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Abstract

At present, although there are tumor markers for hepatocellular carcinoma (HCC), markers with better predictive efficiency
are needed. SAA4 gene expression in liver tumor and paracancerous tissues was analyzed using The Cancer Genome Atlas
database. The differentially expressed genes (DEGs) were analyzed and visualized by heatmap and volcano plot. Survival
analysis was performed based on SAA4 expression. SAA4 expression was compared in patients grouped based on clinico-
pathological features, and gene set enrichment analysis (GSEA) was conducted. Immunohistochemical staining was used
to verify the SAA4 protein staining intensity from The Human Protein Atlas database and our center’s samples. The diag-
nostic value of SAA4 for HCC was evaluated by receiver operating characteristic curves. SAA4 was expressed at low levels
in HCC tissues, and low SAA4 expression was associated with a poor prognosis in HCC. In addition, SAA4 expression
decreased with HCC progression. There were 188 upregulated DEGs and 1551 downregulated DEGs between the high and
low SAA4 expression groups. Complement and coagulation cascades, fatty acid metabolism, and ECM receptor interaction
were significantly enriched in the GSEA. SAA4 had good predictive efficacy for HCC and even early HCC and was superior
to AFP. In general, low SAA4 expression was associated with advanced HCC stage and a poor prognosis. In addition, SAA4
may be helpful for the diagnosis of early HCC and may become a novel tumor marker with good predictive power for HCC.
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Introduction

Primary liver cancer (LC) is one of the most common malig-
nant tumors in the world, with the sixth highest incidence and
third highest mortality rate [1]. Primary LC is the fourth most
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common malignancy in China, with a mortality rate second
only to that of lung cancer, partly due to chronic infection with
hepatitis B virus (HBV) [2]. The vast majority of LC cases are
hepatocellular carcinoma (HCC). In recent years, the mortal-
ity rate of HCC has increased by approximately 2% annually,
which is closely related to the fact that HCC is usually diag-
nosed at an advanced stage and there are no effective strategies
for advanced HCC [3]. Hence, early screening or diagnosis of
HCC is crucial for improving prognosis.

Currently, serological alpha-fetoprotein (AFP) detection
and ultrasonography (US) examination are the main means
for early HCC monitoring [4, 5]. Nevertheless, the ability of
ultrasound and AFP to screen for early-onset HCC remains
unsatisfactory [6, 7]. With the development of imaging tech-
nology, including magnetic resonance imaging (MRI) and
computed tomography (CT), the sensitivity and specificity
of the diagnosis of early HCC have been improved [8-10].
However, due to the characteristics of high cost and radiation,
MRI and CT are not suitable for the early screening of HCC.
Therefore, it is necessary to explore novel biomarkers with
high sensitivity and specificity for the early detection of HCC.

The serum amyloid A protein (SAA) family consists of
acute phase SAA (A-SAA), including SAA1 and SAA2,
SAA3, and constitutive SAA (C-SAA), also known as
SAA4 [11-13]. A-SAA is designated acute phase SAA,
which is significantly elevated during the acute response
phase. SAA3, a pseudogene, is expressed in mice but not
humans [12]. In addition, constitutive SAA4 is synthesized
mainly in the liver, accounting for approximately 90% of the
total SAA proteins in homeostasis [14]. SAA proteins have
long been recognized as highly sensitive biomarkers asso-
ciated with inflammation [15-17]. Studies have shown that
inflammation is closely related to cancer progression, and
cancer-related inflammation is primarily related to the local
immune response at the tumor site, which usually precedes
tumor development and promotes tumor progression [18].
However, it is unclear whether SAA4 plays a critical role in
the progression of tumor such as HCC.

In this study, the differential expression of SAA4 in
liver tumor and paracancerous tissues and the relationship
between SAA4 expression and HCC stage and prognosis
were investigated. In addition, the predictive value of SAA4
for HCC and even early-onset HCC was also discussed and
verified.

