA network was
constructed and subsequently visualized by Cytoscape (Version
3.6.1) software (32). Finally, Kyoto Encyclopedia of Genes and
Genomes (KEGG) analysis of the related mRNAs was realized by
using the DAVID 6.8 online tool (33, 34).

Cell Lines and Culture
The human HCC cell lines PLC/PRF/5 and MHCC97H were
maintained at the Liver Cancer Institute of Zhongshan Hospital,
Fudan University (Shanghai, China). Both cell lines were
maintained in Dulbecco’s modified Eagle medium (DMEM)
(Invitrogen) with 10% fetal bovine serum (FBS) (Gibco) and
1% penicillin-streptomycin (Gibco) at 37°C in a humidified
incubator supplemented with 5% CO2.

Fluorescence In Situ Hybridization (FISH)
PLC/PRF/5 and MHCC97H cells were cultured in glass chamber
slides, fixed with 4% paraformaldehyde, and permeated with
0.1% Triton X-100. After washing and treating with pre-
hybridization buffer, hybridization was carried out by using a
FISH detection kit (Ribo Biotechnology Co., Ltd.) including
probes for LINC00638 (GCTCCGTAGCCTATTCACCCC
CACCAGACCCTT) and miR-4732-3p (CAGAACAGGACAG
GTCAGGGC). The nuclei were stained with 4′,6-diamidino-2-
phenylindole and dihydrochloride (DAPI).

Immunofluorescence
PLC/PRF/5 and MHCC97H cells were fixed with 4%
paraformaldehyde, permeabilized with 0.1% Triton X-100, and
blocked with 5% bovine serum albumin for 30 min. Then, the
cells were incubated with anti-ULBP1 antibody (sc-53131; Santa
Cruz Biotechnology, Inc., CA, USA) or anti-PD-L1 antibody
(#13684; Cell Signaling Technology, Inc., Beverly, MA, USA)
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overnight at 4°C and subsequently with the related secondary
antibody at room temperature for 50 min. The cells were
observed under a fluorescence microscope (Olympus,
Tokyo, Japan).

Luciferase Reporter Assay
The potential binding site between miR-4732-3p and LINC00638
or ULBP1 was predicted, and a related mutant was designed.
LINC00638-WT, LINC00638-MUT, ULBP1-WT and ULBP1-
MUT were cloned into the luciferase plasmids separately. Then,
these plasmids and miR-4732-3p were cotransfected into
HEK293 cells. After incubation for 48 h, the luciferase activity
was detected by the Dual-Luciferase® Reporter Assay System
(Promega, Madison, WI, USA).

Co-Immunoprecipitation (Co-IP)
The interaction between ULBP1 and PD-L1 was estimated by
using Co-IP. Briefly, the protein was exacted from PLC/PRF/5
and MHCC97H cells, and then incubated with antibodies for
ULBP1, PD-L1 or IgG overnight. Protein A/G-agarose beads
were followed added to the complex and incubated for 4 h.
Western blot assay was employed to detect the level of ULBP1
and PD-L1.

Patients and Tissue Microarrays
Tumor specimens and matched nontumor liver tissues (adjacent
to the tumor within a distance of 10 mm) were collected from
336 HCC patients who underwent hepatectomy at Zhongshan
Hospital of Fudan University from 2005 to 2012. The tumor
tissue microarrays (TMAs; n = 316) were constructed based on
two cores taken from representative tissue areas, which was
described previously (35). The related clinical features of all
patients were recorded simultaneously. Informed consent was
also acquired from the involved patients, and the study was
approved by the Zhongshan Hospital Ethics Committee.

Multiplex Immunofluorescence
Multiplex immunofluorescence (mIF) was employed to detect
the expression of ULBP1, PD-L1, CD56 and cytokeratin 18
(CK18) in HCC. First, the slides were deparaffined and
rehydrated, and antigen retrieval was performed in Tris-EDTA
buffer (pH 9.0) at the boiling point. Second, endogenous
peroxidase activity and nonspecific antigens were blocked by
3% hydrogen peroxide and goat serum solution, respectively.
Then, the slides were incubated with primary antibody overnight
at 4°C, followed by horseradish peroxidase-conjugated secondary
antibody at room temperature for 30 min. Next, the slides were
treated with Opal tyramide signal amplification Fuorochromes
according to the instructions of Opal 7-Color Manual IHC Kit
(NEL811001KT; Perkin Elmer, Germany). Between each staining
cycle, slides were microwaved to strip the Ab-TSA complex and
blocked with goat serum solution. Finally, DAPI was used to
stain nuclei, and the nuclei were mounted with glycerine. Anti-
PD-L1 antibody (#13684) and anti-CK18 antibody (#4548) were
purchased from Cell Signaling Technology, Inc. (Beverly, MA,
USA), and anti-CD56 antibody (ab75813) was purchased from
Abcam (CA, USA).
September 2021 | Volume 11 | Article 729340
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Imaging and Colocalization Analysis of mIF
After staining, the slides were scanned by using Pannoramic
DESK/MIDI/250/1000 (3DHISTECH; Hungary). The counts of
marker-positive cells, colocalized cells and total cells were
quantified by using the Indica Labs-Highplex FL (v3.1.0)
module of Halo software (v3.0.311.314) in tumor or peritumor
tissues. CK18 and CD56 were employed to identify the
populations of TC (CK18+CD56−) and NK cells (NKc;
CD56−CK18+). Tissues with PD-L1-positive cells of ≥ 5% were
considered the high-PD-L1 group (36). X-tile software was applied
to calculate the optimal cutoff value of ULBP1-positive cells in
HCC (Yale University, New Haven, CT, USA) (37). The cutoff
value was 30% in tumor tissues and 10% in peritumor tissues.

Immunofluorescence Intensity Analysis
of mIF
The Indica Labs-Area Quantification FL (v2.1.2) module of Halo
software was used to calculate the immunofluorescence intensity
of the slides. The optimal cutoff value of immunofluorescence
intensity was determined by using X-tile software. For ULBP1,
the cutoff value was 38.0 in tumor tissues and 26.9 in peritumor
tissues. For PD-L1, the cutoff value was 10.3 in tumor tissues and
15.5 in peritumor tissues.

Statistics
The t-test was used for comparison, and continuous variables are
shown as the mean ± standard deviation (SD). The PS model was
constructed using Cox analysis, where the hazard ratio (HR) was
the 95% confidence interval (CI). OS analyzed by the log-rank
test indicated the time from the date of diagnosis to the date of
last follow-up or death. The predictive performance of the PS
model was assessed by using nomograms and ROC curves. All
statistical analyses were performed using SPSS version 22.0 (IBM
SPSS Statistics, Chicago, IL, US) and R software (version 3.5.2).
The packages of R were as follows: “limma”, “survival”, “lars”,
“caret”, “rms”, “estimate”, and “maftools”. If not specified above,
p < 0.05 was considered statistically significant.
RESULTS

Exploration of Hub lncRNAs With
Prognostic Signatures for HCC
A total of 615 DElncRNAs were mined between 365 tumor
samples and 50 nontumor samples in the training cohort from
TCGA according to the cutoff criteria of |log2FC| > 1 and FDR <
0.05. Combined with patient survival, 180 DElncRNAs with a
significant prognostic signature were selected by using univariate
Cox analysis with p < 0.05. Subsequently, LASSO and SVM-RFE
algorithms were employed to shrink the number of lncRNAs,
and 67 and 125 DElncRNAs were screened, respectively
(Figures 1A–C). The shared objects of the two algorithms
consisted of 46 DElncRNAs (Figure 1C). Ultimately, 8
lncRNAs (SLC25A30-AS1, HPN-AS1, LINC00607, USP2-AS1,
HCG20, LINC00638, MKLN1-AS and LINC00652) were
confirmed as hub DElncRNAs in HCC with prognostic
Frontiers in Oncology | www.frontiersin.org 4
signatures by multivariate Cox analysis (Figure 1D and
Table 1). The K-M curves also validated the significant
correlation between these hub lncRNAs and patient OS in the
training cohort (Figure S1).

