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Abstract

Background The growth arrest and DNA damage-inducible gene gamma (GADD45G), an important member

of GADD45 family, has been connected to the development of certain human cancers. Our previous studies have
confirmed that GADD45G expression could be upregulated by 4-methoxydalbergione (4MOD) in liver cancer cells,
but its potential pathological role in hepatocellular carcinoma (HCC) has not been fully understood. This study aimed
to determine potential role of GADD45G in HCC, and the effects of 4-methoxydalbergione (4MOD) on the regulation
of GADD45G expression in vivo were also analyzed.

Methods Publicly available data and in-house immunohistochemistry (IHC) experiments were utilized to explore

the expression profiles and clinical significance of GADD45G in HCC samples. Functional enrichment analysis based
on GADD45G co-expression genes was used to excavate the molecular mechanism of GADD45G in HCC. We also con-
ducted in vivo experiment on BALB/c nude mice to excavate the inhibitory effect of 4MOD on HCC and to evaluate
the differences in the expression of GADD45G in xenograft tissues between the 4MOD-treated and untreated groups.

Results GADD45G displayed significant low expression in HCC tissues. Downregulated expression of GADD45G
was positively correlated with some high risk factors in HCC patients and predicted worse prognosis of HCC patients.
There was a close association of GADD45G mRNA expression and immune cells, including neutrophils, NK cells, CD8
T cells, and macrophages. Co-expressed genes of GADD45G were involved in several pathways including cell cycle,
carbon metabolism, and peroxisome. 4MOD could significantly suppress the growth of HCC in vivo, and this inhibi-
tory effect was dependent on the upregulation of GADD45G expression.

Conclusion GADD45G expression can be used as a new clinical biomarker for HCC and GADD45G may be a potential
target for the anti-cancer effect of 4MOD in liver cancer.
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Introduction

Primary liver cancer is one of the most common malig-
nancies in the world, ranking sixth among all cancers and
the third leading cause of cancer deaths [1]. Hepatocel-
lular carcinoma (HCC), the vast majority of primary liver
cancer cases, has a high incidence in several countries
[2]. Currently, multiple risk factors have been confirmed
to be associated with HCC, including chronic hepatitis B
virus (HBV) infection, chronic hepatitis C virus (HCV)
infection, aflatoxin, alcohol consumption, obesity, and
diabetes, but the pathogenesis of HCC is not yet under-
stood [3-7]. Although a variety of therapies, including
surgical resection, chemotherapy, immunotherapy, and
targeted therapy, have been widely used in HCC patients
treatment and proved to prolong their survival, the
5-year overall survival rate of HCC patients is still unsat-
isfactory [8, 9]. Hence, further exploration of the molec-
ular pathology and the identification of novel treatment
approaches for HCC treatment are warranted.

The development of HCC is an extremely complex
pathophysiological process, involving a series of abnor-
mal gene expressions caused by genetic and environ-
mental factors. Thanks to the rapid development of
high-throughput sequencing technology, a large num-
ber of public datasets such as gene expression omni-
bus (GEO) and the cancer genome atlas (TCGA) have
emerged, through which researchers can obtain a large
number of experimental research data, providing impor-
tant clues for the study of the pathogenesis, biomark-
ers, and drug targets of HCC. The growth arrest and
DNA damage-inducible gene gamma (GADD45G), also
known as GADD45y, is located on human chromosome
9q22.2 with a molecular weight of 17 kD, belonging to
one of the GADD45 family members [10]. Due to gene
promoter methylation, GADD45G is expressed at low
levels in many human tumors [11, 12]. GADD45G has
been shown to participate in cell cycle arrest, cell growth,
apoptosis, and DNA damage repair and play a critical role
in the carcinogenesis process [12—14]. In previous study,
we have confirmed that GADD45G is an effective target
of 4-methoxydalbergione (4MOD) in the anti-HCC pro-
cess, and the downregulation of GADD45G can reduce
the inhibitory effect of 4AMOD on HCC [15]. A few stud-
ies have also reported that GADD45G downregulated
expression can promote HCC progression and drug
resistance [16—18]. However, the expression levels, clini-
cal significance, and potential mechanism of GADD45G
in HCC have not been fully understood.

