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Abstract

BACKGROUND

Serum amyloid Al (SAA1) is an acute-phase protein involved in acute or chronic
hepatitis. Its function is still controversial. In addition, the effect of the expression
of SAA1 and its molecular function on the progression in hepatocellular
carcinoma (HCC) is still unclear.

AIM
To demonstrate the expression of SAA1 and its effect on the prognosis in HCC
and explain further the correlation of SAA1 and immunity pathways.

METHODS

SAA1 expression in HCC was conducted with The Cancer Genome Atlas-Liver
Hepatocellular Carcinoma (TCGA-LIHC) in GEPIA tool, and the survival analysis
based on the SAA1 expression level was achieved in the Kaplan-Meier portal. The
high or low expression group was then drawn based on the median level of SAA1
expression. The correlation of SAA1 and the clinical features were conducted in
the UALCAN web-based portal with TCGA-LIHC, including tumor grade, patient
disease stage, and the TP53 mutation. The correlation analysis between SAA1
expression and TP53 mutation was subjected to the TCGA portal. The tumor
purity score and the immune score were analyzed with CIBERSORT. The
correlation of SAA1 expression and tumor-infiltrating lymphocytes was achieved
in TISIDB web-based integrated repository portal for tumor-immune system
interactions. GSE125336 dataset was used to test the SAA1 expression in the
responsive or resistant group with anti-PD1 therapy. Gene set enrichment
analysis was applied to evaluate the gene enrichment signaling pathway in HCC.
The similar genes of SAA1 in HCC were identified in GEPIA, and the protein-
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protein interaction of SAA1 was conducted in the Metascape tool. The expression
of C-X-C motif chemokine ligand 2, C-C motif chemokine ligand 23, and
complement Cba receptor 1 was studied and overall survival analysis in HCC was
conducted in GEPIA and Kaplan-Meier portal, respectively.

RESULTS

SAA1 expression was decreased in HCC, and lower SAA1 expression predicted
poorer overall survival, progression-free survival, and disease-specific survival.
Furthermore, SAA1 expression was further decreased with increased tumor grade
and patient disease stage. Also, SAA1 expression was further downregulated in
patients with TP53 mutation compared with patients with wild type TP53. SAA1
expression was negatively correlated with the TP53 mutation. Lower SAA1
predicted poorer survival rate, especially in the patients with no hepatitis virus
infection, other than those with hepatitis virus infection. Moreover, the SAA1
expression was negatively correlated with tumor purity. In contrast, SAA1
expression was positively correlated with the immune score in HCC, and the
correlation analysis between SAA1 expression and tumor-infiltrating lymphocytes
also showed a positive correlation in HCC. Decreased SAA1 was closely
associated with the immune tolerance of HCC. C-X-C motif chemokine ligand 2
and C-C motif chemokine ligand 23 genes were identified as the hub genes

associated with SAA1, which could also serve as favorable prognosis markers for
HCC.

CONCLUSION

SAA1 is downregulated in the liver tumor, and it is closely involved in the
progression of HCC. Lower SAA1 expression indicates lower survival rate,
especially for those patients without hepatitis virus infection. Lower SAA1
expression also suggests lower immune infiltrating cells, especially for those with
immune cells exerting anti-tumor immune function. SAA1 expression is closely
associated with the anti-tumor immune pathways.

Key Words: Serum amyloid A1; Hepatocellular carcinoma; Low expression; Prognosis;
Hepatitis; Immune pathways

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we identified the downregulation of serum amyloid Al (SAA1) in
hepatocellular carcinoma (HCC). SAA1 expression could predict the favorable prognosis
for HCC patients, especially for those patients without hepatitis virus infection. SAA1
expression was closely associated with anti-tumor immune signaling pathways. We also
identified two signature genes associated with SAA1, suggesting a favorable prognosis
function of SAA1 for HCC patients.