Construction of an Eight-lncRNA
Prognostic Signature for HCC
Based on the multivariate Cox analysis, a PS formula was established
using the following equation: PS = (-0.6536 × Exp SLC25A30-
AS1) + (-0.5201 × Exp HPN-AS1) + (0.4276 × Exp LINC00607) +
(0.6304 × ExpUSP2-AS1) + (0.6317 × ExpHCG20) + (0.8265 × Exp
LINC00638) + (1.1926 × Exp MKLN1-AS) + (3.0642 × Exp
LINC00652). Then, the PS values of each patient were calculated,
whereby the patients were divided into low- or high-score groups
according to the median cutoff point. The patients in the high-
score group had a shorter OS than those in the low-score group,
and the area under the curve (AUC) values of the ROC curve for
PS were 0.845, 0.826 and 0.806 for 1-year survival, 3-year survival
and 5-year survival, respectively (Figures 2A, B). Of note, an
increase in cancer-related death and a decrease in patient survival
were observed with increasing PS values, and the expression level of
each related lncRNA is shown in the heatmap (Figures 2C–E). In
addition, the prognostic model was also estimated in the validation
cohort E-TABM-36, in which similar encouraging results were
observed (Figure S2). These data indicated the potential predictive
effect of PS in patients with HCC.

The Significant Correlation Between PS
and OS in Stratified Analysis
Next, we investigated the influence of clinical features on the
predictive value of PS. Data from univariate and multivariate
analyses suggested that PS and pathologic stage were
independent prognostic factors for HCC (Figure 3A and
Table 2). Setting pathologic stage as a stratification factor, PS
remained a significant prognostic signature for patients with
HCC (Figure 3B). The results of multivariate analysis were also
shown by a forest plot (Figure 3C). To improve the clinical
application of PS, a nomogram was constructed based on it as
well as pathologic stage (Figure 3D). Data from the calibration
plots suggested that the 3-year and 5-year OS rates in patients
with HCC were predicted well when compared with an ideal
model in the training cohort (Figure 3E).

The PS Was Associated With TMB
In light of the importance of TMB in cancer, we also estimated
the correlation between PS and TMB in the TCGA cohort. First,
patients were divided into two groups, the high- and low-TMB
groups, based on the median cutoff point of the TMB value. The
results of K-M curves indicated that patients in the high-TMB
group possessed a significantly lower OS rate than those in the
low-TMB group (Figure 4A). Most importantly, TMB status was
significantly associated with PS, and in other words, patients in
the high-score group may have also had a high level of TMB
(Figures 4B, C). In addition, the 3 most frequently mutated
genes in HCC were employed as stratification factors, and
therefore, the correlation between PS and OS was further
September 2021 | Volume 11 | Article 729340
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investigated in the TCGA cohort6. The data showed that in the
cohort of patients with wild-type or mutant TP53, wild-type or
mutant TTN, and wild-type or mutant CTNNB1, PS still
possessed clinically and statistically significant value for
predicting patient prognosis (Figures 4D–I).
Frontiers in Oncology | www.frontiersin.org 5
Entanglement Among the PS, TMB and
Immune Infiltration
To determine the association of PS with immune infiltration,
ESTIMATE and CIBERSORT algorithms were processed to
estimate the association in the TCGA cohort. After estimation
A C

D

B

FIGURE 1 | Identification of the hub DElncRNAs with prognostic signatures. (A) Parameter diagram of LASSO algorithm. (B) Parameter diagram of SVM-RFE algorithm.
(C) The overlapping DElncRNAs between the LASSO and SVM-RFE algorithms. (D) Forrest plot demonstrating the multivariate Cox analysis results of the hub lncRNAs.
LASSO, least absolute shrinkage and selection operator; SVM-RFE, support vector machine-recursive feature elimination. *p < 0.05, **p < 0.01, ***p < 0.001.
TABLE 1 | Independent prognostic characteristic of DElncRNAs.

LncRNA Coefficient HR 95% CI SE Z score P-value

SLC25A30-AS1 -0.6536 0.5201 0.3087-0.8764 0.2662 -2.455 0.014
HPN-AS1 -0.5201 0.5945 0.4052-0.8722 0.1956 -2.659 0.008
LINC00607 0.4276 1.5336 1.0595-2.2200 0.1887 2.266 0.023
USP2-AS1 0.6304 1.8783 1.2100-2.9158 0.2244 2.81 0.005
HCG20 0.6317 1.8808 1.0385-3.4063 0.303 2.085 0.037
LINC00638 0.8265 2.2852 1.2898-4.0488 0.2918 2.832 0.005
MKLN1-AS 1.1926 3.2958 1.9834-5.4766 0.2591 4.603 <0.001
LINC00652 3.0642 21.4182 2.3356-196.4128 1.1306 2.71 0.007
September 202
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CI, confidence interval; HR, hazard ratio; SE, standard error.
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by the ESTIMATE algorithm, a higher ESTIMATE score was
observed in the low-score cohort (Figure 5A). A fraction of
stromal cells was associated with the low-score cohort, while a
fraction of immune cells was associated with the high-score
cohort (Figure 5A). The results of the CIBERSORT algorithm
indicated that B cell plasma, M0 microphages and myeloid
dendritic cell activation were positively correlated with PS, but
monocytes, activated mast cells, naïve B cells and resting CD4+
memory T cells were negatively correlated with PS (Figures 5B, C).
Taken together, these results suggested a high level of immune
infiltration in patients in the high-score group. We then analyzed
the second-generation sequencing (NGS) data of 20 patients from a
real-world study. According to the TMB value, the top 10 patients
were classified into the high-TMB group. The data showed that 1
case with high expression of PD-L1, 1 case with microsatellite
instability-high (MSI-H), and 1 case with both high expression of
Frontiers in Oncology | www.frontiersin.org 6
PD-L1 and MSI-H were observed in the high-TMB group (Figure
S3). From the above, patients in the high-score group may possess
high immune infiltration and high TMB.