Materials and methods

Collection of information on HCC patients
from the TCGA database

The gene transcriptome expression and clinical profiles
of 375 HCC patients were downloaded from the TCGA
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database (https://portal.gdc.cancer.gov/). In addition,
the expression of SAA4 in HCC was also extracted and
analyzed.

Survival analysis based on the expression of SAA4
in HCC

The Kaplan—Meier survival curves were plotted accord-
ing to the expression of SAA4 based on the data from the
TCGA database and Kaplan—Meier (K—M) plotter database.
Furthermore, the survival times of HCC patients were also
compared according to log-rank test.

Differential expression analysis
of SAA4 and correlation between SAA4
and clinicopathological variables

The Mann—Whitney test and Wilcoxon paired test were con-
ducted to compare the expression of SAA4 between tumor
and normal tissues from the TCGA database. The Mann—
Whitney test and Kruskal—Wallis test were also applied to
compare the expression of SAA4 in the different groups of
clinicopathological variables.

DEG analysis, volcano plot and heatmap

The DEGs between the high- and low- expression group
of SAA4 were screened with the thresholds of [logFCI> 1
and FDR < 0.05 and visualized by volcano plot. In addition,
the heatmap was employed to illustrate the DEGs using the
“pheatmaps” R packages.

Gene set enrichment analysis (GSEA)

Kyoto Encyclopedia of Genes and Genomes (KEGG) and
Gene Ontology (GO) gene sets database were downloaded
from Signature Database (MsigDB, http://software.broad
institute.org/gsea/downloads.jsp). GSEA was conducted by
using the “clusterProfiler” package in R, and gene sets with
[ESI> 0.5 and p value < 0.05 were identified.

The receiver operating characteristic (ROC) curves

ROC curve analysis is an effective method to evaluate the
performance of diagnostic tests. The area under the ROC
curve was calculated and applied to investigate and compare
the predictive efficacy of SAA4 and AFP in HCC.

Immunohistochemical (IHC) staining
To investigate the differential expression of SAA4 between

HCC and paired paracancerous tissues, the staining density
difference was compared by the IHC staining results from
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The Human Protein Atlas (THPA, http://www.proteinatlas.
org/). To further confirm this, a total of 40 pairs of tumor
and paracancerous tissues were harvested from patients with
HCC who underwent radical hepatectomy and were stored
in the Biological Sample Resource Sharing Center. This
study was approved by the Ethics Committee of Tianjin First
Center Hospital (STEC-TFCH-2023-HM-2).

The tumor and paracancerous tissues embedded in for-
malin were cut into 5-pm slices for IHC staining. Briefly,
the slices were dewaxed using a one-step dewaxing solution
(Elabscience, E-CK-A032, Wuhan, China). Dewaxed slices
were next subjected to antigen retrieval using sodium citrate
solution (Solaribio, C1032, Beijing, China) in a microwave.
After that, endogenous peroxidase was removed with 3%
H,0, and antigen blocking was performed with goat serum.
Anti-human SAA4 antibody (Abcam, ab92540, 1:50, US)
was added dropwise and incubated overnight at 4°C, and
then, secondary antibody staining and DAB chromogenic
reaction were performed (ZSGB-BIO, PV-9000, Beijing,
China). Finally, images were analyzed using Image-Pro
Plus, and the expression of SAA4 was quantified using the
10D index.

Statistical analysis

R software (version 4.2.0) and GraphPad Prism 8 were used
to perform statistical analysis and data visualization. The
Chi-square test and Fisher’s exact test were employed for
categorical variables, and Student’s t test was conducted
for continuous variables. The correlation between SAA4
expression and clinicopathological features was also ana-
lyzed by the Mann—Whitney test and Kruskal—Wallis
test. A P value <0.05 was considered to indicate statistical
significance.