In recent years, traditional Chinese medicines have
been gradually proved by modern medical technology,
which have significant anti-cancer effects and have low
toxic and side effects [19-21]. 4-Methoxydalbergione
(4MOD), a new flavonoid isolated from the heartwood
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of Dalbergia sissoo Roxb, has been confirmed to elicit
remarkable anti-cancer effects on esophageal cancer,
bladder cancer, and glioma [22-24]. We have previously
reported that 4MOD may inhibit the growth of HCC
cells in vitro by promoting the expression of GADD45G.
However, the anti-HCC effect of 4MOD in vivo and its
complex molecular mechanism remain to be further
explored [15].

Herein, we analyzed the expression patterns and
prognostic value of GADD45G in HCC through immu-
nohistochemistry (IHC) and bioinformatics methods.
The potential pathological role of GADD45G in HCC
was also investigated by analyzing the correlation with
immune cells, by performing biological functions enrich-
ment of co-expressed genes with GADD45G. In addition,
the inhibitory effect of 4MOD on HCC was evaluated
in nude mice. Quantitative real-time polymerase chain
reaction (qQRT-PCR) and IHC were used to further inves-
tigate the expression changes of GADD45G in xenograft
tissues after 4MOD treatment.

Materials and methods
Cell culture and reagents
The human liver cancer cells SK-HEP-1 was obtained
from the Procell Life Science & Technology Co., Ltd
(Wuhan, China) and was authenticated through STR
genotyping. The cell lines were tested periodically for
mycoplasma contamination during the experiment and
were confirmed negative. Cells were maintained in Dul-
becco’s Modified Eagle Medium (DMEM, Gibco, CA,
USA) supplemented with 10% fetal bovine serum (FBS,
Gibco, CA, USA) and 1% penicillin—streptomycin solu-
tion (Beyotime, Shanghai, China).

4MOD was purchased from Shanghai Yuanye Biotech-
nology Co., Ltd. (Shanghai, China). In animal experi-
ments, 0.25% polyoxyl castor oil (Yuanye, Shanghai,
China) and 0.25% EtOH were used to dissolve 4AMOD. A
rabbit polyclonal antibody anti-GADD45G was obtained
from Bioss (Beijing, China).

HCC xenografts in nude mice

Twenty-four female BALB/c nude mice, aged 6 weeks,
18-20 g, were obtained from Hunan SJA Laboratory
Animal Co. Ltd. (Changsha, China). All nude mice were
placed at a temperature of 24 °C, 12 h light/12 h dark,
without any specific pathogen. SK-HEP-1 cells (1x 10’
cells/mouse) were subcutaneously injected into the right
armpit skin of each nude mouse. After 10 days of inocu-
lation, mice were randomly divided into control group,
4MOD low-dose group, and 4MOD high-dose group
when the tumors reached a diameter of 3-5 mm. Mice
in the low-dose and high-dose 4MOD treatment groups
were intraperitoneally injected with 10 mg/kg and 30 mg/
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kg of 4MOD every 3 days, respectively, while the mice in
control group received normal saline. The tumor volumes
were measured and calculated according to the formula:
tumor volume = (short diameters X short diameters X long
diameters)/2. At the end of experiment, the nude mice
were euthanized, the tumor weights were measured, and
the heart, spleen, liver, kidney, and lung of each mouse
were collected. One part of tumor tissues were imme-
diately preserved at—80 °C for qRT-PCR assay. The rest
of HCC xenograft tissues were fixed with 10% formal-
dehyde for IHC experiment. Animal experiments in this
study were approved by the Animal Ethics Committee
of Hunan Academy of Traditional Chinese Medicine
(2022-0025) and in accordance with the relevant ethical
regulations.

