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Abstract

Background
Globally, Liver hepatocellular carcinoma (LIHC) is among the most commonly reported cancer type.
Despite numerous reports and efforts of this condition, its pathogenesis remains incompletely clear.

Methods
To search for candidate genes that play a role in LIHC carcinogenesis and progression, we analyzed
LncRNA AC008622.2 mRNA expression using LIHC data from The Cancer Genome Atlas (TCGA). A chi-
square (χ2) test was performed to assess relationships of AC008622.2 mRNA expressions and clinic-
pathological characteristics. The diagnostic value of AC008622.2 for LIHC was generated by the receiver
operating characteristic (ROC) curve assessment. Cox regression and Kaplan–Meier analyses were
analyzed to determine the prognostic signi�cance of AC008622.2 for LIHC outcomes. Interactions
between AC008622.2 cells and in�ltrated immune cells were analysed via ESTIMATE. Furthermore, a
compound-target-lncRNA network was constructed from the TCMSP database.

Results
AC008622.2 mRNA expressions in LIHC tissues were elevated. AC008622.2 demonstrated speci�c value
in LIHC diagnosis. High AC008622.2 levels correlated with histologicalal grade, clinical stage, and T
classi�cation of LIHC. Elevated AC008622.2 mRNA levels were associated with worse overall survival,
and poor progression-free interval. Furthermore, attest to univariate analysis, AC008622.2 was
established to be an independent risk factor for LIHC development. Additionally, there were signi�cantly
positive correlations between AC008622.2 expression and in�ltrating immune cells, such as NK cells,
neutrophils, DCs, cytotoxic cells, CD8 + T cells as well as B cells. Furthermore, a visualization network was
constructed and suggested that AC008622.2 has 9 overlapping target genes with Danzhi Xiaoyao
Powder.

Conclusions
AC008622.2 is a potential diagnostic as well as prognostic marker for LIHC.

Introduction
Liver hepatocellular carcinoma (LIHC),a prevalent liver tumor, is a leading cause of tumor-associated
deaths(1–3). Therefore, searching for new biomarkers are important for early diagnosis of LIHC. Many
scholars have conducted in-depth studies on the pathogenesis of liver carcinoma at home and abroad,
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but the exact cause of its pathogenesis is still unknown(4, 5). LncRNAs are special long-chain non-coding
RNA molecules that are commonly expressed in eukaryotic cells and can regulate the expression of many
genes by controlling or degrading RNA. LncRNAs play a crucial role in tissue development and
embryogenesis, organ development, cell growth, cell differentiation and apoptosis, and the occurrence
and progression of various diseases(6–8). Many clinical studies have proven the e�cacy of Traditional
Chinese Medicine (TCM) in improving the symptoms of advanced liver cancer patients. Danzhi Xiaoyao
Powder, a classic TCM treatment, is a proprietary Chinese medicine with detoxi�cation, anti-in�ammation,
and immune regulation properties(9–11). In this research, RNA sequencing (RNA-seq) data were acquired
from the TCGA database and used to evaluate the variations in lncRNA expressions between LIHC and
the adjacent liver tissues and to establish prospective genetic markers. Through RNA-seq survival
analysis, a prognostic model of AC008622.2 (rarely studied in tumor-related research) was established.
We compared AC008622.2 mRNA levels between LIHC and normal tissues. Then, associations between
clinical features and AC008622.2 mRNA levels in LIHC patients were assessed. We then explored the
potential relationships between AC008622.2 expression and immune in�ltration using R. Furthermore,
network pharmacology combined with bioinformatic methods was employed to analyze the relationship
between AC008622.2 and Danzhi Xiaoyao Powder(12). Our �ndings imply that AC008622.2 is a potential
diagnostic as well as prognostic marker for LIHC that can play a therapeutic role along with Danzhi
Xiaoyao Powder.

Methods
Gene expressions and clinical features of the TCGA data

Data from the TCGA database are publicly available and open-source, therefore, ethical approval for their
use was waived. TCGA_LIRC DeSeq2 data were retrieved from the TCGA database
(https://portal.gdc.cancer.gov/)(13). AC008622.2 mRNA levels, clinic-pathological features as well as
general information for LIHC samples were obtained.