Establishment of a ceRNA Network
The ceRNA network hypothesis is primarily responsible for the
function of lncRNAs (8). To establish a ceRNA network, 7
DEmiRNAs and 469 DEmRNAs were identified between the
low- and high-score groups based on PS (Figures 6A, B).
Considering the negative correlation between miRNA and
mRNA expression, 5 lncRNA-miRNA interactions and 135
miRNA-mRNA interactions were obtained by using DIANA-
LncBasev2 and the starBase database and visualized by using
Cytoscape software (Figure S4). Of note, LINC00638 was
involved in the majority of miRNAs as well as mRNAs and was
therefore considered the key lncRNA (Figure S4). In addition,
A C

D

E

B

FIGURE 2 | Establishment of an eight-lncRNA prognostic score. (A) K-M curves were plotted to evaluate the OS probabilities in the training cohort. (B) ROC curves
were plotted for 1-, 3- and 5-year OS in the training cohort. (C, D) Risk survival status plot. (E) Heatmap of the expression profiles of members of the eight-lncRNA
prognostic score. TCGA, The Cancer Genome Atlas.
September 2021 | Volume 11 | Article 729340
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A

C D

E

B

FIGURE 3 | The prognostic value of the eight-lncRNA signature in stratified analysis and construction of nomogram. (A) K-M curves were plotted to evaluate the OS
probabilities for different pathological stages. (B) Stage I/II group (left) and stage III/IV group (right). (C) Multivariate Cox analysis in the training cohort. (D) Nomogram
to predict the 3- and 5-year OS in patients with HCC. (E) Calibration curve for the nomogram model in the training cohort. The gray line represents the ideal
nomogram, and the red line and black line represent the 3-year and 5-year observed nomograms. The horizontal axis represents the nomogram-predicted 5-year
survival rate, and the vertical axis represents the actual 5-year survival rate. PS, prognostic score; OS, overall survival. ***p < 0.001.
TABLE 2 | Univariate and multivariate analyses of the prognostic model.

Clinical characteristics Uni-variable cox Multi-variable cox

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

Age (years, mean ± SD) 1.012 (0.998-1.026) 0.008 1.008 (0.992-1.025) 0.337
Gender (Male/Female) 0.817 (0.573-1.164) 0.262 – –

Pathologic M (M0/M1/-) 4.032 (1.267-12.83) 0.011 1.493 (0.424-5.256) 0.533
Pathologic N (N0/N1/-) 2.004 (0.491-8.181) 0.333 – –

Pathologic T (T1/T2/T3/T4/-) 1.675 (1.397-2.007) 0.102 – –

Pathologic stage (I/II/III/IV/-) 1.661 (1.355-2.037) <0.001 1.651 (1.274-2.141) <0.001
Histologic grade (G1/G2/G3/G4) 1.121 (0.887-1.416) 0.339 – –

Vascular invasion (Yes/No/-) 1.351 (0.892-2.047) 0.154 – –

Recurrence (Yes/No/-) 1.375 (0.914-2.068) 0.125 – –

PS status (High/Low) 2.593 (1.806-3.722) <0.001 2.576 (1.641-4.043) <0.001
Frontiers in Oncology | www.frontiersin.org
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CI, confidence interval; HR, hazard ratio; SD, standard deviation; PS, prognostic score.
The bold type represents statistical differences.
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FIGURE 4 | The TMB between low- and high-score group. (A) K-M curves displaying the association of TMB and OS in patients with HCC. (B) The correlation
between PS and TMB was analyzed by using Pearson correlation analysis. PCC, Pearson correlation coefficient. (C) TMB level in low- and high-score group.
(D–I) The correlation of PS and OS in different stratified groups, including the TP53 wild-type group (D), TTN wild-type group (E), CTNNB1 wild-type group (F),
TP53 mutation group (G), TTN mutation group (H), and CTNNB1 mutation group (I). TMB, tumor mutation burden.
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FIGURE 5 | The association of PS and immune infiltration. (A) Violin plot for the results of ESTIMATE algorithm. (B) Violin plot for the results of CIBERSORT algorithm.
(C) Heatmap for immune responses based on the CIBERSORT algorithm among the low- and high-score groups. PS, prognostic score. *p < 0.05, ***p < 0.001.
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FIGURE 6 | ceRNA network. (A, B) Volcano plot (A) and heatmap (B) of the DEmiRNAs and DEmRNAs. (C) Sankey plot demonstrating the ceRNA network of
LINC000638 and KEGG results of related mRNAs. (D) Schematic illustration of the binding site of LINC00638 with miR-4732-3p (left). The luciferase activity of
LINC00638-WT/LINC00638-MUT in HEK293 cells cotransfected with miR-4732-3p mimics was detected by using a luciferase reporter assay (right). (E) Schematic
illustration of the binding site of ULBP1 with miR-4732-3p (left). The luciferase activity of ULBP1-WT/ULBP1-MUT in HEK293 cells cotransfected with miR-4732-3p
mimics was measured by using a luciferase reporter assay (right). (F, G). The colocalization of miR-4732-3p and LINC000638 (F) or ULBP1 (G) was observed in
HCC cell lines. FC, fold change. *p < 0.05, ***p < 0.001.
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these lncRNA signatures were tightly connected with immune
infiltration and TMB. We then analyzed the function of the
mRNAs regulated by these lncRNAs and found that they were
mainly enriched in 8 signaling pathways. Among these pathways,
the natural killer cell-mediated cytotoxicity pathway had a high
correlation with immune infiltration (Figure 6C). Taken together,
only the ceRNA network, LINC00638/miR-4732-3p/ULBP1, met
our requirement and became the next study focus (Figure 6C).
After that, the binding position between miR-4732-3p and
LINC00638 or ULBP1 was displayed (Figures 6D, E). The
luciferase reporter assay indicated that miR-4732-3p
significantly decreased the luciferase activity of LINC00638-WT
and ULBP1-WT but not LINC00638-MUT or ULBP1-MUT
(Figures 6D, E). In addition, colocalization analysis showed
that LINC00638 and miR-4732-3p colocalized in the HCC cell
lines MHCC97H and PLC/PRF/5, as did miR-4732-3p and
ULBP1 (Figures 6F, G). These data suggested that LINC00638
may act as a sponge for miR-4732-3p and remove its inhibition of
ULBP1 expression.

PD-L1 Contributed to Immune Escape in
HCC With High ULBP1
In view of the association between ULBP1 and NKc (38), we
investigated this association in HCC by using mIF staining. The
proportion of ULBP1+ cells, TC or NKc had a significant increase in
tumor tissues compared with peritumor tissues (Figures 7A–D).
Colocalized analysis showed that the number of ULBP1+CK18+