qRT-PCR
Total RNA in transplanted tumor tissues was extracted
using RNAeasy Animal RNA Isolation Kit (Beyotime,
Shanghai, China). The purity and concentration of total
RNA were measured by NanoDrop 2000 (Thermo Scien-
tific, USA). SureScriptTM First-Strand cDNA Synthesis
Kit (GeneCopoeia, Beijing, China) was used to reverse
transcribe ¢cDNA from 1 pg of extracted total RNA
according to manufacturer’s instructions. SYBR Green
Fast qPCR Kit (ABclona, Wuhan, China) was used in this
study for performing qRT-PCR process with the LightCy-
cler® 480 (Roche) system. The forward primer sequence
of GADD45G was 5 -CTACGAGTCCGCCAAAGT
CC-3’ (Gensys Biotech, Nanning, China), and the reverse
primer sequence was 5 -TTCTCACAGCAGAACGCC
TG-3’ (Gensys Biotech, Nanning, China). The forward
primer sequence of GAPDH was 5’ -GGTTGTCTCCTG
CGACTTCA-3’ (Sangon Biotech, Shanghai, China), and
the reverse primer sequence was 5 -TGGTCCAGGGTT
TCTTACTCC-3" (Sangon Biotech, Shanghai, China).
Relative expression of GADD45G mRNA in control and
4MOD-treated HCC xenograft tissues were calculated by
the 2-AACt method.

IHC

Seventy-six HCC and 60 paracancerous tissues were
collected from the First Affiliated Hospital of Guangxi
Medical University between 1 April 2019 and 1 May
2021. 4MOD-treated and 4MOD-untreated tumor tis-
sues were obtained from the aforementioned HCC nude
mouse xenografts. The primary antibody used in IHC
assay was a rabbit polyclonal antibody anti-GADD45G
(1:200 dilution, Bioss, Beijing, China). The secondary
antibody kit (PK1006, Proteintech, Wuhan, China) was
purchased from Wuhan Sanying Biotechnology. After
formalin fixation and paraffin embedding, all tissues
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were cut into 4-um sections, and then deparaffinized
and rehydrated. Pressure cooking with Tris—EDTA
buffer (PH 9.0) for 5 min was used for antigen retrieval,
and then the sections were blocked with 3% H,O, and
10% normal goat serum. After blocking, tissue sections
were incubated with GADD45G antibody overnight at
4 °C, washed with phosphate-buffered saline (PBS), and
incubated with secondary antibody at room tempera-
ture for 1 h. IHC staining score in this study were cal-
culated using a semi-quantitative approach described
in detail in previously reference [25].

Differential expression analysis of GADD45G mRNA

RNA sequencing (RNA-seq) data for 374 liver hepato-
cellular carcinoma (LIHC) and 50 normal liver tissues
were downloaded from TCGA database (https://por-
tal.gdc.cancer.gov), and all the data were log2 trans-
formed by R software. As the RNA-seq data of normal
liver tissues in the TCGA database were relatively rare,
we obtained additional transcriptome data of 110 nor-
mal liver tissues from the genotype-tissue expression
project (GTEx) database to compare the GADD45G
mRNA between HCC and normal liver tissues. Micro-
array data of GADD45G mRNA expression in human
HCC and non-HCC samples were collected from the
GEO  (http://www.ncbi.nlm.nih.gov/geo/) database.
The search terms in the present study were as follows:
(hepatocellular OR HCC OR hepatic OR liver) AND
(tumour OR tumor OR carcinoma OR cancer OR neop-
las* OR malignan*). The inclusion criteria and exclusion
criteria for GEO database in this study can be refer-
enced in our previous work [26]. All microarrays were
normalized in R software using the “limma” package
to correct heterogeneity between HCC and non-HCC
cases. Scatter plots of expression levels of GADD45G
mRNA in HCC and normal liver tissues were drawn
using R software “ggplot2” package. Standardized mean
differences (SMD) were calculated in Statal2.0 soft-
ware and a meta-analysis of GADD45G mRNA expres-
sion data was performed using random effect models.
Finally, we used the Begg funnel plot in Statal2.0 to
test publication bias. A p value>0.05 was considered
no publication bias. Next, we plotted the summarized
receiver’s operating characteristics (SROC) curve based
on the expression values of GADD45G and calculated
the AUC of the SROC curve using Statal2.0 software.
The AUC value of the SROC curve was used to evaluate
the ability of GADD45G mRNA to distinguish between
HCC and non-HCC tissues. An AUC value of 0.5-0.7
indicated poor distinguish ability, an AUC value of 0.7—
0.9 indicated moderate distinguish ability, and an AUC
value of > 0.9 indicated good distinguish ability.
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Prognostic value analysis of GADD45G mRNA in HCC based
on TCGA data