Results
SAA4 is expressed at low levels in HCC

A total of 375 HCC patients from the TCGA database and
40 HCC patients from our center were enrolled. In the analy-
sis of the entire TCGA cohort, SAA4 was expressed at low
levels in 375 HCC tissues compared with 50 normal tissues
(Fig. 1a). In addition, the expression of SAA4 was also sig-
nificantly lower in tumor tissues than in normal tissues in
the paired analysis (Fig. 1b).

In the IHC staining analysis, the SAA4 protein expres-
sion in normal tissues was higher than that in tumor tis-
sues according to the results from the THPA (Fig. 1¢). To
further verify the SAA4 expression difference, IHC stain-
ing was applied for the detection of the SAA4 protein in
the tumor and paracancerous tissues from our center, which

showed that the staining density of SAA4 in paracancerous
tissues was stronger than that in tumor tissues (Fig. 1d, e,
P <0.001).

Low expression of SAA4 is associated
with the progression and poor differentiation
of HCC

To investigate the role of SAA4 in the progression of HCC,
correlation analysis between SAA4 expression and TNM
stage, AJCC stage and grade was conducted. These results
indicated that SAA4 expression was significantly different at
different T stages, AJCC stages and histological grades, but
no significant difference was observed in patients grouped
by N stage (Figure S1a) or M stage (Figure S1b).

In terms of T stage, the expression of SAA4 decreased
with the progression of T stage (Fig. 2a). In the T1 and T2
stages, the expression of SAA4 was significantly higher than
that in the T3 and T4 stages (Fig. 2b). Although there were
significant differences in the expression of SAA4 between
different AJCC stages, the expression of SAA4 was not com-
pletely decreased with the increase in AJCC stage (Fig. 2c).
At stage IV, the expression of SAA4 was not significantly
decreased but was slightly increased compared with that in
stage III. However, the small number of stage IV patients
may have contributed to this result. To reduce the effects of
this factor, the differences in SAA4 between stage I and II
and stage III and IV were compared, which showed that the
expression of SAA4 in stages I and II was significantly lower
than that in stages III and IV (Fig. 2d). In addition, similar
results were also observed in histological-grade correlation
analysis, where the decrease in the expression of SAA4 was
accompanied by an increase in histological grade (Fig. 2e,
f). Taken together, these results suggest that low expression
of SAA4 is significantly associated with the progression and
poor differentiation of HCC.

Low expression of SAA4 is associated with poor
prognosis in HCC patients

To further explore the effects of SAA4 on the prognosis
of patients with HCC, survival analysis was carried out in
the TCGA database and was verified in K—M plotter data-
base. In the TCGA database, HCC patients were divided into
low- and high-expression groups. As shown in Fig. 3a, the
5-year overall survival (OS) of the high-expression group
was significantly higher than that of the low-expression
group. To further validate the effects of SAA4 on the out-
comes of HCC patients, external validation based on K—M
plotter database was performed. Similarly, low expression
of SAA4 was significantly associated with worse 5-year
OS of HCC based on the K—M plotter database (Fig. 3b).
In addition, similar results were also observed for 5-year
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Fig.1 SAA4 expression in HCC tissues was significantly lower
than that in normal tissues. a SAA4 was expressed at low levels in
375 HCC tissues compared with 50 normal tissues. b In the paired
analysis, SAA4 expression was also significantly lower in tumor tis-
sues than in normal tissues. ¢ IHC staining results from the THPA
database showed that the staining intensity of SAA4 protein in HCC
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was significantly weaker than that in normal tissues. d IHC staining
results from our center showed that the staining intensity of SAA4
protein in HCC tissues was significantly weaker than that in normal
tissues, and the IOD values were evaluated by semiquantitative analy-
sis (e). FPKM: fragments per kilobase of exon model per million
mapped fragments; ***P value <0.001; ****P value <0.0001
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Fig.2 Low SAA4 expression was associated with HCC progression
and poor differentiation. a SAA4 gene expression decreased with T
stage progression. b SAA4 expression in the T1 and T2 stages was
significantly higher than that in the T3 and T4 stages. ¢ SAA4 expres-
sion was significantly different between the four stage groups. d
SAAA4 expression in stage I and stage II was significantly higher than

progression-free survival (PFS) and 5-year recurrence-
free survival (RFS). The 5-year PFS (Fig. 3c) and 5-year
RFS rates (Fig. 3d) of the high-expression group were sig-
nificantly better than those of the low-expression group.
Accordingly, HCC patients with low expression of SAA4
had a worse prognosis.