cells was far greater than that of ULBP1+CD56+ cells in tumor or
peritumor tissues, and ULBP1+CK18+ cells had a remarkable
enrichment in tumor tissues (Figures 7E–H), indicating that
ULBP1 was mainly located in TC. Of note, NKc had a significant
reduction in the low ULBP1 group compared to the high ULBP1
group in tumor tissues, while no significant difference was observed
in peritumor tissues (Figure 7I). This result indicated that ULBP1
could promote the infiltration of NKc into tumors, meaning that
HCC with high ULBP1 may possess favorable outcomes. However,
a previous study showed that ULBP1 was associated with a poor
prognosis in HCC (39), inconsistent with the above statement. To
address this contradiction, we hypothesized that some immune
inhibitory factors interact with ULBP1 in HCC. Our data found that
PD-L1, a well-known inhibitory factor of NKc (40), was expressed
in the majority of peritumor tissues (88.92%, 281/316) or tumor
tissues (72.15%, 228/316) (Figure S5). The colocalization of ULBP1
and PD-L1 was also observed in the TC of tumor tissues
(Figure 7J), which was also confirmed in the HCC cell lines
MHCC97H and PLC/PRF/5 (Figure S6). In addition, we
validated the relationship between ULBP1 and PD-L1 by co-
immunoprecipitation (Co-IP). Endogenous ULBP1 was co-
immunoprecipitated by PD-L1 antibodies whereas PD-L1 were
reciprocally co-immunoprecipitated by the ULBP1 antibody in
MHCC97H and PLC/PRF/5 cells (Figure S7). Further analysis
revealed that the high PD-L1 group in tumor tissues had more
ULBP1+ cells than the low PD-L1 group (p < 0.05), while no
significant change was observed in peritumor tissues (Figures 7K,
L). In turn, the high ULBP1 group in both tumor tissues (p < 0.001)
and peritumor tissues (p < 0.001) had more PD-L1+ cells than the
Frontiers in Oncology | www.frontiersin.org 11
low ULBP1 group (Figures 7M, N). To accurately confirm the
correlation between ULBP1 and PD-L1 or CD56, their
immunofluorescence intensity was analyzed. ULBP1 was
positively correlated with PD-L1 and CD56 in tumor tissues but
not in peritumor tissues (Figures 8A–D). These results indicated
that ULBP1 in HCC tumor tissues could recruit NK cells to tumors
accompanied by PD-L1 expression. In summary, PD-L1 may
account for immune escape in HCC with high ULBP1.

Combined Survival Analysis of ULBP1 and
PD-L1 in HCC
Finally, the correlation between patient OS and ULBP1 or PD-L1
was evaluated by using a survival curve. Patients were divided into
ULBP1high/ULBP1low groups or PD-L1high/PD-L1low groups
according to the previously set cutoff value. HCC patients with
high ULBP1 in tumor tissues had a significantly shorter OS than
those with low ULBP1 (p < 0.01), and ULBP1 in peritumor tissues
was also significantly related to the OS of patients (p = 0.03)
(Figures 8E, F). In addition, patients with high PD-L1 in tumor
tissues had a significantly longer OS than those with low PD-L1
(p = 0.03), but PD-L1 in peritumor tissues also had no prognostic
significance (p = 0.27) (Figures 8G, H). Combined survival
analysis indicated that patients with high ULBP1 and high PD-
L1 in tumor tissues had the worst prognosis, while patients with
low ULBP1 and low PD-L1 had the best prognosis (Figure 8I). Of
note, ULBP1 and PD-L1 in the peritumor tissues had no
prognostic significance in the combined analysis (Figure 8J).
DISCUSSION

In this paper, we identified a set of lncRNAs with independent
prognostic signatures and constructed an eight-lncRNA PS
model for HCC according to combined database analysis. We
found that this PS model had a high correlation with immune
infiltration and TMB. In addition, we established an immune-
related ceRNA network, LINC00638/miR-4732-3p/ULBP1, in
HCC. This ceRNA network may be a mechanism for immune
escape in HCC with high TMB.

Recent studies set up several prognostic risk models with
lncRNAs aimed at predicting the prognosis of patients with
HCC via bioinformatics analysis (17, 18, 41). These papers
demonstrated the potential clinical value of lncRNAs for
predicting HCC patients’ OS. Therefore, we established an eight-
lncRNA prognostic risk model via diversified algorithms and
regression analysis, which was also significantly related to
several stratification groups in HCC. K-M curves showed that
all 8 lncRNAs could serve as independent prognostic factors for
HCC. Among these biomarkers, only MKLN1-AS has been
reported in HCC and is considered a diagnostic and prognostic
biomarker (42). HPN-AS1 could be utilized in the diagnosis of
prostate cancer (43); LINC00607 facilitates the proliferation and
invasion of osteosarcoma (44); USP2-AS1 promotes the
progression of colon cancer and ovarian cancer (45, 46); and
LINC00638 and LINC00652 have been reported in nontumor
diseases (47–50), while no study has revealed the function of
September 2021 | Volume 11 | Article 729340
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FIGURE 7 | Correlation between ULBP1+ cells and PD-L1+ cells in HCC. (A) The expression of ULBP1 in HCC (left). HE staining of tumor and peritumor tissues in
HCC (right). (B–D) The proportion of ULBP1+ (B), CK18+ (C) and CD56+ (D) cells in HCC. ULBP1+ and CK18+ cells were more distributed in tumor tissues, while
CD56+ cells were more distributed in peritumor tissues. (E) Colocalization ULBP1, CK18 and CD56 in HCC. (F, G) The proportion of ULBP1+CD56+ cells was much
less than that of ULBP1+CK18+ cells in tumor tissues (F) or peritumor tissues (G). (H) The proportion of ULBP1+CK18+ cells was significantly higher in tumor tissues
than in peritumor tissues. (I) The proportion of CD56+ cells in the low ULBP1 group was lower than that in the high ULBP1 group in tumor tissues, but no significant
difference was observed in peritumor tissues. (J) Colocalization of ULBP1, PD-L1, CK18 and CD56 in HCC. (K, L) The proportion of ULBP1+ cells in the low or high
PD-L1 group in tumor (K) and peritumor tissues (L). (M, N) The proportion of PD-L1+ cells in the low or high ULBP1 group in tumor (M) and peritumor tissues (N).
*p < 0.05, **p < 0.01 and ***p < 0.001. HE, hematoxylin and eosin.
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the remaining lncRNAs. As a result, further exploration of
these lncRNAs may improve insight into the molecules
underlying HCC.

The relationship between TMB and response to ICT is an
effective supplement for precision immunotherapy in cancers
(51). A significant correlation was observed in various cancer
types, including nonsmall cell lung cancer (NSCLC), small cell
lung cancer, melanoma, colorectal cancer, renal cell cancer, and
urothelial carcinoma; among these cancer types, the study on
NSCLC is at the leading edge (52). The higher the level of TMB a
tumor has, the more neoantigens it is also likely to yield,
accounting for its influence on the tumor’s response to ICT
(51). Unfortunately, however, few clinical studies have revealed
the role of TMB in HCC. We and others found a significant
correlation between TMB and immune infiltration in HCC
(5–7). Most importantly, the PS model was significantly
associated with TMB and immune infiltration. In the high-
Frontiers in Oncology | www.frontiersin.org 13
score group, high TMB and immune infiltration were also
observed, indicating that these hub lncRNAs may establish
some connection between TMB and immune infiltration in
HCC. Considering that result, focusing on these hub lncRNAs
may be conducive to understanding the underlying mechanism
of the intricate connection between immune infiltration and
TMB, as well as achieving precision immunotherapy.

