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Background: Hepatocellular carcinoma (HCC) is regarded as one of the most common
cancers in the world with a poor prognosis. Patients with HCC often have abnormal purine
and uric acid metabolism, but their relationship with prognosis is unclear.

Methods: Here, we collected the data of peripheral blood uric acid and clinical data in
50 patients with HCC and analyzed the relationship with prognosis. At the same time, the
transcriptome sequencing data of TCGA and GEO databases were collected to analyze
the changes in purine metabolic pathway activity and construct a prognosis prediction
model. Based on the prognosis prediction model related to purine metabolism, we further
looked for the differences in the immune microenvironment and molecular level and
provided possible drug targets.

Results: We found that the level of serum uric acid was positively correlated with the
prognosis of HCC. At the same time, purine metabolism and purine biosynthesis pathway
activities were significantly activated in patients with a poor prognosis of HCC. The
prognosis prediction model of HCC based on purine metabolism and purine
biosynthesis pathway can accurately evaluate the prognosis of patients with HCC.
Meanwhile, we found that there were significant changes in tumor immune infiltration
microenvironment and biological function at the molecular level in patients with over-
activation of purine metabolism and purine biosynthesis pathway. In addition, we found
that uric acid level was positively correlated with peripheral blood leukocytes in HCC
patients.

Conclusion: In this study, we found that the level of peripheral blood uric acid in patients
with HCC is correlated with their prognosis. The prognosis of patients with HCC can be
accurately predicted through the metabolic process of uric acid and purine.

Keywords: hepatocellular carcinoma, prognosis, metabolism signature, purine, uric acid

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common histological subtype of primary liver cancer,
accounting for about 90% of all cases (Yuan et al., 2020). The malignant rate of HCC is very high,
causing about 700,000 deaths every year in the world. It is the fourth leading cause of cancer death in
the world (Lee and Lee, 2020). The existing treatment schemes include surgical resection, local
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ablation, liver transplantation, chemotherapy, molecular targeted
therapy, and immunotherapy (Dai et al., 2022; Kong et al., 2022).
However, due to the difficulty of early diagnosis of HCC and the
high rate of tumor invasion and recurrence, the overall survival
rate and prognosis of patients have been poor, and the average
median survival time is about 1 year.

The imbalance of the tumor metabolic pathway is closely
related to tumor growth and proliferation (Ke et al., 2022).
Tumors need to increase energy consumption to maintain a
high metabolic rate, which leads to the change of key
metabolic pathways (Vasan and Cantley, 2022). The metabolic
activity of tumor cells is significantly different from that of
normal cells, and purine metabolism is an important part of
material metabolism, which provides necessary components for
DNA and RNA (Yuan et al., 2022). The genes of the purine
synthesis pathway also have an impact in the field of tumors.

Studies have shown that the metabolic imbalance of purine and
uric acid is one of the most significant metabolic changes in cancer,
which not only affects the growth of primary tumors but alsomediates
tumor progression and metastasis (Wu et al., 2021). However, the
relationship between purine and uric acid metabolism and the
prognosis of patients with HCC has not been fully clarified.

In our study, we collected the data of peripheral blood uric acid
in 50 patients with HCC and analyzed the relationship with
prognosis. At the same time, the transcriptome sequencing data
of TCGA and GEO databases were collected to analyze the
changes in purine metabolic pathway activity and construct a
prognosis prediction model. Based on the prognosis prediction
model related to purine metabolism, we further looked for the
differences in the immune microenvironment and molecular
level and provided possible drug targets.

METHODS

Data Collection of Hepatocellular
Carcinoma Patients
The patient’s research was approved by the Beijing Shijitan
Hospital and obtained the patient’s informed consent. A total
of 50 patients with HCC were included in this study. Their
gender, age, tumor stage, survival time, survival status,
peripheral blood uric acid content, and peripheral blood
leukocyte count were collected. See Supplementary Table S1
for details. The whole research process does not change the
routine of clinical diagnosis and treatment, which belongs to
observational research.

Survival Analysis of HCC Patients With High
Uric Acid and Low Uric Acid
First, according to the median uric acid content of 50 patients
with HCC, they were divided into two groups: high UA and low
UA, with 25 people in each group. The survival package of R
software was used to analyze the KM survival of high uric acid
(high UA) and low uric acid (low UA) groups in order to identify
whether there are survival differences between high UA and low
UA groups.