Active compounds in Danzhi Xiaoyao Powder

The chemical compounds of Danzhi Xiaoyao Powder were retrieved from the TCM Systems
Pharmacology Database (TCMSP, http://tcmspw.com/tcmsp.php), which is an analysis platform for
comprehensive studies on the TCM. Active compounds identi�ed by a statistical analysis with OB ≥ 30%
and DL ≥ 0.18 were screened from TCMSP for successive research according to the most commonly
used criteria. Ultimately, 46 active compounds in Danzhi Xiaoyao Powder were selected.

Venn diagram and lncRNA-hub gene-active ingredient networks

The differentially expressed genes (DEGs) of AC008622.2 were identi�ed by single gene difference
analysis and intersected with the target genes of the active ingredients of Danzhi Xiaoyao Powder.
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Findings are presented in a Veen diagram. A network of the relationships among lncRNAs, target genes
and active ingredients was consctructed using the Cytoscape software (Version. 3.6.1).

Statistical analysis

Analyses were done in R. ROC curves were established using the pROC package. Associations between
clinical features and AC008622.2 mRNA levels were assessed using the Chi-square test. Then, Kaplan–
Meier and multivariate cox analyses were done to assess the correlation of AC008622.2 expression with
the prognosis of LIHC. ESTIMATE measures of immune cell in�ltrations was done by single-sample gene
set enrichment analysis (ssGSEA) according to the established immune signature. P < 0.05 denoted
signi�cance.

Results
Clinical features of LIHC patients

Clinical as well as gene expression data for 374 primary cancer and 50 normal samples were
downloaded from the TCGA database. They included patient age, histologicalal grade, pathologic stage,
vascular invasion, survival status, gender, and T classi�cation (Table 1).
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Table 1
Clinical features of LIHC patients

Characteristic levels Overall

n   374

Age, n (%) ≤ 60 177 (47.5%)

  > 60 196 (52.5%)

Gender, n (%) Female 121 (32.4%)

  Male 253 (67.6%)

histological grade, n (%) G1 55 (14.9%)

  G2 178 (48.2%)

  G3 124 (33.6%)

  G4 12 (3.3%)

Pathologic stage, n (%) Stage I 173 (49.4%)

  Stage II 87 (24.9%)

  Stage III 85 (24.3%)

  Stage IV 5 (1.4%)

Vascular invasion, n (%) No 208 (65.4%)

  Yes 110 (34.6%)

OS event, n (%) Death 244 (65.2%)

  Survival 130 (34.8%)

T stage, n (%) T1 183 (49.3%)

  T2 95 (25.6%)

  T3 80 (21.6%)

  T4 13 (3.5%)

Elevated AC008622.2 levels in LIHC patients

AC008622.2 transcript levels were analyzed in data from the TCGA database. AC008622.2 mRNA
expressions were markedly elevated in LIHC tissues, relative to normal tissues (paired samples, P < 0.001;
unpaired samples, P < 0.001). Patients at more advanced histologicalal stages had high AC008622.2
mRNA levels, relative to patients at less advanced histologicalal stages (P < 0.05). High-grade groups
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(G3/G4) exhibited high AC008622.2 mRNA levels than the low grade groups (G1/G2) (P < 0.001) (Figs. 1
and 2).

Diagnostic signi�cance of AC008622.2 mRNA levels in LIHC

The ROC curve analysis was used to investigate the diagnostic signi�cance of AC008622.2 mRNA levels
in LIHC. Area under curve (AUC) for AC008622.2 mRNA expression levels was 0.958. With regards to
diagnostic value at varying stages, the �ndings revealed a comparable diagnostic signi�cance, with AUC
values of 0.781, 0.746, 0.723 and 0.952 for stages I, II, III and IV, respectively (Fig. 3).