Clinicopathological parameters and survival data of 374
HCC patients were collected from TCGA. The asso-
ciation of GADD45G mRNA expression and various
clinicopathological parameters was analyzed through
SPSS26.0 software. R software “survminer” and “sur-
vival” package were used for survival analysis and
Kaplan—Meier (KM) survival curve drawing. Differ-
ences in overall survival (OS), disease specific survival
(DSS), and progress free interval (PFI) between high
GADD45G group and low GADD45G group were com-
pared using log-rank test.

Relationship between GADD45G expression

and infiltration levels of immune cells in HCC

The association between expression of GADD45G
mRNA and immune cell markers was characterized in
HCC. These immune cell markers include 24 kinds of
cells, such as CD8 T cells, dendritic cells (DC), acti-
vated dendritic cells (aDC), B cells, cytotoxic cells,
macrophages, eosinophils, immature DC (iDC), mast
cells, CD56bright NK cells, neutrophils, CD56dim NK
cells, plasmacytoid DC (pDC), NK cells, T cells, T cen-
tral memory cells (Tcm), T helper cells, T follicular
helper cells (TFH), T effector memory cells (Tem), Th1
cells, T gamma delta cells (Tgd), Th2 cells, T regulatory
cells (TReg), and Th17 cells [27]. The tumor immune
cell infiltration levels were calculated using the single-
sample GSEA (ssGSEA) method of R “GSVA” pack-
age. Spearman’s correlation was conducted between
GADD45G and the immune cell infiltration level, and
the analysis results were visualized using “ggplot2”
package. p value<0.05 was regarded as statistically
significant.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes

and Genomes (KEGG) enrichment analysis

Co-expressed genes of GADD45G were obtained from
cBioPortal database (http://www.cbioportal.org/index.do).
Spearman’s correlation>0.3 or < —0.3 were the screening
conditions for co-expressed genes. Then, GO and KEGG
analysis of co-expressed genes were conducted using “clus-
terProfiler” package of R software.

Statistical analysis

SPSS v.26 software was used for statistical analysis, and
R software packages v3.6.1, Stata v.12.0, and Graph-
Pad Prism v.8.0 were used for results visualization. The
t-test was used to compare the two group data with
normal distribution. Multi-group data with normal
distribution were compared using one-way ANNOVA.
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The Kruskal-Wallis test was used for data with non-
normal distribution. A p value<0.05 was considered
statistically significant.

Results

GADD45G mRNA is lowly expressed in HCC tissues

In the present study, the TCGA-GTEx RNA-seq dataset
and 33 microarray datasets included 2593 HCC samples
and 1875 non-HCC samples were enrolled in GADD45G
mRNA differential expression analysis. Scatter plots
of GADD45G mRNA expression in each dataset were
shown in Figs. 1 and 2. It could be seen from scatter plots
that GADD45G was lowly expressed in TCGA-GTEx
and most microarray datasets. The forest map generated
through merging GADD45G expression data in HCC
and non-cancer liver samples from RNA-seq dataset and
microarray datasets also confirmed the significant low
expression of GADD45G mRNA in HCC (SMD, —0.78;
95% CI,—1.03 to—0.54; p=0.000) (Fig. 3A). Begg’s test
showed that there was no publication bias in this study
(p=0.331) (Fig. 3B).

To further evaluate the discriminatory ability of
GADD45G mRNA expression in HCC samples, we cal-
culated AUC value of SROC curves of all included data-
sets to assess this discriminatory ability. It was found that
the AUC value was 0.80 (95% CI=0.76—-0.83), suggesting
that GADD45G mRNA had a moderate ability to distin-
guish liver cancer from normal liver tissues (Fig. 3C).