Citation: Zhang W, Kong HF, Gao XD, Dong Z, Lu Y, Huang JG, Li H, Yang YP. Immune
infiltration-associated serum amyloid A1l predicts favorable prognosis for hepatocellular
carcinoma. World J Gastroenterol 2020; 26(35): 5287-5301

URL: https://www.wjgnet.com/1007-9327/full/v26/i35/5287.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i35.5287

INTRODUCTION

Serum amyloid Al (SAA1) is a kind of acute-phase protein that is also a member of the
coding gene of serum amyloid A (SAA) protein, which consists of SAA2, SAA3, and
SAA4I'. SAA1, SAA2, and SAA3 contribute to the acute phase response, and SAA4
expression is constitutively expressed. At present, SAA protein is regarded as the
most important biomarker in acute inflammation and tissue injury, and it could serve
as a marker for viral or bacterial infection. The sensitivity of SAA1 for inflammatory
infection diagnosis is superior to C-reaction protein, which was confirmed in the
diagnosis of several diseases, such as tuberculosis, lepriasis, Crohn’s disease, and
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rheumatoid arthritis“. In recent years, the importance of SAA in the malignant tumor
has attracted much more attention. Some studies reported that serum SAA is a
biomarker for some solid tumors, such as stomach, colon, pancreas, breast, and lung
cancers, and that elevated SAA is also correlated with tumor stagel'l. SAA protein is
mainly synthesized by the liver, and some literature has revealed its expression
changes in liver diseases, such as liver injury and virus infection!''l. However, the
expression and clinical correlation of SAA in hepatocellular carcinoma (HCC) are still
unclear. SAA1, which is an important preproprotein of SAA, should also be examined.
Thus, this study mainly focused on the significance of SAA1 in HCC.

HCC is a major malignant tumor of the digestive system with a high lethality rate,
especially in Asians!?. Clinical data have shown that hepatitis virus infection could be
an important reason for the high frequency of HCC in Asians!". The clinical
treatment for HCC includes chemotherapy, radiotherapy, immunotherapy, and
interventional treatment!””l. The representative chemotherapy drug is sorafenib, from
which some patients benefit in prolonging survival. However, clinical practice also
revealed the true frequency of drug resistance, which contributed to the poor outcome
of HCC patients”. The complex tumor microenvironment and side effects also
interfered with the effect of radiotherapy or interventional therapy!"”\. In recent years,
immune-based treatments have attracted much attention. Immune checkpoint
blockade therapy has been widely conducted in clinical trials (e.g., the PD-1 blockade
antibody!") with unsatisfactory outcomes. Considering the significance of the anti-
PD1 antibody in other tumors, some researchers hypothesized that immune tolerance
might contribute to the poor outcome. Researchers had been trying to explore
solutions to overcome immune tolerance. Driving immune cytotoxic cells to kill tumor
cells could be an encouraging strategy.

In this study, SAA1 expression was decreased in HCC, and its lower expression
represented poorer prognosis, especially in those without hepatitis virus infection,
suggesting that immune signaling pathways might be involved in SAAl-mediated
HCC progression. The molecular mechanism exploration also confirmed the close
association between SAA1 and immune tolerance. In summary, downregulation of
SAA1 in HCC may be a candidate target for HCC therapy, especially in the practice of
anti-tumor immunity.

MATERIALS AND METHODS

The cancer genome atlas analysis

The expression of SAA1, C-X-C motif chemokine ligand 2 (CXCL2), C-C motif
chemokine ligand 23 (CCL23), and complement C5a receptor 1 (C5AR1) in the HCC
tumor tissues and normal liver tissues was conducted in the GEPIA portal (
http:/ /gepia2.cancer-pku.cn/#index)!"). Normal liver tissues were comprised of
surrounding non-tumor and genotype-tissue expression liver tissues. The correlation
of SAA1 with the clinical features (e.g., tumor grade, patient disease stage, and TP53
mutation) was subjected to UALCAN (http:/ /ualcan.path.uab.edu/index.html)®1. The
correlation of SAA1 expression with the frequency of TP53 mutation was conducted in
Liver Hepatocellular Carcinoma (LIHC) of The Cancer Genome Atlas (TCGA) portal (
www.tcgaportal.org).

Survival analysis

The overall survival (OS), progression-free survival (PFS), recurrence-free survival
(RFS), and disease-specific survival (DSS) were subjected to Kaplan Meier plotter (
http:/ /kmplot.com/analysis/)P). The portal can assess the effect of SAA1 on the
survival rate in HCC. The TCGA samples and gene expression omnibus (GEO) series
samples were included in the liver tumor of the Kaplan Meier plotter portal. The
standard level of high or low expression group was achieved by the best cutoff, which
was between the lower and upper quartiles, and the best performing threshold was
used as a cutoff.

