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Integrative multi-platform meta-analysis of
hepatocellular carcinoma gene expression
profiles for identifying prognostic and
diagnostic biomarkers
Hepatocellular carcinoma (HCC), as one of the most com-
mon types of primary liver cancer (PLV), accounts for
approximately 75%e90% of all PLV cases identified
worldwide.1 Currently, the most effective treatment for
HCC patients constitutes liver transplantation. However,
due to high rates of recurrence a poor prognosis is
predicted.2 Therefore, accurate HCC biomarkers are ur-
gently needed to develop innovative therapeutics. Most of
earlier investigations to identify biomarkers have been
severely limited by sample size, as those studies used only
data sets generated on the same chip platform. Considering
the decisive role of sample size, we aimed to identify and
validate diagnosis and prognosis biomarkers associated with
HCC based on the expression data of seven transcriptome
microarray gene expression (MAGE) datasets from two
different platforms, namely Illumina and Affymetrix. To
discover differentially expressed genes (DEGs), a meta-
analysis based on an empirical Bayesian approach (ComBat)
was first applied to the gene expression profiles of 939
tissue samples (Table S1). Irigoyen et al3 technique was
used to preprocess and integrate the data. Data import,
data filtering, and normalization for each experiment were
carried out separately (Text S1.1). Then, using the bioin-
formatics technique of weighted correlation network
analysis (WGCNA), the highly associated prioritized DEGs
(Text S1.2, S1.3) were clustered. To identify sub-clusters
and confirm candidate genes, co-expression networks and
topological analysis were applied (Text S1.4). Finally, for
these genes, the least absolute shrinkage and selection
operator (LASSO) regression model was used and validated
to provide a diagnostic model (Text S1.5). To construct a
prognostic model, the Cox proportional hazard regression
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analysis was applied and validated (Text S1.6). All statisti-
cal tests were two-sided (Text S1.7) and the results with an
adjusted p-value � 0.05 were considered statistically sig-
nificant (Text S1.8). The flowchart diagram is presented in
Figure 1A. The comparative boxplots and PCA plots in Fig.
S1AeD, confirm the efficacy of the ComBat for batch effect
removal. From the meta-analysis, 292 genes were identified
as DEGs, satisfying the criteria of the absolute value of
log2-fold change (logFC) > 1 and false discovery rate
(FDR) < 0.05 (Table S2). Moreover, to assess bias and
reproducibility across microarray experiments, we modified
a comparison of individual analyses using data from two
platforms and a meta-analysis (Table S3, S4). The result of
integrative meta-analysis after prioritization showed 239
common DEGs (Text S2.1 and Table S5). We found possible
relationships between the expression profiles of 239 mutual
DEGs using Pearson’s correlation coefficients (PCCs). The
hierarchical cluster tree and topological overlapping matrix
were used to screen out cluster modules. DEGs were
divided into four parts, of which blue, red, and turquoise
modules were considered the most significant parts
(Fig. 1B, a). Through the application of the molecular
complex detection (MCODE) plug-in, the sub-clusters of
differential co-expression module (DCEM) were found and
visualized (Fig. 1B, b).

The 20 genes from sub-clusters were served as key genes
for diagnosis and prognosis analysis.