Collection and Preprocessing of
Transcriptome Data and Clinical Data
The transcriptome sequencing data and corresponding clinical
information of HCC patients were downloaded from TCGA
database (https://www.cancer.gov/about-nci/organization/ccg/
research/structural-genomics/tcga). A total of 372 patients
were collected as training sets. Two independent HCC patient
data sets GSE54236 and GSE27150 were downloaded from the
GEO database (https://www.ncbi.nlm.nih.gov) as validation sets.
Transcriptome sequencing data and corresponding clinical
information were collected.

The Transcriptome Sequencing Data Were
Analyzed for 113 Metabolic-Related
Pathways and GSVA Function Score
The gene set of 113 metabolic-related pathways comes from
published articles (Possemato et al., 2011). Through the R
software GSVA package, 113 metabolic pathways of
transcriptome sequencing data are scored for GSVA. The
specific parameters are as follows: kcdf = “Poisson” and
method = “gsva".

Screening Metabolic Pathways Related to
the Prognosis of HCC by Univariate Cox
Regression
After integrating the GSVA score of 113 metabolic pathways with
the prognosis of HCC, univariate Cox regression analysis was
carried out by R software. p < 0.05 was selected as the statistical
difference standard to screen the metabolic pathways related to
survival.

Differential Expression Gene Analysis
The differential analysis process was completed by the limma
package. The transcriptome sequencing data after
standardization were selected. The differential expression genes
(DEGs) screening criteria were | log2FC ≥ 2| and p < 0.05.

GO and KEGG Functional Enrichment
Analysis
GO and KEGG function enrichment analysis is completed by g:
Profiler online analysis website, and default parameters are
selected for analysis (https://biit.cs.ut.ee/gprofiler/gost). The
upregulated DEGs and downregulated DEGs were introduced
into the g:Profiler online analysis website, respectively, and p < 0.
05 was selected as the statistical difference threshold.

Protein Interaction Analysis
PPI analysis is completed by STRING online analysis website
(https://cn.string-db.org/), and the default parameters are selected
for analysis. The DEGs were led to the STRING online analysis
website to generate protein–protein interaction coefficients. The
data were downloaded and imported into Cytoscape software to
construct a protein–protein interaction network. The key modules
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are mined through the MCODE plug-in, and the key hub genes are
found through the Cytohubber plug-in.

Statistical Analysis
R software (version: 4.1.1) is used for statistical analysis and
mapping. The information and survival time of patients were
counted and plotted with Kaplan Meier curve. In the 3- and 5-
year survival data, the prognostic correlation of genes was
evaluated by distinguishing the area under the curve (AUC)
generated by the curve. The Cox regression model was used
for univariate analysis. An independent sample t-test was applied
when only two groups were compared, whereas comparisons
among groups were analyzed by two-way ANOVA. For all

statistical methods, p < 0.05 was considered to be a significant
difference.

RESULTS

Uric Acid was Positively Correlated With
Poor Prognosis in Patients With
Hepatocellular Carcinoma
In order to detect whether uric acid-related metabolism is related
to the prognosis of patients with HCC, we recruited 50 patients
with HCC and collected clinical data such as uric acid in

FIGURE 1 | Uric acid was positively correlated with poor prognosis in patients with HCC. (A) Demonstrate the relationship between uric acid and survival curve; (B)
content of uric acid in peripheral blood of patients with different stages of HCC; (C) content of uric acid in peripheral blood of patients with HCC in different genders; (D)
content of uric acid in peripheral blood of patients with HCC at different ages; (E) forest map shows the relationship between different metabolic pathways and the
prognosis of patients with HCC; (F) purine metabolic pathway activity in patients with different stages of HCC; (G) purine synthesis pathway activity in patients with
different stages of HCC.
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peripheral blood, tumor stage, survival time, gender, and age
(Supplementary Table S1). Survival analysis showed that the
higher the content of uric acid in peripheral blood, the worse the
prognosis of patients with HCC (Figure 1A). Next, we analyzed
the expression of uric acid in patients with different stages of
HCC. The results shown in Figure 1B that the content of uric acid
in peripheral blood in high tumor stages (stages 3 and 4) was
significantly higher than that in low tumor stages (stages 1 and 2).
At the same time, the content of uric acid was not related to
gender and age (Figures 1C,D).