Immune infiltration analysis

The correlation between SAA1 expression and the tumor purity of HCC was measured
in TIMER (http:/ /timer.cistrome.org/)P, a comprehensive resource for systematic
analysis of immune infiltrates. The interaction between SAA1 and the immune system
was assessed in TISIDBP, an integrated repository portal for tumor-immune system
interactions. In this study, the transcriptomics data of SAA1 and clinical data of LIHC
from TCGA were included to evaluate the correlation, elucidating the potential
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interaction between SAA1 and the immune system.

Gene set enrichment analysis

The enrichment analysis of the Kyoto encyclopedia of genes and genomes pathways
(KEGG) was conducted with gene set enrichment analysis (GSEA)™!. The standard of
sample clustering was based on the median level of SAA1 expression. The number of
permutations was set as 1000, and the enrichment statistic was weighted. The
Signal2Nosie was used as a metric for ranking genes. The minimum sets were above
15 genes. The normalized enrichment score (NES) was used to evaluate the enrichment
intensity of SAA1 in indicated pathways. A P value < 0.05 and a false discovery rate <
0.05 for an enrichment gene sets were considered as the statistically significant.

GEO analysis

GSE125336 data set was from GEO, a public functional genomics data repository
portal. The sequencing data were downloaded via the SangerBox tool (
https:/ /shengxin.ren/). This dataset was collected from the GPL21103 platform
(Iumina Hiseq 4000).

Protein-protein interaction network construction

Similar genes that have a similar expression pattern with SAA1 in HCC were obtained
from GEPIA. The top 300 similar genes were subjected to protein-protein interaction
(PPI) analysis in Metascape!™!.

Statistical analysis

The data were shown as mean * standard deviation, and the difference between the
two groups was determined by student’s t-test. The correlation analysis was assessed
by the Spearman method. The log-rank method was used to perform survival analysis.
P value < 0.05 was considered a significant statistical difference.

RESULTS

SAA1 was downregulated in HCC and predicted the favorable prognosis for HCC

patients

SAAT1 as an acute-phase protein, which was reported to be involved in the regulation
of pro-inflammation or anti-inflammation signaling, is controversial®**l. Furthermore,
the expression of SAA1 in HCC was also unclear. Firstly, we evaluated the expression
of SAA1 in HCC and found that SAA1 expression was decreased in liver tumor tissues
compared with normal liver tissues (Figure 1A). Then, to determine the clinical
significance of the downregulated SAA1 in HCC, we conducted survival analysis. As
shown in Figure 1B-D, the patients with lower SAA1 showed poorer survival rates
from OS, PFS, and RFS analysis. In detail, the median survival time of HCC patients
with low SAA1 expression was significantly shorter than those with high SAA1
expression (OS: 33.5 mo vs 70.5 mo; PFS: 11.33 mo vs 29.3 mo; DSS: 81.87 mo vs 84.83
mo; RFS: 11.97 mo vs 34.4 mo). The Cox proportional hazards model also showed
favorable prognosis of low SAA1 expression, and the hazard ratio value with 95%
confidence interval (CI) of low SAA1 expression in OS, PFS, DSS, and RFS was 0.6
(0.43-0.85), 0.59 (0.43-0.81), 0.59 (0.37-0.91), 0.58 (0.41-0.83) respectively (Table 1). These
results demonstrated that the decreased level of SAA1 in HCC could serve as a good
prognostic biomarker for HCC patients.