Compelling evidence suggests that the ceRNA hypothesis is
the primary mechanism for assigning lncRNA function (9).
Multiple lncRNA-miRNA-mRNA networks have been reported
to concern various HCC tumor hallmarks, such as cell
proliferation, epithelial-mesenchymal transition, metastasis and
chemoresistance (53). Here, we constructed a novel ceRNA
network, LINC00638/miR-4732-3p/ULBP1, for HCC.
Colocalization analysis and a luciferase assay were employed to
verify the ceRNA regulatory network. KEGG analysis indicated
the association of the ceRNA network with NKc in HCC,
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FIGURE 8 | Prognostic signature of the density of ULBP1 and PD-L1 in HCC. (A–D) The association between the densities of PD-L1, CD56 and ULBP1 was
analyzed by Pearson correlation analysis. (E–H) Survival analysis of ULBP1 or PD-L1 in HCC. (I, J) Combined survival analysis of ULBP1 and PD-L1 in HCC.
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suggesting that it may account for the correlation between TMB
and immune infiltration. Previous studies indicated that
LINC00638 mainly focused on nontumor diseases, such as
rheumatoid arthritis, lumbar disc degeneration and neonatal
sepsis (47–49); miR-4732-3p is a grade-related biomarker for
prostate cancer (54). No studies have revealed the interaction
between LINC00638 and miR-4732-3p in HCC, let alone this
established ceRNA. As a result, this ceRNA network was first
reported in HCC, and further research is warranted.

The mRNA in the network, ULBP1, belongs to the extended
MHC class I-like family and acts as one of the major ligands of
activatory receptor natural killer cell group 2, member D (NKG2D),
which is constitutively expressed on NKc cells, most NKT cells,
some gd T cells and CD8 T cells (55). We and others found that
ULBP1 is upregulated in HCC tissues and associated with poor
prognosis (39). Data frommIF showed that high ULBP1 expression
brings out high NKc infiltration in HCC. However, it is notable that
ULBP1 is an NKc activator and could recruit NKc and T cells to the
tumor, which can eliminate tumors directly (38, 56). The function
of ULBP1 seems to contradict its prognostic value in HCC. Hence,
we inferred that other immune inhibitory factors may participate in
HCC with high ULBP1. A previous study was indicative of PD-L1-
mediated suppression of tumor-infiltrating NKc (40). Inspired by
that study, we determined the expression of PD-L1 in tumor and
peritumor tissues and found high PD-L1 expression in the majority
of HCC samples. Colocalization analysis revealed that ULBP1 and
PD-L1 are coexpressed in HCC, as proven in HCC tissues and cell
lines. Pearson correlation analysis suggested that a significant
association of ULBP1 with PD-L1 or CD56 was observed in
tumor tissues but not in peritumor tissues. These data indicated
that ULBP1 in tumor tissues can attract the infiltration of NKc to
tumors, while concomitant PD-L1 restricts its activity. Of note, the
ULBP1-related ceRNA network is closely related to TMB in HCC,
and ULBP1-related PD-L1 expression may also be the mechanism
of immune escape in HCC with high TMB.

Combined survival analysis showed that only ULBP1 and
PD-L1 in tumor tissues possessed a significant prognostic
signature for patients with HCC. Previous data on the
prognostic role of PD-L1 in HCC were inconsistent: some
studies supported that PD-L1 is correlated with a poor
prognosis in HCC (57–59), whereas other studies opposed (60,
61). Here, the patients fell into the PD-L1high and PD-L1low

groups according to the cutoff value of immunofluorescence
intensity calculated by X-tile software. We found that low PD-L1
in tumor tissues predicted a shorter patient OS than high PD-L1.
The varied detection and analysis methods may account for great
heterogeneity among the different studies. In addition, combined
survival analysis suggested that patients with high ULBP1 and
high PD-L1 had a shorter OS than those with high ULBP1 and
low PD-L1. Therefore, PD-L1 may be responsible for the poor
prognosis of HCC patients with high ULBP1.

In summary, an eight-lncRNA PS model was established, and
this PS model not only has a significant correlation with patient
OS but also with TMB and immune infiltration. We focused on
one lncRNA and thereby constructed an immune-related ceRNA
network, LINC00638/miR-4732-3p/ULBP1, which may be a
Frontiers in Oncology | www.frontiersin.org 14
potential mechanism for the association between TMB and
immune infiltration. In addition, we revealed that tumors with
high ULBP1 may possess high PD-L1 expression. This
relationship may explain why patients with high ULBP1
expression have a poor prognosis. Hence, further study on this
ceRNA network may contribute to the development of ICT in
HCC, and targeting ULBP1 may also provide a potential
treatment strategy for HCC.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Zhongshan Hospital Ethics Committee. The
patients/participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS

Conceptualization: FQ and JX. Biological experiments and
sequencing: FQ, XD, WQ, DZ, MH, and YB. Clinical
experimental analyses and statistical evaluations: BY, FQ, and
ZZ. Statistical and bioinformatic analyses: FQ, XD, and ZZ.
Writing – original draft: FQ and XD. Writing – review and
editing: BY, WQ, and JX. All authors contributed to the article
and approved the submitted version.
FUNDING

This study was supported by the National Natural Science
Foundation of China (grant nos. 81772590 and 81572395).
ACKNOWLEDGMENTS

We would like to thank the National Natural Science Foundation
of China (No. 81772590 and 81572395) and the Wenzhou
Science & Technology Bureau Project (Y20190070).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
729340/full#supplementary-material
September 2021 | Volume 11 | Article 729340

https://www.frontiersin.org/articles/10.3389/fonc.2021.729340/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.729340/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Qi et al. TMB-Associated ceRNA Promotes Immune Escape
REFERENCES
1. Sharma P, Siddiqui BA, Anandhan S, Yadav SS, Subudhi SK, Gao J, et al. The

Next Decade of Immune Checkpoint Therapy. Cancer Discovery (2021)
11:838–57. doi: 10.1158/2159-8290.CD-20-1680

2. Sangro B, Sarobe P, Hervás-Stubbs S, Melero I. Advances in Immunotherapy
for Hepatocellular Carcinoma. Nat Rev Gastroenterol Hepatol (2021) 13:1–19.
doi: 10.1038/s41575-021-00438-0

3. Villanueva A. Hepatocellular Carcinoma. N Engl J Med (2019) 380:1450–62.
doi: 10.1056/NEJMra1713263

4. Ribas A, Wolchok JD. Cancer Immunotherapy Using Checkpoint Blockade.
Science (2018) 359:1350–5. doi: 10.1126/science.aar4060

5. Liu S, Tang Q, Huang J, Zhan M, Zhao W, Yang X, et al. Prognostic Analysis
of Tumor Mutation Burden and Immune Infiltration in Hepatocellular
Carcinoma Based on TCGA Data. Aging (Albany NY) (2021) 13:11257–80.
doi: 10.18632/aging.202811

6. Yin L, Zhou L, Xu R. Identification of Tumor Mutation Burden and Immune
Infiltrates in Hepatocellular Carcinoma Based on Multi-Omics Analysis.
Front Mol Biosci (2020) 7:599142. doi: 10.3389/fmolb.2020.599142

7. Peng Y, Liu C, Li M, Li W, Zhang M, Jiang X, et al. Identification of a
Prognostic and Therapeutic Immune Signature Associated With
Hepatocellular Carcinoma. Cancer Cell Int (2021) 21:98. doi: 10.1186/
s12935-021-01792-4

8. Schmitt AM, Chang HY. Long Noncoding RNAs in Cancer Pathways. Cancer
Cell (2016) 29:452–63. doi: 10.1016/j.ccell.2016.03.010