Subsequently, we collected the transcriptome expression data
of 372 patients and their corresponding clinical information
(including tumor stage, survival time, gender, and age) from
TCGA database. First, we score 113 metabolic pathways through
the GSVA algorithm (Supplementary Table S2). Then, we
carried out a univariate Cox regression analysis of
113 metabolic-related pathways (Supplementary Table S3).

The results showed that the metabolic pathways related to
purine metabolism and purine synthesis were significantly
correlated with the poor prognosis of patients with HCC
(Figure 1E). The enhancement of purine metabolism can
produce uric acid accumulation, which is one of the
pathogeneses of gout. Meanwhile, purine metabolism and
purine synthesis pathways had no correlation with tumor stage
(Figures 1F,G).

Construct a Prognostic Model of
Purine-Related Metabolic Pathway in
Patients With HCC
Next, we divided the 371 HCC patients into the high score and
low score groups according to the median GSVA score of
purine metabolism and purine synthesis pathways. Survival
analysis showed that the higher the GSVA score of purine

FIGURE 2 | Construct a prognostic model of purine-related metabolic pathway in patients with HCC. (A) Survival curve showed the relationship between the
activity of purine metabolism pathway and the prognosis of HCC; (B) survival curve showed the relationship between purine biosynthesis pathway activity and prognosis
of HCC; (C) scatter plot shows the purine metabolic pathway activity and purine synthesis pathway activity of each patient with HCC and are divided into four groups
according to the median of the two groups; (D) ROC curve shows the accuracy of predicting the prognosis of HCC according to the activity of purine metabolic
pathway; (E) ROC curve shows the accuracy of predicting the prognosis of HCC according to the activity of purine synthesis pathway; (F) survival curve shows the
prognosis of patients with HCC in different groups; (G) survival curve showed the relationship between the activity of purine synthesis pathway and the prognosis of HCC
(GSE54236); (H) survival curve showed the relationship between purine metabolism pathway activity and prognosis of HCC (GSE54236); (I) survival curve showed the
relationship between the activity of purine synthesis pathway and the prognosis of HCC (GSE27150); (J) survival curve showed the relationship between the activity of
purine metabolism pathway and the prognosis of HCC (GSE27150).
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metabolism and purine synthesis pathways, the worse the
prognosis of patients with HCC (Figures 2A,B). At the
same time, the ROC curve shows the accuracy of the
prediction effect. The AUC values of 1, 3, and 5 years are
greater than 0.6, showing good accuracy and specificity
(Figures 2D,E). At the same time, we collected two
independent data sets from the GEO database as verification
sets, and the results are consistent with TCGA database

(Figures 2F–J). In order to reduce the bias in the selection
of purine metabolism gene sets, we collected another 11 purine
metabolism-related gene sets from the GO database, KEGG
database, Reactome database, and WikiPathways for
verification. The results in 73% (8/11) of the gene sets were
consistent with the previous results, and urine metabolism is a
poor prognostic factor for HCC (Supplementary
Table S4).—→

FIGURE 3 | Purine metabolism affects immune infiltration microenvironment in patients with HCC. (A) Violin diagram shows the proportion of 22 immune cells in
HCC patients in the PBhiPMhi group and PBloPMlo group. (B) Correlation between uric acid level and peripheral blood leukocytes in HCC patients. (C–E) Estimate and
MCP count algorithms to verify the immune infiltration between PBloPMlo and PBhiPMhi groups.
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Then, according to the GSVA score of purine metabolism
and purine synthesis pathways, we further divided HCC
patients into four groups: high purine biosynthesis and high
purine metabolism (PBhiPMhi), high purine biosynthesis and
low purine metabolism (PBhiPMlo), low purine biosynthesis
and high purine metabolism (PBloPMhi), and low purine
biosynthesis and low purine metabolism (PBloPMlo)
(Figure 2C). Survival analysis showed that the prognosis of
PBhiPMhi was the worst, and the prognosis of the PBloPMlo
group was the best, while the other two groups were in between
(Figure 2F). These results suggest that purine metabolism and
synthesis may be good predictors of prognosis.