Low expression of GADD45G mRNA indicates unfavorable
prognosis in HCC patients
Through statistical relationship analysis between
GADD45G and various clinicopathological parameters
based on TCGA database, we found that GADD45G
mRNA expression levels were significantly correlated
with HCC patients’ gender, T stage, serum AFP level,
and pathologic stage. Female HCC patients had lower
GADD45G mRNA expression levels than male HCC
patients (p <0.05) (Fig. 4A). The expression of GADD45G
mRNA in HCC patients with T3 and T4 stage was lower
than that in T1 and T2 stage (p<0.01) (Fig. 4B). HCC
patients with high serum AFP level had significantly
lower GADD45G mRNA expression than those with low
serum AFP level (p<0.001) (Fig. 4C). The GADD45G
mRNA expression in patients with pathologic stage III
and IV was lower than that in stage I and II (p<0.01)
(Fig. 4D). However, associations could not be found
between GADD45G mRNA expression and other clin-
icopathological parameters, including age and histologic
grade (Fig. 4E-F).

The differences in OS, DSS, and PFI between the
GADD45G high-expression groups and the low-expres-
sion groups were compared with log-rank test. We
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Fig. 1 Scatter plots of GADD45G mRNA expression in HCC tissues and normal liver tissues

found that HCC patients with high GADD45G expres-
sion had longer overall survival time than those with
low expression of GADD45G (p<0.05) (Fig. 4G). Dis-
ease-specific survival analysis showed that patients with
high GADD45G expression had better disease-specific
survival time than those with low expression (p<0.01)
(Fig. 4H). However, the expression of GADD45G was not

correlated with HCC patients’ progression-free interval
survival time (p >0.05) (Fig. 41).

GADDA45G protein is lowly expressed in HCC tissues based
on in-house IHC

The results of IHC assay showed the negative staining of
GADD45G in HCC samples and the positive cytoplasm
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Fig. 2 Scatter plots of GADD45G mRNA expression in HCC tissues and normal liver tissues

staining of GADD45G in non-HCC samples (Fig. 5A,
B). To further quantify the IHC results, statistical differ-
ences were calculated between IHC scores in HCC and
non-HCC tissues, showing that GADD45G protein was
downregulated expression in HCC tissues (p<0.001)
(Fig. 5C). Furthermore, the relationship between
GADD45G protein expression and various clinicopatho-
logical parameters, such as age, gender, TNM stage, and
histological stage of HCC patients, were performed. The
results revealed that there was significant difference in
GADD45G protein expression related to age. The expres-
sion level of GADD45G protein in patients younger than
50 years (<50 years) was lower than that in patients older
than 50 years (>50 years) (Fig. 5D). However, no signifi-
cant differences were found in present study between

GADD45G protein expression and gender, TNM stage,
and histological stage (Table S1).

Relationship between GADD45G expression

and infiltration levels of immune cells in HCC

Immune cell infiltration is closely associated with tumor
progression. Thus, we analyzed correlations between
GADD45G mRNA expression and 24 kinds of immune
cell markers in HCC. We found that the expression of
GADD45G was positively correlated with Th17 cells,
neutrophils, CD8 T cells, pDC, Tgd, cytotoxic cells,
eosinophils, DC, and NK cells, while negatively cor-
related with NK CD56bright cells, macrophages, Tem,
TFH, T helper cells, and Th2 cells (Fig. 6A).
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distinguishes liver cancer from normal liver tissues