9. Thomson DW, Dinger ME. Endogenous microRNA Sponges: Evidence and
Controversy. Nat Rev Genet (2016) 17:272–83. doi: 10.1038/nrg.2016.20

10. Huang D, Chen J, Yang L, Ouyang Q, Li J, Lao L, et al. NKILA lncRNA
Promotes Tumor Immune Evasion by Sensitizing T Cells to Activation-
Induced Cell Death. Nat Immunol (2018) 19:1112–25. doi: 10.1038/s41590-
018-0207-y

11. Rupaimoole R, Lee J, Haemmerle M, Ling H, Previs RA, Pradeep S, et al. Long
Noncoding RNA Ceruloplasmin Promotes Cancer Growth by Altering
Glycolysis. Cell Rep (2015) 13:2395–402. doi: 10.1016/j.celrep.2015.11.047

12. Wong CM, Tsang FH, Ng IO. Non-Coding RNAs in Hepatocellular
Carcinoma: Molecular Functions and Pathological Implications. Nat Rev
Gastroenterol Hepatol (2018) 15:137–51. doi: 10.1038/nrgastro.2017.169

13. Li SY, Zhu Y, Li RN, Huang JH, You K, Yuan YF, et al. LncRNA Lnc-APUE
Is Repressed by HNF4a and Promotes G1/S Phase Transition and Tumor
Growth by Regulating MiR-20b/E2F1 Axis. Adv Sci (Weinh) (2021)
8:2003094. doi: 10.1002/advs.202003094

14. Wang Y, Yang L, Chen T, Liu X, Guo Y, Zhu Q, et al. A Novel lncRNA
MCM3AP-AS1 Promotes the Growth of Hepatocellular Carcinoma by
Targeting miR-194-5p/FOXA1 Axis. Mol Cancer (2019) 18:28. doi: 10.1186/
s12943-019-0957-7

15. Wang H, Huo X, Yang XR, He J, Cheng L, Wang N, et al. STAT3-Mediated
Upregulation of lncRNA HOXD-AS1 as a ceRNA Facilitates Liver Cancer
Metastasis by Regulating SOX4. Mol Cancer (2017) 16:136. doi: 10.1186/
s12943-017-0680-1

16. Wang Y, Liu Z, Yao B, Li Q, Wang L, Wang C, et al. Long Non-Coding RNA
CASC2 Suppresses Epithelial-Mesenchymal Transition of Hepatocellular
Carcinoma Cells Through CASC2/miR-367/FBXW7 Axis. Mol Cancer
(2017) 16:123. doi: 10.1186/s12943-017-0702-z

17. Zhang R, Jiang YY, Xiao K, Huang XQ, Wang J, Chen SY. Candidate lncRNA-
miRNA-mRNA Network in Predicting Hepatocarcinogenesis With Cirrhosis:
An Integrated Bioinformatics Analysis. J Cancer Res Clin Oncol (2020)
146:87–96. doi: 10.1007/s00432-019-03090-z

18. Sun JR, Kong CF, Xiao KM, Yang JL, Qu XK, Sun JH. Integrated Analysis of
lncRNA-Mediated ceRNA Network Reveals a Prognostic Signature for
Hepatocellular Carcinoma. Front Genet (2020) 11:602542. doi: 10.3389/
fgene.2020.602542

19. Parkinson H, Kapushesky M, Kolesnikov N, Rustici G, Shojatalab M,
Abeygunawardena N, et al. ArrayExpress Update–From an Archive of
Functional Genomics Experiments to the Atlas of Gene Expression. Nucleic
Acids Res (2009) 37:D868–72. doi: 10.1093/nar/gkn889

20. Kim SM, Leem SH, Chu IS, Park YY, Kim SC, Kim SB, et al. Sixty-Five Gene-
Based Risk Score Classifier Predicts Overall Survival in Hepatocellular
Carcinoma. Hepatology (2012) 55:1443–52. doi: 10.1002/hep.24813
Frontiers in Oncology | www.frontiersin.org 15
21. Newman V, Moore B, Sparrow H, Perry E. The Ensembl Genome Browser:
Strategies for Accessing Eukaryotic Genome Data. Methods Mol Biol (2018)
1757:115–39. doi: 10.1007/978-1-4939-7737-6_6

22. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. Limma Powers
Differential Expression Analyses for RNA-Sequencing and Microarray
Studies. Nucleic Acids Res (2015) 43:e47. doi: 10.1093/nar/gkv007

23. Wang P, Wang Y, Hang B, Zou X, Mao JH. A Novel Gene Expression-Based
Prognostic Scoring System to Predict Survival in Gastric Cancer. Oncotarget
(2016) 7:55343–51. doi: 10.18632/oncotarget.10533

24. XiaoW,Wu Y, Zhou H. ConvexLAR: An Extension of Least Angle Regression.
J Comput Graph Stat (2015) 24:603–26. doi: 10.1080/10618600.2014.962700

25. Huang ML, Hung YH, Lee WM, Li RK, Jiang BR. SVM-RFE Based
Feature Selection and Taguchi Parameters Optimization for Multiclass
SVM Classifier. ScientificWorldJournal (2014) 2014:795624. doi: 10.1155/
2014/795624

26. Eng KH, Schiller E, Morrell K. On Representing the Prognostic Value of
Continuous Gene Expression Biomarkers With the Restricted Mean Survival
Curve. Oncotarget (2015) 6:36308–18. doi: 10.18632/oncotarget.6121

27. Zhang C, Li Z, Qi F, Hu X, Luo J. Exploration of the Relationships Between
Tumor Mutation Burden With Immune Infiltrates in Clear Cell Renal Cell
Carcinoma. Ann Transl Med (2019) 7:648. doi: 10.21037/atm.2019.10.84

28. Chen B, Khodadoust MS, Liu CL, Newman AM, Alizadeh AA. Profiling
Tumor Infiltrating Immune Cells With CIBERSORT. Methods Mol Biol
(2018) 1711:243–59. doi: 10.1007/978-1-4939-7493-1_12

29. Hu D, Zhou M, Zhu X. Deciphering Immune-Associated Genes to Predict
Survival in Clear Cell Renal Cell Cancer. BioMed Res Int (2019) 2019:2506843.
doi: 10.1155/2019/2506843

30. Paraskevopoulou MD, Vlachos IS, Karagkouni D, Georgakilas G, Kanellos I,
Vergoulis T, et al. DIANA-LncBase V2: Indexing microRNA Targets on non-
Coding Transcripts. Nucleic Acids Res (2016) 44:D231–8. doi: 10.1093/nar/
gkv1270

31. Li JH, Liu S, Zhou H, Qu LH, Yang JH. Starbase V2.0: Decoding miRNA-
ceRNA, miRNA-ncRNA and Protein-RNA Interaction Networks From
Large-Scale CLIP-Seq Data. Nucleic Acids Res (2014) 42:D92–7. doi:
10.1093/nar/gkt1248

32. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al.
Cytoscape: A Software Environment for Integrated Models of Biomolecular
Interaction Networks. Genome Res (2003) 13:2498–504. doi: 10.1101/
gr.1239303