Purine Metabolism Affects Immune
Infiltration Microenvironment in Patients
With HCC
The immune microenvironment is related to the prognosis of a
variety of tumors. In order to explore whether purine-related
metabolism can affect the tumor microenvironment of HCC
patients, we analyzed 22 kinds of immune cells in the tumor
immune infiltration microenvironment of 372 HCC patients in
TCGA database by the CIBERSORT algorithm. The results of
immune infiltration analysis showed that the contents of CD4+

T cells and M1 macrophages decreased significantly in patients
with PBhiPMhi, while the contents of helper T cells and
M2 macrophages increased significantly (Figure 3A). This

suggests that purine-related metabolism is related to the
immune infiltration microenvironment of the tumor. To be
further explored the relationship between purine metabolism
and immune cell infiltration, we collected peripheral blood
leukocyte data from patients with HCC and found that uric
acid level was positively correlated with peripheral blood
leukocytes (Figure 3B). At the same time, in order to verify
the reliability of CIBERSORT results, we also used MCP count
and Estimate algorithms to verify the immune infiltration, and
the results are basically consistent with the previous ones
(Figures 3C,D).

Analysis of Differential Gene Expressions
Between PBhiPMhi and PBloPMlo Groups
In order to further explore the differences at the molecular level
between patients with PBhiPMhi and patients with PBloPMlo,
we obtained the differential gene expressions (DEGs) between
the two groups by the limma method. The screening criteria of
DEGs were | log2fc ≥ 2 | and p < 0.05. The volcanic map showed
the results of DEGs (Figure 4A). In order to further understand
the function of these DEGs, we performed KEGG and GO
functional enrichment analyses of upregulated DEGs and
downregulated DEGs, respectively. KEGG enrichment
analysis showed that the upregulated DEGs in the PBhiPMhi
group were mainly enriched in neuroactive ligand receiver
interaction and IL-17 signaling pathway, while the

FIGURE 4 | Analysis of differential gene expressions (DEGs) between PBhiPMhi and PBloPMlo groups. (A) Volcanic map shows the DEG distribution of HCC
patients in the PBhiPMhi group and PBloPMlo group. (B) KEGG functional enrichment analysis of DEGs in patients with HCC; (C,D)GO functional enrichment analysis of
DEGs in patients with HCC.
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FIGURE 5 | Protein–protein interaction (PPI) analysis predicts possible molecular therapeutic targets. (A) Network diagram shows the DEG protein–protein
interaction network between the PBhiPMhi group and PBloPMlo group; (B–F) network diagram shows the five sub-networks of MCODE plug-in mining. (G) Functional
enrichment analysis on these 20 hub genes in three databases.
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downregulated DEGs were enriched in calcium signaling
pathway and gastric cancer (Figure 4B). GO enrichment
analysis showed that the upregulated DEGs in the PBhiPMhi
group were mainly enriched in the pathways related to the
occurrence and development of cancer, while the downregulated
DEGs were mainly enriched in the functions related to DNA
damage repair (Figures 4C,D).

Protein–Protein Interaction Analysis
Predicts Possible Molecular Therapeutic
Targets
In order to further find possible drug targets, we performed
protein–protein interactions on different genes through the
STRING database. Then, we can visualize the results in the
database (Figure 5A). In order to find the key modules in the
PPI network, we mine the modules of the PPI network through
the MCODE plug-in. Finally, we found five key modules,
which may be the key driver modules affecting the
prognosis of HCC (Figures 5B–F). At the same time, we
further explored the hub gene through the Cytohubber
plug-in. We found a total of 20 key hub genes, such as
recombinant somatostatin (SST), cholecystokinin (CCK),
and tachykinin precursor 1 (TAC1). The functions of these
genes need to be verified by experiments later (Supplementary
Table S5). Then, we performed functional enrichment analysis
on these 20 hub genes in three databases, and the results
showed that those hub genes were mainly enriched in
hormone activity, receptor-ligand activity, and GPCR ligand
binding (Figure 5G).