SAA1 is closely involved in the development of HCC

SAAT1 expression is downregulated in the liver tumor tissues, as above demonstrated,
and the clinical significance of SAA1 in survival time was also confirmed, as shown in
Figure 1. To understand further the expression of SAA1 in the development of HCC,
we analyzed SAA1 expression in some clinical features, such as tumor grade, patient
disease stage, and the TP53 mutation or not. As shown in Figure 2A, SAA expression
was further decreased with the increase of tumor grade. Similarly, SAA1 expression
was also decreased with increased patient disease stage (Figure 2B), suggesting that
SAA1 was closely involved in the progression of HCC. Moreover, TP53 mutation is an
important risk factor contributing to the poor prognosis in HCC™!. Thus, this study
included the TP53 mutation in the analysis of SAA1 in HCC, suggesting interestingly
that SAA1 expression was further decreased in tumor tissues with TP53 mutation than
those without TP53 mutation (Figure 2C). The correlation analysis between SAA1
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Table 1 The survival analysis based on the serum amyloid A1 expression

Median time in mo

Survival analysis HR (95%Cl) P value
SAA1 high SAA1 low

0s 705 335 0.6 (0.43-0.85) 0.004

PFS 293 1133 0.59 (0.43-0.81) 0.00091

DSS 84.73 81.87 0.59 (0.37-0.91 0.017

RFS 34.4 11.97 0.58 (0.41-0.83) 0.0021

SAA1: Serum amyloid A1; OS: Overall survival; PFS: Progression-free survival; DSS: Disease-specific survival; RFS: Recurrence-free survival.

Jaishideng®

expression and the frequency of TP53 mutation also showed that lower SAA1
expression was accompanied by the high incidence of TP53 mutation (P < 0.05,
Figure 2D).

SAA1 is a specific prognostic marker for HCC patients without hepatitis virus

infection

As shown in Figure 1, SAA1 could be a favorable prognostic biomarker for HCC.
Considering the importance of SAA1 in the regulation of inflammation and the
interaction between hepatitis virus infection and tumor in HCC, we evaluated the
potential application of SAA1 as a prognostic biomarker in HCC patients with and
without hepatitis virus infection. The patients with high SAA1 presented with a good
possibility to survive in OS, PFS, and RFS analysis (Figure 3). On the contrary, there
was no significant difference in the HCC patients with hepatitis virus infection
(Figure 3D-F), suggesting that hepatitis virus infection could affect the value of SAA1
in the prediction of HCC prognosis.

SAA1 expression is closely associated with immune infiltration in HCC

SAA1 was downregulated in HCC, and the decreased SAA1 expression could predict
the poor prognosis of HCC patients, especially in patients without hepatitis virus
infection (Figure 3). However, there was no statistical significance in those patients
with hepatitis virus infection. As an inflammation-responsive gene, some reports
confirmed the expression difference of SAA1 in the physiological response, and the
hepatitis virus infection was the most important driving factor in the development of
HCC. Thus, it was easy to understand the difference of SAA1 as a prognosis factor in
HCC patients with and without hepatitis virus infection.

As attention increases regarding immune regulation in the development of HCC,
we further evaluated the importance of SAA1 in the tumor immunomodulation.
Firstly, the correlation of SAA1 expression and tumor purity was analyzed, and the
negative correlation between SAA1 and tumor purity was confirmed (Figure 4A),
which was also consistent with the downregulated SAA1 expression in HCC (as
mentioned in Figure 1). Moreover, the CIBERSORT method was applied to evaluate
the correlation between SAA1 and immune score. The results showed a significant
positive correlation (P < 4.93 x 10", Figure 4B), suggesting that the lower expression of
SAA1 in HCC was followed with a low immune score. Next, this study analyzed the
correlation between SAA1 and 27 kinds of tumor-infiltrating lymphocytes (TILs)
across human pan-cancers. As shown in Figure 4C, SAA1 expression was widely
positively correlated with TILs in many human cancer types, especially in bladder
urothelial carcinoma, glioblastoma multiforme, kidney chromophobe, kidney renal
papillary cell carcinoma, testicular germ cell tumor, and thyroid carcinoma. The
positive correlation between SAA1 expression and TILs was also observed in LIHC.
SAA1 was remarkably correlated with the abundance of activated CD8 T cells (r =
0.292, P =1.12 x 10°®, Figure 5A), natural killer (NK) cells (r = 0.289, P = 1.48 x 10%,
Figure 5B), natural killer T (NKT) cells (r = 0.324, P = 1.87 x 10, Figure 5C), T helper
(Th)1 cells (r = 0.424, P = 2.2 x 107, Figure 5D), and Th17 cells (r = 0.251, P = 9.46 x
107, Figure 5F), but there was no significant correlation between SAA1 and the
abundance of Th2 cells (P = 0.619, Figure 5E).