33. Huang da W, Sherman BT, Lempicki RA. Systematic and Integrative Analysis
of Large Gene Lists Using DAVID Bioinformatics Resources. Nat Protoc
(2009) 4:44–57. doi: 10.1038/nprot.2008.211

34. Huang da W, Sherman BT, Lempicki RA. Bioinformatics Enrichment Tools:
Paths Toward the Comprehensive Functional Analysis of Large Gene Lists.
Nucleic Acids Res (2009) 37:1–13. doi: 10.1093/nar/gkn923

35. Yang B, Li M, Tang W, Liu W, Zhang S, Chen L, et al. Dynamic Network
Biomarker Indicates Pulmonary Metastasis at the Tipping Point of
Hepatocellular Carcinoma. Nat Commun (2018) 9:678. doi: 10.1038/s41467-
018-03024-2

36. Guo M, Yuan F, Qi F, Sun J, Rao Q, Zhao Z, et al. Expression and Clinical
Significance of LAG-3, FGL1, PD-L1 and CD8(+)T Cells in Hepatocellular
Carcinoma Using Multiplex Quantitative Analysis. J Transl Med (2020)
18:306. doi: 10.1186/s12967-020-02469-8

37. Camp RL, Dolled-Filhart M, Rimm DL. X-Tile: A New Bio-Informatics Tool
for Biomarker Assessment and Outcome-Based Cut-Point Optimization. Clin
Cancer Res (2004) 10:7252–9. doi: 10.1158/1078-0432.CCR-04-0713

38. Sutherland CL, Rabinovich B, Chalupny NJ, Brawand P, Miller R, Cosman D.
ULBPs, Human Ligands of the NKG2D Receptor, Stimulate Tumor Immunity
With Enhancement by IL-15. Blood (2006) 108:1313–9. doi: 10.1182/blood-
2005-11-011320

39. Cadoux M, Caruso S, Pham S, Gougelet A, Pophillat C, Riou R, et al.
Expression of NKG2D Ligands is Downregulated by b-Catenin Signalling
and Associates With HCC Aggressiveness. J Hepatol (2021) 74:1386–97. doi:
10.1016/j.jhep.2021.01.017

40. Concha-Benavente F, Kansy B, Moskovitz J, Moy J, Chandran U, Ferris RL.
PD-L1 Mediates Dysfunction in Activated PD-1(+) NK Cells in Head and
Neck Cancer Patients. Cancer Immunol Res (2018) 6:1548–60. doi: 10.1158/
2326-6066.CIR-18-0062
September 2021 | Volume 11 | Article 729340

https://doi.org/10.1158/2159-8290.CD-20-1680
https://doi.org/10.1038/s41575-021-00438-0
https://doi.org/10.1056/NEJMra1713263
https://doi.org/10.1126/science.aar4060
https://doi.org/10.18632/aging.202811
https://doi.org/10.3389/fmolb.2020.599142
https://doi.org/10.1186/s12935-021-01792-4
https://doi.org/10.1186/s12935-021-01792-4
https://doi.org/10.1016/j.ccell.2016.03.010
https://doi.org/10.1038/nrg.2016.20
https://doi.org/10.1038/s41590-018-0207-y
https://doi.org/10.1038/s41590-018-0207-y
https://doi.org/10.1016/j.celrep.2015.11.047
https://doi.org/10.1038/nrgastro.2017.169
https://doi.org/10.1002/advs.202003094
https://doi.org/10.1186/s12943-019-0957-7
https://doi.org/10.1186/s12943-019-0957-7
https://doi.org/10.1186/s12943-017-0680-1
https://doi.org/10.1186/s12943-017-0680-1
https://doi.org/10.1186/s12943-017-0702-z
https://doi.org/10.1007/s00432-019-03090-z
https://doi.org/10.3389/fgene.2020.602542
https://doi.org/10.3389/fgene.2020.602542
https://doi.org/10.1093/nar/gkn889
https://doi.org/10.1002/hep.24813
https://doi.org/10.1007/978-1-4939-7737-6_6
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.18632/oncotarget.10533
https://doi.org/10.1080/10618600.2014.962700
https://doi.org/10.1155/2014/795624
https://doi.org/10.1155/2014/795624
https://doi.org/10.18632/oncotarget.6121
https://doi.org/10.21037/atm.2019.10.84
https://doi.org/10.1007/978-1-4939-7493-1_12
https://doi.org/10.1155/2019/2506843
https://doi.org/10.1093/nar/gkv1270
https://doi.org/10.1093/nar/gkv1270
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1093/nar/gkn923
https://doi.org/10.1038/s41467-018-03024-2
https://doi.org/10.1038/s41467-018-03024-2
https://doi.org/10.1186/s12967-020-02469-8
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1182/blood-2005-11-011320
https://doi.org/10.1182/blood-2005-11-011320
https://doi.org/10.1016/j.jhep.2021.01.017
https://doi.org/10.1158/2326-6066.CIR-18-0062
https://doi.org/10.1158/2326-6066.CIR-18-0062
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Qi et al. TMB-Associated ceRNA Promotes Immune Escape
41. Li W, Chen QF, Huang T, Wu P, Shen L, Huang ZL. Identification and
Validation of a Prognostic lncRNA Signature for Hepatocellular Carcinoma.
Front Oncol (2020) 10:780. doi: 10.3389/fonc.2020.00780

42. Guo C, Zhou S, Yi W, Yang P, Li O, Liu J, et al. Long non-Coding RNA
Muskelin 1 Antisense RNA (MKLN1-AS) Is a Potential Diagnostic and
Prognostic Biomarker and Therapeutic Target for Hepatocellular
Carcinoma. Exp Mol Pathol (2021) 120:104638. doi: 10.1016/j.yexmp.
2021.104638

43. Nikas JB, Mitanis NT, Nikas EG. Whole Exome and Transcriptome RNA-
Sequencing Model for the Diagnosis of Prostate Cancer. ACS Omega (2019)
5:481–6. doi: 10.1021/acsomega.9b02995

44. Zheng Y, Chen Z, Zhou Z, Xu X, Yang H. Silencing of Long Non-Coding RNA
LINC00607 Prevents Tumor Proliferation of Osteosarcoma by Acting as a
Sponge of miR-607 to Downregulate E2F6. Front Oncol (2020) 10:584452. doi:
10.3389/fonc.2020.584452

45. Li D, Bao J, Yao J, Li J. lncRNA USP2-AS1 Promotes Colon Cancer
Progression by Modulating Hippo/YAP1 Signaling. Am J Transl Res (2020)
12:5670–82.