Association between clinical features and AC008622.2 mRNA levels in LIHC

Based on median AC008622.2 mRNA levels, samples were assigned into high and low groups. Elevated
AC008622.2 mRNA levels correlated with histologicalal stage (P < 0.001) (Table 2).
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Table 2
Relationship between AC008622.2 mRNA levels and clinical features in liver cancer

Characteristic Low expression of
AC008622.2

High expression of
AC008622.2

p

Age, n (%)     0.277

<=60 83 (22.3%) 94 (25.2%)  

> 60 104 (27.9%) 92 (24.7%)  

Gender, n (%)     0.377

Female 56 (15%) 65 (17.4%)  

Male 131 (35%) 122 (32.6%)  

histological grade, n
(%)

    < 
0.001

G1 37 (10%) 18 (4.9%)  

G2 95 (25.7%) 83 (22.5%)  

G3 48 (13%) 76 (20.6%)  

G4 3 (0.8%) 9 (2.4%)  

Pathologic stage, n (%)     0.065

Stage I 98 (28%) 75 (21.4%)  

Stage II 38 (10.9%) 49 (14%)  

Stage III 38 (10.9%) 47 (13.4%)  

Stage IV 1 (0.3%) 4 (1.1%)  

Vascular invasion, n
(%)

    0.063

No 115 (36.2%) 93 (29.2%)  

Yes 48 (15.1%) 62 (19.5%)  

T stage, n (%)     0.131

T1 102 (27.5%) 81 (21.8%)  

T2 40 (10.8%) 55 (14.8%)  

T3 36 (9.7%) 44 (11.9%)  

T4 6 (1.6%) 7 (1.9%)  

OS event, n (%)     0.002
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Characteristic Low expression of
AC008622.2

High expression of
AC008622.2

p

Alive 137 (36.6%) 107 (28.6%)  

Dead 50 (13.4%) 80 (21.4%)  

 
High AC008622.2 mRNA levels is an independent risk factor for OS outcomes in LIHC patients

Kaplan–Meier analysis showed that elevated AC008622.2 mRNA levels were associated with poor OS (P 
< 0.001), shorter progress free interval (P < 0.001) and poor disease speci�c survival (P < 0.05) (Figs. 4
and 5). Subgroup analysis revealed that AC008622.2 mRNA levels markedly affected OS outcomes in
LIHC cases of G1/G3 (P = 0.001), M0 (P < 0.001), T1/T2 (P = 0.001), T1/T3 (P < 0.001), clinical stage I/III
(P < 0.001), and II/III (P < 0.001) (Fig. 5).

Univariate analysis showed that elevated AC008622.2 mRNA levels, T classi�cation, and advanced stage
correlated with OS outcomes. Multivariate analysis showed that AC008622.2 mRNA levels are
independent risk factors for OS outcomes in LIHC (Table 3).
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Table 3
Association between mRNA expressions of AC008622.2 and overall survival

Characteristics Total(N) Univariate analysis Multivariate analysis

Hazard ratio
(95% CI)

P
value

Hazard ratio (95%
CI)

P
value

Gender 373        

Male 252 Reference      

Female 121 1.261 (0.885–
1.796)

0.200    

Age 373        

<=60 177 Reference      

> 60 196 1.205 (0.850–
1.708)

0.295    

T stage 370        

T1 183 Reference      

T2 94 1.431 (0.902–
2.268)

0.128 0.000 (0.000-Inf) 0.994

T3 80 2.674 (1.761–
4.060)

< 
0.001

0.865 (0.118–
6.326)

0.887

T4 13 5.386 (2.690-
10.784)

< 
0.001

1.740 (0.199–
15.200)

0.616

Pathologic stage 349        

Stage I 173 Reference      

Stage II 86 1.417 (0.868–
2.312)

0.164 4267218.741
(0.000-Inf)

0.994

Stage III 85 2.734 (1.792–
4.172)

< 
0.001

2.964 (0.406–
21.644)

0.284

Stage IV 5 5.597 (1.726–
18.148)

0.004 3.815 (0.340-
42.846)

0.278

histological grade 368        

G1 55 Reference      

G2 178 1.162 (0.686–
1.969)

0.576    

G3 123 1.185 (0.683–
2.057)

0.545    
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Characteristics Total(N) Univariate analysis Multivariate analysis

Hazard ratio
(95% CI)

P
value

Hazard ratio (95%
CI)

P
value

G4 12 1.681 (0.621–
4.549)

0.307    

Vascular invasion 317        

No 208 Reference      

Yes 109 1.344 (0.887–
2.035)

0.163    

Fibrosis ishak score 214        

0 75 Reference      

1/2 31 0.935 (0.437–
2.002)