DEGs, heatmap, volcano plot and GSEA

To explore the underlying mechanisms of the effect of SAA4
on the progression of HCC, DEG, heatmap, volcano plot
and GSEA analyses were conducted. There were 1551 genes
with low expression and 188 genes with high expression
between the SAA4 high- and low-expression groups. All the
DEGs were identified and visualized using heatmap (Fig. 4)
and volcano plot (Fig. 5).

GSEA was employed to reveal the underlying mecha-
nisms of SAA4 in the progression of HCC. As shown in

that in stage III and stage IV. e SAA4 expression was significantly
different between the four grade groups. f SAA4 expression in G1
and G2 was significantly higher than that in G3 and G4. FPKM: frag-
ments per kilobase of exon model per million mapped fragments; **P
value <0.01; ***P value <0.001

Fig. 6a, the top 5 GO and KEGG terms in the high and
low SAA4 expressions groups were identified. GO analysis
results revealed that in the high-expression SAA4 group,
the DEGs were mainly enriched in the following GO terms:
high-density lipoprotein particle, microbody lumen, NADH
dehydrogenase complex, protein lipid complex and arachi-
donic acid monooxygenase activity. In the low-expression
SAA4 group (Fig. 6b), the DEGs were mainly enriched in
the following terms: kidney morphogenesis, mesonephros
development, sodium ion transmembrane transport, immu-
noglobulin complex and extracellular matrix structural con-
stituent. In the KEGG analysis, the results indicated that
in the high SAA4 expression group (Fig. 6¢), the DEGs
were mainly involved in complement and coagulation cas-
cades, fatty acid metabolism, glycine serine and threonine
metabolism, retinol metabolism and tryptophan metabolism.
However, in the low SAA4 expression group (Fig. 6d), the
DEGs were mainly involved in basal cell carcinoma, cardiac
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Fig.3 Low SAA4 expression was closely related to a poor prognosis
in HCC. a The survival analysis results from TCGA database showed
that 5-year OS of low-expression group was significantly worse than
high-expression group. b The survival analysis results from K—M
plotter database showed that 5-year OS of low-expression group
was also significantly worse than high-expression group. ¢ The sur-
vival analysis results from K—M plotter database showed that 5-year

muscle contraction, dilated cardiomyopathy, ECM receptor
interaction and neuroactive ligand receptor interaction. In
this part, the DEGs between the high and low SAA4 groups
were screened and visualized with heatmap and volcano
plot, and the potential role of SAA4 in HCC was also inves-
tigated by GSEA.
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PES of low-expression group was also significantly worse than high-
expression group. d The survival analysis results from K—M plotter
database showed that 5-year RFS of low-expression group was also
significantly worse than high-expression group. OS, overall survival;
PFS, progression-free survival; RFS, recurrent-free survival; HR,
hazard ratio

SAA4 has a higher predictive value than AFP for HCC

To investigate the predictive value of SAA4 for HCC and
the complementary ability of SAA4 for AFP in predict-
ing HCC, ROC curves were established, and correspond-
ing AUC values were also calculated. Based on the optimal



Clinical and Experimental Medicine (2024) 24:31

Page70of 10 31

Fig.4 Comparison of differentially expressed gene profiles between
SAA4 high- and low- expression groups in HCC. A heatmap was
used to visualize differentially expressed genes between the high and
low SAA4 groups