Potential molecular mechanisms analysis of GADD45G

in HCC

In order to further explore the molecular mechanisms of
GADD45G in liver cancer, we performed GO and KEGG
functional enrichment analysis of 2336 co-expressed
genes of GADD45G identified from cBioPortal database.
Results of GO “biological process (BP)” category analy-
sis revealed that GADD45G co-expression genes in HCC
were significantly aggregated in organelle fission, small
molecular catabolic process, and chromosome segre-
gation (Fig. 6B and Table S2). Results of GO “molecular
function (MF)” category analysis showed that GADD45G
co-expressed genes in HCC were mainly participated in
ATP hydrolysis activity, acting on DNA and helicase activ-
ity and catalytic activity (Fig. 6C and Table S3). Further-
more, GO “cellular component (CC)” category analysis
results showed that co-expressed genes of GADD45G in
HCC were mainly involved in chromosomal region, mito-
chondrial matrix, and spindle (Fig. 6D and Table S4). The
results of KEGG analysis showed that co-expressed genes

of GADD45G were mainly enriched in cell cycle, carbon
metabolism, and peroxisome (Fig. 6E and Table S5).

4MOD inhibits the growth of liver cancer in vivo

by promoting the expression of GADD45G

To ascertain the anti-HCC effects of 4MOD in vivo,
HCC cells (SK-HEP-1) were injected subcutaneously
to establish subcutaneous liver cancer xenograft nude
mice model. Based on the measured tumor volumes,
we found that tumor volumes in high-dose groups were
significantly smaller than those in the control group
(Fig. 7A-B and Table 1). However, no significant dif-
ference was found in tumor volumes between control
groups and low-dose groups (Fig. 7A-B and Table 1).
Compared with the control group, the tumor weight
in each 4MOD treatment groups was significantly
reduced (Fig. 7C). To further evaluate the toxic effects
of 4MOD on the normal organs of mice, HE staining
was performed on the major organs of mice, and the
results showed that 4MOD showed no obvious toxicity
to normal tissues of mice (Fig. S1).
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To reveal the molecular mechanism of 4MOD against
HCC in vivo, we performed qRT-PCR and IHC assays
to examine GADD45G expression in xenograft tumors.
We found that GADD45G expression level was signifi-
cantly increased in the 4MOD-treated mice (Fig. 7D—
G). These results indicated that 4MOD suppressed the
growth of HCC in vivo via promoting the expression of
GADD45G.

Discussion

The GADD45 family genes contain three members
GADD45A, B, and G, encoding GADD45a, B, and y
proteins, respectively [10, 28, 29]. The GADD45 genes
play an important role in cytotoxic and non-toxic stress
responses, acting as stress sensor. When DNA damage,
all members of the GADD45 protein family will be rap-
idly induced and actively participate in the DNA repair
mechanism, inducing cell cycle arrest and apoptosis.
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Studies have indicated that GADD45G can lead to cell
cycle arrest, promote cell growth, inhibit cell apopto-
sis, regulate DNA damage repair, and participate in the
occurrence and development of tumors [10]. It has been
confirmed that GADD45G is abnormally expressed
in various malignant tumors, such as esophageal can-
cer, breast cancer, and acute myeloid leukemia [30-32].
Downregulation of GADD45G expression could enhance
tumor proliferation and metastasis [11, 13]. In recent
years, a number of studies have tried to clarify the rela-
tionship between GADD45G and liver cancer. A previous
study reported that GADD45G mRNA expression was

downregulated in liver cancer and could induce cell cycle
G2/M phase arrest, thus playing a significant role in cell
growth [13]. In HCC cells, downregulation of GADD45G
expression could inhibit cellular senescence by activating
JAK-STAT?3 signaling pathway [16]. However, the specific
role of GADD45G in liver cancer remains unclear.

In present study, we used microarrays and RNA-seq
data to confirm that the expression level of GADD45G
in HCC samples was significantly downregulated. A low
expression level of GADD45G protein was further vali-
dated based on IHC staining. Our study was in line with
the concept of evidence-based medicine and was the first
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to study the expression of GADD45G in HCC based on
multi-platform datasets. In addition, SROC curve analy-
sis showed that GADD45G had moderate ability to dis-
tinguish HCC from normal liver tissues, suggesting that

GADD45G may be an important molecular marker for
HCC diagnosis.