0.864    

3/4 28 0.698 (0.288–
1.695)

0.428    

5/6 80 0.737 (0.410–
1.325)

0.308    

Adjacent hepatic tissue
in�ammation

236        

None 118 Reference      

Mild 101 1.204 (0.723–
2.007)

0.476    

Severe 17 1.144 (0.447–
2.930)

0.779    

AC008622 2 373 4.559 (2.065–
10.068)

< 
0.001

4.274 (1.885–
9.689)

< 
0.001

 
Relationships Between AC008622.2 levels and Immune Markers

Tumor in�ltration is associated with LIHC prognosis[10]. Therefore, we tested whether the transcription
levels of AC008622.2 in LIHC were correlated with immune in�ltration. ESTIMATE can reveal in�ltration
level of immune cells by conducting single-sample GSEA (ssGSEA) according to the established immune
signature, and low p-values correlate with high total in�ltrations. These biomarkers were used for immune
cell characterization, including B cells, T helper cells, macrophages, CD8 T cells, cytotoxic cells, NK cells,
neutrophils and DCs in LIHC. The results showed that AC008622.2 was very weakly negatively correlated
with counts of B cells, cytotoxic cells, NK cells, neutrophils, CD8 T cells, and DCs. AC008622.2
expressions were weakly associated with immune in�ltrations of B cells and macrophages (Fig. 6).
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Target Recognition Results

We obtained 46 potential target genes from the TCM database by analyzing 96 active ingredients in
Danzhi Xiaoyao Powder, and all the target names were corrected to the gene names of the targets. A total
of 1525 differentially expressed genes (DEGs) related to AC008622.2 were analysed using the DESeq2
program. These potential target genes and 1525 differentially expressed genes intersected, and 9
potential LIHC-related genes were identi�ed by the intersection of a Venn diagram. Cytoscape software
was used to develop a visualization network, which helped to understand the relationship between
lncRNAs, potential targets and Danzhi Xiaoyao Powder (Fig. 7).

Discussion
AC008622.2 has rarely been included in tumor related studies, especially in LIHC. Zhang et al. evaluated
the prognostic value and found that AC008622.2 was an independent prognostic predictor for LIHC(14).
Our �ndings con�rmed that AC008622.2 mRNA levels were markedly high in LIHC tissues, relative to
normal tissues. Elevated AC008622.2 mRNA levels were correlated with histological grade. In addition,
high AC008622.2 mRNA levels correlated with poor overall survival outcomes. Finally, AC008622.2 is an
independent prognostic factor for LIHC.

The AC008622.2 mRNA levels markedly correlated with poor overall survival, poor progress free interval
and poor disease speci�c survival. Histologicalal grade was highly associated with AC008622.2 mRNA
levels.

We evaluated the correlations between AC008622.2 levels and immune in�ltrations(15). AC008622.2
levels and B cells as well as macrophages were positively correlated in LIHC. This �nding reveals that
AC008622.2 might be a potential prognostic immune-related gene that can reduce the aggregation of
many immune cells, e.g., B cells and macrophages.

Network-based pharmacology is bene�cial in analyzing the “drug-component-target disease” interaction
network, since it can systematically identify the association between drugs and diseases and reveal the
advantages of multi-molecule drug synergy(16). Danzhi Xiaoyao Powder is a Chinese medicine for liver
soothing, spleen strengthening, qi regulation and reducing stagnation(17, 18). To date, no study has
examined the relationship between AC008622.2 and Danzhi Xiaoyao Powder. Network pharmacology is
bene�cial for assessing “drug-component-target disease” interaction network, as it can establish the
relationship between diseases and drugs as well as show the bene�ts of multimolecular drug synergy. In
our study, 9 potential LIHC related genes (AR, ADRA1B, CAMKV, HTR3A, MMP2, AKR1B10, PI3, ABCG2,
and ADRB2) of Danzhi Xiaoyao Powder were identi�ed by examing the intersection with the AC008622.2
visualization network that was constructed to show the relations between lncRNAs, target genes and
active ingredients.

Overall, the results demonstrate that AC008622.2 expression may serve as a diagnostic and prognostic
marker in LIHC and it might interact with Danzhi Xiaoyao Powder to provide novel methods for treatment
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of liver cancer. However, we conducted only bioinformatics analyses, our �ndings should be con�rmed in
clinical samples.