Volcano

—log10(fdr)

logFC

Fig.5 The differentially expressed genes between the high and low
SAA4 expression groups in HCC. A volcano plot was used to visu-
alize differentially expressed genes between the high and low SAA4
groups. FC, fold change; FDR, false discovery rate

cutoff value of AFP, these HCC patients were divided into
AFP-negative and AFP-positive groups. The cutoff value of
AFP was 2.084, and its sensitivity and specificity for predict-
ing HCC were 0.505 and 0.940, respectively. Similarly, the
cutoff value of SAA4 was 195.737, and its sensitivity and
specificity were 0.900 and 0.802, respectively. Then ROC
curves were constructed.

As shown in Fig. 7a, the AUC value of SAA4 was 0.8511,
which indicated that it is a valuable predictor for HCC. In

addition, the AUC value of SAA4 was higher than that of
AFP (AUC =0.7227), which means that SAA4 is better for
predicting HCC than AFP. Moreover, the combination of
SAA4 and AFP had the best predictive performance for
HCC,; it was significantly better than AFP and SAA4 alone.
The AUC value of the combination of SAA4 and AFP was
0.9032. Furthermore, to identify the predictive efficacy of
SAA4 for early HCC, we also constructed ROC curves to
evaluate the predictive efficiency of SAA4 for HCC with
T1 stage. The result is shown in Fig. 7b; SAA4 also showed
good predictive efficacy for T1 stage HCC. The AUC value
of SAA4 was 0.8064, which was also higher than that of
AFP (AUC=0.7048). Meanwhile, the combination of AFP
and SAA4 also showed the best predictive efficacy for HCC
with T1 stage (AUC=0.8816). These results suggested
that SAA4 was superior to AFP in predicting HCC and that
SAA4 was a good complement for diagnosis of AFP-neg-
ative HCC.

Discussion

Currently, HCC is one of the leading causes of tumor-related
death. There are various treatment methods for HCC, such
as surgical resection [19], radiofrequency ablation [20, 21],
transcatheter arterial chemoembolization (TACE) [22],
immunotherapy [23], targeted therapy [24], and liver trans-
plantation [25, 26]. Among them, surgical resection is rec-
ommended for patients with single HCC tumors with good
liver function and without portal hypertension [27]. How-
ever, at present, most patients are diagnosed at an advanced
stage, at which point 5-year OS rate is less than 15%, while
the rate for patients with early HCC can reach more than
70% [3]. In addition, the 5-year recurrence rate after tumor
resection is over 50%, and regular follow-up monitoring after
surgery is very important. Hence, early screening and effec-
tive postoperative surveillance can significantly improve the
prognosis of tumor patients.

Currently, there are a variety of diagnostic methods for
HCC, including serological alpha-fetoprotein detection,
ultrasound, CT, MRI, and percutaneous liver biopsy [3,
28]. Among them, US and serological AFP detection are
the main means for the early diagnosis and surveillance of
HCC. However, both of these methods lack sufficient sen-
sitivity and accuracy. Therefore, it is crucial to find a novel
biomarker for the diagnosis of HCC, especially for early or
recurrent HCC.