Clinicopathological parameters and survival data of
HCC patients were obtained from the TCGA database
to explore the prognostic value of GADD45G expression.
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Table 1 Changes of tumor volume in nude mice in each group

Group Tumor volume (mm?3) (X+SD)
Pre-treatment Post-treatment

Control 53.1+£223 24214526

Low concentration of 4MOD 542+218° 188.9+58.6°

How concentration of 4MOD 53.8+14.0° 1744+43.19

ab p>0.05 vs. control group
€p=0.077 vs. control group

d p=0.013 vs. control group

Compared with male HCC patients, the expression
level of GADD45G was lower in female patients. Low
GADD45G expression was related to high tumor T stage,
high pathologic stage, and high AFP levels in patients
with HCC. Low expression level of GADD45G predicted
shorter OS and poor DSS. These findings suggested that
GADD45G may be a valuable biomarker for predicting
prognosis of HCC patients, identifying high-risk patients.

Because tumor microenvironment contributes to the
malignant progression of human cancers, we performed
correlation analysis between GADD45G and multiple
immune cells infiltration in HCC. The results showed
that the expression of GADD45G was associated with a
variety of immune cells infiltration, from which we con-
jectured that the abnormal expression of GADD45G in
HCC may affect immune cells, such as memory Th17
cells, neutrophils, CD8 T cells, cytotoxic cells, and NK
cells. Through enrichment analysis of GADD45G co-
expressed genes, various biological processes and path-
ways of GADD45G involved in HCC occurrence were
screened out. We found that GADD45G was associated
with various cancer-related pathways including cell
cycle, carbon metabolism, and peroxisome, which was
consistent with previous studies [10, 33].

In light of its critical role in the pathogenesis of liver
cancer, GADD45G may be a valuable target for anti-
cancer drugs. Natural products have received increasing
attention in the treatment of malignant cancer patients
due to their advantages of low side effects and wide
range of biological activities. 4MOD belongs to a new
flavonoid monomer with anti-inflammatory, anti-aller-
gic, and anti-tumor activities [23, 34]. Park et al. demon-
strated that 4MOD inhibited osteosarcoma cell growth
and promoted cell apoptosis via inhibiting the activation
of JAK2/STAT3 pathway [35]. Li et al. also confirmed
that 4AMOD could inhibit the growth of astroglioma cells
U87 through in vivo and in vitro experiments [23]. In
our previously study, we conducted in vitro experiment
and showed that 4MOD had significant inhibitory effects
on HCC cells by regulating GADD45G expression [15].
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However, the anti-liver cancer effects and mechanism of
4MOD in vivo required further investigation.

In this study, xenograft nude mouse model was used
to ascertain the suppression effects of 4AMOD on HCC
in vivo. The results demonstrated that 4MOD signifi-
cantly inhibited liver cancer growth and showed no
obviously cytotoxic effect on normal cells. To ascer-
tain whether the anti-HCC effects of 4MOD treatment
in vivo were associated with GADD45G upregulated
expression, we used qRT-PCR and IHC assays to com-
pare GADD45G mRNA and protein expression in xen-
ograft tissues with or without 4MOD treatment. As
expected, the 4MOD treatment increased the expres-
sion of GADD45G at both protein and mRNA levels.

Several limitations of this study were also identi-
fied. Firstly, the associations between GADD45 mRNA
expression and clinicopathological parameters, as well
as with survival data, were limited in GEO database. Sec-
ondly, the sample size for IHC verification of GADD45G
protein expression in HCC and non-HCC tissues was
small, and future studies with more HCC samples are
needed to ensure the reliability of results. Thirdly, further
experiments are also needed to explore the exact rela-
tionship between GADD45G and 4MOD. Eventually, the
exact function and molecular mechanism of GADD45G
in liver cancer require further exploration.

Conclusions

To sum up, this study indicates that GADD45G acts as
a tumor suppressor gene in HCC. GADD45G is down-
regulated in HCC and predicts poor prognosis of HCC
patients, suggesting that it may be a valuable biomarker
for diagnosis, prognosis, and treatment of HCC patients.
Moreover, this study confirms that 4MOD inhibits the
growth of liver cancer in vivo through upregulating
GADD45G, which increases our understanding of the
anti-tumor effect and mechanism of 4MOD in HCC.
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