Conclusions
AC008622.2 mRNA levels are elevated in LIHC tissues, and they correlate with poor overall survival
outcomes for LIHC patients. Moreover, AC008622.2 mRNA levels were established to be an independent
prognostic factor for LIHC, making it a potential marker in the future.

Declarations
Funding

The authors declare that no funds, grants, or other support were received during the preparation of this
manuscript.

Competing Interests

The authors have no relevant �nancial or non-�nancial interests to disclose.

Author Contributions

All authors contributed to the study conception and design. Material preparation, data collection and
analysis were performed by Shengkai Wang, Jingjing Liu and Mengjie Gu. The �rst draft of the
manuscript was written by Shengkai Wang and all authors commented on previous versions of the
manuscript. All authors read and approved the �nal manuscript.

Data Availability

The datasets generated during and/or analysed during the current study are available from the
corresponding author on reasonable request.

Ethics approval

This is an observational study. The Hangzhou TCM Hospital Research Ethics Committee has con�rmed
that no ethical approval is required.

References
1. Temraz S, Nassar F, Kreidieh F, Mukherji D, Shamseddine A, Nasr R. Hepatocellular Carcinoma

Immunotherapy and the Potential In�uence of Gut Microbiome. International journal of molecular
sciences. 2021;22(15). https://doi.org/10.3390/ijms22157800

2. Dirican A, Karakas S. What Should Be the Rules for Downstaging for Hepatocellular Carcinoma?
Journal of gastrointestinal cancer. 2020;51(4):1148-51. https://doi.org/10.1007/s12029-020-00490-



Page 13/19

0

3. Karadag Soylu N. Update on Hepatocellular Carcinoma: a Brief Review from Pathologist Standpoint.
Journal of gastrointestinal cancer. 2020;51(4):1176-86. https://doi.org/10.1007/s12029-020-00499-
5

4. Ma L, Wang XW. Dissecting liver tumor heterogeneity to improve health equity. Trends in cancer.
2022. https://doi.org/10.1016/j.trecan.2021.12.001

5. Zelber-Sagi S, Noureddin M, Shibolet O. Lifestyle and Hepatocellular Carcinoma What Is the Evidence
and Prevention Recommendations. Cancers. 2021;14(1). https://doi.org/10.3390/cancers14010103

�. Zheng Q, Yu X, Zhang M, Zhang S, Guo W, He Y. Current Research Progress of the Role of LncRNA
LEF1-AS1 in a Variety of Tumors. Frontiers in cell and developmental biology. 2021;9:750084.
https://doi.org/10.3389/fcell.2021.750084

7. Chen Y, Shang H, Wang C, Zeng J, Zhang S, Wu B, et al. RNA-Seq Explores the Mechanism of Oxygen-
Boosted Sonodynamic Therapy Based on All-in-One Nanobubbles to Enhance Ferroptosis for the
Treatment of HCC. International journal of nanomedicine. 2022;17:105-23.
https://doi.org/10.2147/IJN.S343361

�. Wu ZH, Li ZW, Yang DL, Liu J. Development and Validation of a Pyroptosis-Related Long Non-coding
RNA Signature for Hepatocellular Carcinoma. Frontiers in cell and developmental biology.
2021;9:713925. https://doi.org/10.3389/fcell.2021.713925

9. Zhu X, Jing L, Chen C, Shao M, Fan Q, Diao J, et al. Danzhi Xiaoyao San ameliorates depressive-like
behavior by shifting toward serotonin via the downregulation of hippocampal indoleamine 2,3-
dioxygenase. Journal of ethnopharmacology. 2015;160:86-93.
https://doi.org/10.1016/j.jep.2014.11.031

10. Liu Y, Mao LH. Effect of danzhi xiaoyao pill on ovulation induction of polycystic ovarian syndrome
patients of pathogenic �re derived from stagnation of gan-qi. Zhongguo Zhong xi yi jie he za zhi
Zhongguo Zhongxiyi jiehe zazhi = Chinese journal of integrated traditional and Western medicine.
2013;33(9):1191-5.