46. Guo B, Yu L, Sun Y, Yao N, Ma L. Long non-Coding RNA USP2-AS1
Accelerates Cell Proliferation and Migration in Ovarian Cancer by Sponging
miR-520d-3p and Up-Regulating KIAA1522. Cancer Manag Res (2020)
12:10541–50. doi: 10.2147/CMAR.S268863

47. Wen J, Liu J, Wang B, Jiang H, Wan L, Xin L, et al. Prediction of Self-
Perception of Patient in Rheumatoid Arthritis With the Key RNAs Expression
Profiles. Front Med (Lausanne) (2020) 7:567. doi: 10.3389/fmed.2020.00567

48. Zhang YH, Song J, Shen L, Shao J. Systematic Identification of lncRNAs and
circRNAs-Associated ceRNA Networks in Human Lumbar Disc
Degeneration. Biotech Histochem (2019) 94:606–16. doi: 10.1080/10520295.
2019.1622782

49. Liu L, Wang H, Zhang X, Chen R. Identification of Potential Biomarkers in
Neonatal Sepsis by Establishing a Competitive Endogenous RNA Network.
Comb Chem High Throughput Screen (2020) 23:369–80. doi: 10.2174/
1386207323666200401121204

50. Zhang SB, Liu TJ, Pu GH, Li BY, Gao XZ, Han XL. Suppression of Long Non-
Coding RNA LINC00652 Restores Sevoflurane-Induced Cardioprotection
Against Myocardial Ischemia-Reperfusion Injury by Targeting GLP-1R
Through the cAMP/PKA Pathway in Mice. Cell Physiol Biochem (2018)
49:1476–91. doi: 10.1159/000493450

51. Chan TA, Yarchoan M, Jaffee E, Swanton C, Quezada SA, Stenzinger A, et al.
Development of Tumor Mutation Burden as an Immunotherapy Biomarker:
Utility for the Oncology Clinic. Ann Oncol (2019) 30:44–56. doi: 10.1093/
annonc/mdy495

52. Jardim DL, Goodman A, de Melo Gagliato D, Kurzrock R. The Challenges of
Tumor Mutational Burden as an Immunotherapy Biomarker. Cancer Cell
(2021) 39:154–73. doi: 10.1016/j.ccell.2020.10.001

53. Xu G, Xu WY, Xiao Y, Jin B, Du SD, Mao YL, et al. The Emerging Roles of
non-Coding Competing Endogenous RNA in Hepatocellular Carcinoma.
Cancer Cell Int (2020) 20:496. doi: 10.1186/s12935-020-01581-5
Frontiers in Oncology | www.frontiersin.org 16
54. Giglio S, De Nunzio C, Cirombella R, Stoppacciaro A, Faruq O, Volinia S,
et al. A Preliminary Study of Micro-RNAs as Minimally Invasive Biomarkers
for the Diagnosis of Prostate Cancer Patients. J Exp Clin Cancer Res (2021)
40:79. doi: 10.1186/s13046-021-01875-0

55. Mondelli MU. NKG2D and Its Ligands: Key to Immunotherapy of Liver
Cancer? J Hepatol (2012) 56:308–10. doi: 10.1016/j.jhep.2011.07.008

56. Delconte RB, Kolesnik TB, Dagley LF, Rautela J, Shi W, Putz EM, et al. CIS is a
Potent Checkpoint in NK Cell-Mediated Tumor Immunity. Nat Immunol
(2016) 17:816–24. doi: 10.1038/ni.3470

57. Chang H, Jung W, Kim A, Kim HK, Kim WB, Kim JH, et al. Expression and
Prognostic Significance of Programmed Death Protein 1 and Programmed
Death Ligand-1, and Cytotoxic T Lymphocyte-Associated Molecule-4 in
Hepatocellular Carcinoma. APMIS (2017) 125:690–8. doi: 10.1111/apm.12703

58. Gao Q, Wang XY, Qiu SJ, Yamato I, Sho M, Nakajima Y, et al. Overexpression
of PD-L1 Significantly Associates With Tumor Aggressiveness and
Postoperative Recurrence in Human Hepatocellular Carcinoma. Clin Cancer
Res (2009) 15:971–9. doi: 10.1158/1078-0432.CCR-08-1608

59. Jung HI, Jeong D, Ji S, Ahn TS, Bae SH, Chin S, et al. Overexpression of PD-L1
and PD-L2 Is AssociatedWith Poor Prognosis in Patients With Hepatocellular
Carcinoma. Cancer Res Treat (2017) 49:246–54. doi: 10.4143/crt.2016.066

60. Kan G, Dong W. The Expression of PD-L1 APE1 and P53 in Hepatocellular
Carcinoma and its Relationship to Clinical Pathology. Eur Rev Med
Pharmacol Sci (2015) 19:3063–71.

61. Sideras K, Biermann K, Verheij J, Takkenberg BR, Mancham S, Hansen BE,
et al. PD-L1, Galectin-9 and CD8(+) Tumor-Infiltrating Lymphocytes Are
Associated With Survival in Hepatocellular Carcinoma. Oncoimmunology
(2017) 6:e1273309. doi: 10.1080/2162402X.2016.1273309

Conflict of Interest: Author DZ, MH, and YB were employed by the company of
3D Medicines Inc.

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

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

Copyright © 2021 Qi, Du, Zhao, Zhang, Huang, Bai, Yang, Qin and Xia. 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.
September 2021 | Volume 11 | Article 729340

https://doi.org/10.3389/fonc.2020.00780
https://doi.org/10.1016/j.yexmp.2021.104638
https://doi.org/10.1016/j.yexmp.2021.104638
https://doi.org/10.1021/acsomega.9b02995
https://doi.org/10.3389/fonc.2020.584452
https://doi.org/10.2147/CMAR.S268863
https://doi.org/10.3389/fmed.2020.00567
https://doi.org/10.1080/10520295.2019.1622782
https://doi.org/10.1080/10520295.2019.1622782
https://doi.org/10.2174/1386207323666200401121204
https://doi.org/10.2174/1386207323666200401121204
https://doi.org/10.1159/000493450
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1016/j.ccell.2020.10.001
https://doi.org/10.1186/s12935-020-01581-5
https://doi.org/10.1186/s13046-021-01875-0
https://doi.org/10.1016/j.jhep.2011.07.008
https://doi.org/10.1038/ni.3470
https://doi.org/10.1111/apm.12703
https://doi.org/10.1158/1078-0432.CCR-08-1608
https://doi.org/10.4143/crt.2016.066
https://doi.org/10.1080/2162402X.2016.1273309
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

	Tumor Mutation Burden-Associated LINC00638/miR-4732-3p/ULBP1 Axis Promotes Immune Escape via PD-L1 in Hepatocellular Carcinoma
	Introduction
	Methods
	Data Source and Differentially Expressed RNAs
	Identification of lncRNAs With Prognostic Signature
	Construction of Prognostic Model and Nomogram
	TMB Analysis
	Immune Infiltration Analysis in Prognostic Score Groups
	Establishment of ceRNA Network
	Cell Lines and Culture
	Fluorescence In Situ Hybridization (FISH)
	Immunofluorescence
	Luciferase Reporter Assay
	Co-Immunoprecipitation (Co-IP)
	Patients and Tissue Microarrays
	Multiplex Immunofluorescence
	Imaging and Colocalization Analysis of mIF
	Immunofluorescence Intensity Analysis of mIF
	Statistics

	Results
	Exploration of Hub lncRNAs With Prognostic Signatures for HCC
	Construction of an Eight-lncRNA Prognostic Signature for HCC
	The Significant Correlation Between PS and OS in Stratified Analysis
	The PS Was Associated With TMB
	Entanglement Among the PS, TMB and Immune Infiltration
	Establishment of a ceRNA Network
	PD-L1 Contributed to Immune Escape in HCC With High ULBP1
	Combined Survival Analysis of ULBP1 and PD-L1 in HCC

	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