Biological process and pathway enrichment analysis
showed that the modules primarily focused on cellular
processes, metabolic processes and biological regulation in
the p53 pathway (Text S2.2). To more deeply validate re-
sults, the top five hub genes (CDK4, CCNB1, IGF1, SOCS2,
behalf of KeAi Communications Co., Ltd. This is an open access
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Figure 1 Methodological approach and results. (A) The flowchart diagram outlined the procedure step-by-step of the whole
integrated meta-analysis to screen specific HCC biomarkers by integrating multi-platform MAGE datasets. (B) The WGCNA analysis
to identify differentially expressed co-expression modules: (a) The result of hierarchical clustering is represented via a Gene
Cluster Dendrogram. In the dendrogram, each line represents a gene. The colored column below represents the module conducted
by the static tree cutting method. The turquoise, blue and red colors show DCEM; (b) Visualization of 20 key genes from sub-
clusters DCEM (turquoise, blue and red module) and their sub-network topology. (C) Construction of risk model for diagnosis of
hepatocellular carcinoma and receiver operating characteristic (ROC) curve: (a) Distribution of risk scores of healthy and tumor
group of the training set; (b) ROC curve of a risk score for the training set (Area under the ROC Curve or AUC Z 0.952); (c) the
distribution of risk scores of healthy and tumor group of the validation set; (d) ROC curve of risk score of validation set
(AUC Z 0.941). (D) KaplaneMeier curves of HCC patients of three-gene prognostic models. Patients were divided into 3 groups, and
the lower third of the patients was defined as having low mRNA expression, while the upper third had high mRNA expression: (a)
KaplaneMeier curves of HCC patients based on MAGEA6; (b) KaplaneMeier curves of HCC patients based on SOCS2; (c)

KaplaneMeier curves of HCC patients based on RTN3.
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and AFP) according to the highest score in topological
features were presented (Table S6).

We set AUC > 0.90 as the cut-off value to get the
simplified diagnostic risk model with a minimum quantity of
gene count. A three-gene diagnostic risk model was built:
�0.3034*Exp(CYP2E1) þ 0.3526*Exp(AKR1C3) þ 0.4645*Exp(AFP).
(Text S2.3, Fig. 1C: a-d). Recently reported application of
AFP as a biomarker for early diagnosis of HCC has been
limited because of the high false-positive rate and its low
sensitivity (55%). Furthermore, its overexpression is
detected in other liver abnormalities and other tumors.
Consequently, the specificity of this biomarker is not too
high (87%).4 CYP2E1 is an enzyme important in ethanol
metabolism, and our results show its increased activity in
HCC. AKR1C3 may play a role in controlling cell growth and/
or differentiation. Zhu et al5 indicated that AKR1C3 might
participate in MAPK/ERK and androgen receptor signaling
pathways. The formula for the prognostic risk scores used in
this study was as follows: �0.1652*Exp(SOCS2) - 0.1284*
Exp(MAGEA6) e 0.1992* Exp(RDH16) þ 0.1897* Exp(RTN3). To
study the relationships between gene biomarkers and sur-
vival outcome, we used KaplaneMeier survival analysis. The
lower thirds of the sorted mRNA expression values were
defined as low expression, and the upper thirds were set as
the cutoff point for high expression. Thus, all patients were
divided into three groups based on the expression value.
The differences among the survival curves of the low,
middle, and high MAGEA6 (Fig. 1D, a), SOCS2 (Fig. 1D, b),
and RTN3 (Fig. 1D, c) expression groups were statistically
significant. We demonstrated that SOCS2 and RDH16 ex-
pressions were significantly downregulated in HCC, and
MAGEA6 and RTN3 were significantly upregulated as
compared with normal liver tissues. High expression of
RDH16 in HCC cells might suppress cell growth, clonoge-
nicity, and cell motility, which can be associated with
increased level of retinoic acid, which has been widely
evidenced to inhibit tumor development and progression.
RTN3 facilitates p53 Ser392 phosphorylation via Chk2 (RTN3
adsorbs Chk2 to the endoplasmic reticulum and enhances
its activation) and can promote subsequent nuclear trans-
location of p53. Thus, RTN3 can restrain HCC growth and
induce apoptosis by activating p53, hence it could be a
potential prognosis biomarker for HCC.

In summary, robust DEGs were identified using our
integrative two-platform meta-analysis method, which may
play an important role in the HCC biological process. In
addition, we supply two gene-based models involved in the
diagnosis and prognosis, which may provide new insights
into clinical treatment decision-making. However, it ap-
pears necessary to emphasize that this approach is still
being carefully reworked for future research and that
additional experimental trials are required to label these
biomarkers.
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