In this study, we investigated the expression changes of
SAA4 during the progression of HCC and the predictive
ability for HCC, even in the early stage. First, we compared
the gene expression of SAA4 between tumor and paracan-
cerous tissues. The results showed that unlike the tradi-
tional biomarkers, SAA4 was significantly downregulated
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Fig.6 Gene set enrichment analysis (GSEA). a The top 5 GO terms in the high SAA4 expression group. b The top 5 GO terms in the low SAA4
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Fig.7 ROC curves were used to compare the predictive value of
SAA4, AFP and the combination of SAA4 and AFP for HCC. a In
the entire HCC cohort, the AUC value of SAA4 (AUC=0.8511)
was significantly higher than that of AFP (AUC=0.7227), and
the combination of SAA4 and AFP had better predictive efficacy
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(AUC=0.9032). b In T1 stage HCC patients, the AUC value of
SAA4 (AUC=0.8064) was significantly higher than that of AFP
(AUC=0.7048), and the combination of SAA4 and AFP also had
better predictive efficacy (AUC=0.8816). AUC, area under the curve
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in tumor tissues versus paracancerous tissues. In addition,
the difference in the protein expression of SAA4 between
tumor and paracancerous tissues was further validated, and
the THC results from the THPA and our center indicated
that similar to the results for gene expression, the staining
intensity of SAA4 protein in paracancerous tissues was
significantly stronger than that in tumor tissues. Then, we
found that SAA4 expression decreased with the progres-
sion and poor differentiation of HCC. However, there was
no significant difference in the expression of SAA4 in dif-
ferent stages in the analysis of the N and M stages, possibly
because of the limited sample size of patients in N1 and
MI stages. Combining the results of survival analysis based
on the TCGA and K—M plotter databases, we found that
high SAA4 expression in tumor tissues was closely related
to good outcomes in HCC. This indicates that SAA4 may
play an indicator role in the survival of patients with HCC.

In addition, to further verify the predictive effect of
SAA4 on HCC, ROC curve analysis was performed. We
found that SAA4 had a very good predictive performance
for HCC, even early-stage HCC and was superior to AFP.
These results suggest that SAA4 is a promising biomarker
for early HCC screening and can be used as a candidate
marker for AFP-negative HCC screening. However, further
studies on the predictive efficacy of serum SAA4 levels for
HCC are needed to facilitate clinical applications.

To further identify the mechanism underlying the
decreased expression of SAA4 in HCC, we conducted
GSEA. We found that the expression of SAA4 is closely
related to the complement and coagulation cascades, metab-
olism of substances such as fatty acids and amino acids, and
the structure of extracellular matrix and its interaction with
receptors.

In this study, complement and coagulation cascades
pathway was enriched in the group with high expression of
SAA4 in HCC. However, there is a lack of evidence regard-
ing how SAA4 exerts its antitumor effects on HCC through
the complement and coagulation cascades pathway, and fur-
ther experimental studies are needed to explore the potential
mechanisms.

In addition, this study also showed that SAA4 expression
was positively related to the fatty acid metabolism pathway.
There is evidence that abnormal fatty acid accumulation and
inhibition of fatty acid oxidation are critical for HCC pro-
gression [29]. In this study, SAA4 expression was closely
related to fatty acid metabolism, suggesting that SAA4 may
inhibit the aggressiveness of HCC by promoting fatty acid
oxidation.

The extracellular matrix (ECM) is secreted by cells as
its structure and biochemical support and plays a vital role
in cell proliferation, differentiation and microenvironment
homeostasis [30]. The dysregulation of the ECM can sig-
nificantly affect the progression of tumors. The results of

GSEA showed that the expression of SAA4 was negatively
correlated with the ECM receptor interaction pathway. We
hypothesized that SAA4 may be involved in maintaining
the balance of ECM structure and function and microenvi-
ronment homeostasis. SAA4 expression is reduced in HCC,
resulting in an imbalance between the ECM and microen-
vironment homeostasis, which promotes the progression of
HCC.

However, this study still had some limitations. First,
although this study assessed the predictive effect of SAA4
gene expression on HCC, to facilitate the application in
clinic, we still need to study the effectiveness of serum
SAAA4 protein levels in predicting HCC. Second, this study
predicted the potential mechanisms of SAA4 involvement in
HCC only through bioinformatics analysis, and we need to
further verify the role of SAA4 through fundamental experi-
ments in subsequent studies.

Conclusions

In conclusion, this study revealed that the expression of
SAA4 was low in HCC and had a decreasing trend during
the progression of HCC. In addition, HCC patients with low
expression of SAA4 had a worse prognosis. Our study also
demonstrated that SAA4 may play a role as an indicator for
HCC and a complementary role in the diagnosis of AFP-
negative HCC.
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