DISCUSSION

Purine is a heterocyclic bicyclic aromatic organic molecule,
which includes DNA, RNA, nucleosides and nucleotides,
AMP, ADP, ATP, GMP, GDP, GTP, and cyclic forms of
cAMP and cGMP, and participates in various metabolic
pathways and cell signal transduction (La Grotta et al., 2022;
Xiao et al., 2022). Uric acid is the product of purine metabolism.
The enhancement of purine metabolism will lead to the
accumulation of uric acid in peripheral blood. In this study,
we collected the data of uric acid in peripheral blood of
50 patients with HCC, analyzed its relationship with the
prognosis of patients with HCC, and analyzed the functional
enrichment of transcriptome, immune microenvironment,
KEGG, and GO in patients with HCC. Through
comprehensive bioinformatics analysis, we established the
prognosis prediction model of HCC and revealed the
potential significance of the purine metabolic pathway in
predicting the prognosis of HCC.

The imbalance of purine nucleotide metabolism often
occurs in the process of tumor occurrence and development
(Wang X. et al., 2022). Many enzymes involved in purine
nucleotide anabolism and catabolism are related to the
proliferation and drug resistance of tumor cells (Wu et al.,
2022). The imbalance of antioxidant and pro-inflammatory

properties of uric acid can also induce tumors and promote
their progress (Wang J. et al., 2022). Abnormal purine
nucleotide metabolism can affect the expression of genes
and proteins by regulating the signal transduction pathway
and promote cell malignant transformation, invasion, and
metastasis (Yang et al., 2019). The characteristics of
nucleotide metabolism are different in different tumor
patients.

A large number of studies have found that the level of serum uric
acid is positively correlated with the occurrence of colorectal cancer,
liver cancer, kidney cancer,melanoma, andhead andneck tumors, but
its relationshipwith the prognosis ofHCC is still unclear (Ayoub et al.,
2021; Wang H. et al., 2022; Wang J. et al., 2022). In our study, we
found that the level of serum uric acid was positively correlated with
the prognosis of HCC, suggesting that serum uric acid may be used as
an index to predict the prognosis of patients with HCC. At the same
time, we found that purine metabolism and purine anabolic pathway
activities were significantly activated in patients with poor prognoses
of HCC. The prognosis prediction model of HCC based on purine
metabolism and purine synthesis pathways can accurately evaluate the
prognosis of patients withHCC.At the same time,we found that there
were significant changes in tumor immune infiltration
microenvironment and biological function at the molecular level in
patients with over-activation of purine metabolism and purine
synthesis pathways, suggesting that purine metabolism and purine
synthesis can participate in multiple processes mediating tumor
occurrence and development.

In order to further explore possible drug targets, we
performed protein–protein interaction on different genes
through the STRING database and found a total of 20 key
hub genes based on purine metabolism and purine synthesis
prediction model, such as SST, CCK, and TAC1. These hub
genes may be potential therapeutic targets for HCC. Some
studies showed that SST expression can be used to predict an
unfavorable prognosis in patients with HCC (Kaemmerer
et al., 2017; Murakami et al., 2021). Serum levels of CCK
are elevated in HCC patients, and CCK blockade is a novel
approach for the prevention/treatment of HCC. (Tucker et al.,
2020; Gay et al., 2021). However, there are few studies on the
relationship between TACR1 and HCC. In studies of other
cancers, researchers found that TACR1 correlates with the
prognosis of colorectal cancer (CRC) and gastric cancer (GC)
(David et al., 2009; Yu et al., 2012). These targets may have to
guide significance for the future study of HCC.

In conclusion, in this study, we found that the level of
peripheral blood uric acid in patients with HCC is correlated
with their prognosis. The prognosis of patients with HCC can
be accurately predicted through the metabolic process of uric
acid and purine. At the same time, based on the prediction
model, we found the cellular and molecular mechanisms that
may affect the prognosis of HCC, including tumor immune
infiltration microenvironment, a variety of biological
processes, and potential drug targets. In addition, we found
that uric acid level was positively correlated with peripheral
blood leukocytes in HCC patients. The limitation of this study
is that it does not apply the data with more samples for large-
scale verification. We will conduct relevant experiments in the
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future. In a word, these findings may provide a new way to
predict the prognosis of HCC.
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