11. Chen S, Hu J, Lu DC, Liu HY, Wei SS. Metabolomic characteristics of spontaneously hypertensive rats
under chronic stress and the treatment effect of Danzhi Xiaoyao Powder, a traditional Chinese
medicine formula. Journal of integrative medicine. 2022;20(1):73-82.
https://doi.org/10.1016/j.joim.2021.11.007

12. Wei J, Ma L, Liu W, Wang Y, Shen C, Zhao X, et al. Identi�cation of the molecular targets and
mechanisms of compound mylabris capsules for hepatocellular carcinoma treatment through
network pharmacology and bioinformatics analysis. Journal of ethnopharmacology.
2021;276:114174. https://doi.org/10.1016/j.jep.2021.114174

13. Love MI, Huber W, Anders S. Moderated estimation of fold change and dispersion for RNA-seq data
with DESeq2. Genome biology. 2014;15(12):550. https://doi.org/10.1186/s13059-014-0550-8

14. Wang Y, Wang Y, Di F, Di Z, Xi P, Wen Y, et al. Bioinformatic analysis of immune-related lncRNA based
on TCGA database in patients with prostate cancer. Xi bao yu fen zi mian yi xue za zhi = Chinese



Page 14/19

journal of cellular and molecular immunology. 2021;37(2):113-8.

15. Kim A, Wu X, Allende DS, Nagy LE. Gene Deconvolution Reveals Aberrant Liver Regeneration and
Immune Cell In�ltration in Alcohol-Associated Hepatitis. Hepatology. 2021;74(2):987-1002.
https://doi.org/10.1002/hep.31759

1�. Zhang S, Wong YT, Tang KY, Kwan HY, Su T. Chinese Medicinal Herbs Targeting the Gut-Liver Axis
and Adipose Tissue-Liver Axis for Non-Alcoholic Fatty Liver Disease Treatments: The Ancient
Wisdom and Modern Science. Frontiers in endocrinology. 2020;11:572729.
https://doi.org/10.3389/fendo.2020.572729

17. Ru J, Li P, Wang J, Zhou W, Li B, Huang C, et al. TCMSP: a database of systems pharmacology for
drug discovery from herbal medicines. Journal of cheminformatics. 2014;6:13.
https://doi.org/10.1186/1758-2946-6-13

1�. Wang Y, Yang H, Chen L, Jafari M, Tang J. Network-based modeling of herb combinations in
traditional Chinese medicine. Brie�ngs in bioinformatics. 2021;22(5).
https://doi.org/10.1093/bib/bbab106

Figures

Figure 1

AC008622.2 expression of LIHC patients in the TCGA database. (A) Unpaired samples (P<0.001). (B)
Paired samples (P<0.001).
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Figure 2

Relationship between AC008622.2 levels and clinic-pathologic features.

(A) Age (P>0.05), (B) gender (P>0.05), (C) T classi�cation (P>0.05), (D) histologicalal stage (P<0.001), (E)
pathological stage (P>0.05), and (F) distant metastasis (P>0.05).
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Figure 3

ROC curve for AC008622.2 mRNA levels in LIHC. (A) ROC curve for AC008622.2 mRNA levels in normal
and cancer tissues, (B-E) Subgroup analysis for stages I, II, III and IV.

Figure 4

Elevated AC008622.2 levels correlated with poor OS, PFI as well as DSS in LIHC patients.
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Figure 5

Overall survival analysis based on AC008622.2 mRNA expression. (A) G1/G3, (B) M0, (C) T1/T2, (D)
T1/T3, (E) S1/S3, (F) S2/S3.
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Figure 6

AC008622.2 expression showed a weak negative correlation with B cells, T helper cells, CD8 T cells,
cytotoxic cells, NK cells, neutrophils, macrophages, and DCs in�ltration levels. There were weak positive
correlations between AC008622.2 expressions and B cells (r = 0.185, P<0.05) as well as macrophages (r =
0.342, P<0.001).
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Figure 7

A. Intersection of the Venn diagram between 46 potential target genes and 1525 differentially expressed
genes related to AC008622.2. B. Visualization network of AC008622.2, 9 target genes and 96 active
ingredients. The circle node denotes active ingredients, blue triangle node denotes target genes, the
central gray oval node denotes AC008622.2, while the black line denotes the interaction relationship.