Decreased SAA1 is closely associated with the immune tolerance of HCC
The decreased SAA1 expression was followed by lower immune score, especially with
the lower cytotoxic T cell infiltration in the HCC, suggesting that SAA1 might
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Figure 1 Serum amyloid A1 expression in hepatocellular carcinoma tumor and surrounding non-tumor or genotype-tissue expression
liver tissues and its effect on the survival rate of hepatocellular carcinoma patients. A: A total of 160 hepatocellular carcinoma (HCC) tumor samples
and 369 normal liver tissues were included to evaluate the serum amyloid A1 (SAA1) transcript expression level. Normal liver tissues are comprised of surrounding
non-tumor and genotype-tissue expression liver tissues; B: HCC patients were divided into two groups based on the SAA1 expression level, and conducted the
overall survival (OS); C: Progression-free survival (PFS); D: Recurrence-free survival analysis (RFS). The log-rank P value was subjected to evaluate the statistical

difference.

contribute to the immune tolerance of HCC. To explain the hypothesis, the GSE125336
dataset was included, and the data showed that SAA1 expression was decreased in the
patient group resistant to anti-PD1 therapy than those responsive to anti-PD1 therapy
(Figure 6A). The GSEA was included to evaluate the significant pathways of SAA1 in
LIHC. The results showed that the most enriched pathways related to decreased SAA1
included cytokine-cytokine receptor interaction (NES = -2.43, Figure 6B), NK cell-
mediated cytotoxicity (NES = -2.15, Figure 6C), and antigen processing and
presentation (NES = -2.08, Figure 6D).

Two signature genes associated with SAA1 were identified as favorable for
prognosis of HCC

The gene enrichment analysis showed that higher SAA1 was enriched in the anti-
tumor immunity pathways, including cytokine-cytokine receptor interaction, NK cell-
mediated cytotoxicity, and antigen processing and presentation (Figure 6). High SAA1
predicted the favorable prognosis for HCC patients. To evaluate further the
importance of SAAL1 in the prognosis of HCC, we first conceived the similar genes of
SAA1, which were analyzed with PPI analysis. As Figure 7A shows, SAAT1 closely
interacted with CXCL2, CCL23, and C5AR1. To determine the role of the three
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Figure 2 Serum amyloid A1 expression was correlated with hepatocellular carcinoma development. A: The tumor tissues with different grades
and surrounding non-tumor tissues were included to analyze the serum amyloid A1 (SAA1) expression; B: The tumor tissues with different disease stage and non-
tumor tissues were conducted with the SAA1 expression analysis; C: The SAA1 expression was analyzed in tumor tissues with TP53 mutation or wild type, the non-
tumor tissues were used as control; D: The correlation of SAA1 expression and the TP53 mutation was analyzed in the cancer genome atlas portal. SAA1: Serum
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S3: Patient disease stage 3.
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associated genes in HCC, their expression levels were assessed (Figure 7B). CXCL2,
CCL23, and C5AR1 were all decreased in HCC, which was similar to SAAL.
Furthermore, the results of the overall survival analysis of the three genes are
presented in Figure 7C and show that higher CXCL2 or CCL23 predicted better
survival time. However, there was no clinical value of C5AR1 in the prediction of
prognosis for HCC. Taken together, these results indicated that CXCL2 and CCL23, as
an interacted protein of SAA1, could be complementary prognostic biomarkers for
HCC patients.

DISCUSSION

SAA1, as the most important preproprotein of SAA, is an acute-phase protein involved
in viral and bacterial infection, autoimmune disease, and some tumor pathogenesis*’l.
To date, most SAA1 research focuses on its application as a disease marker. As an
inflammation-related gene, SAA1 has been reported as a biomarker for the detection of
stroke, ankylosing spondylitis, and acute aortic and acute hepatic injury™®-"l. However,
whether SAA1 exerts * pro-inflammatory or anti-inflammatory role is still
controversial. Lee et al" reported that SAA1 protein could promote inflammatory
intestinal disease by inducing pro-inflammatory Th17 cell differentiation!. On the
contrary, Cheng et al™! identified that SAA1 could decrease lipopolysaccharide (LPS)-
induced intestinal inflammation by directly binding to LPS to form a complex and
induce LPS clearance by macrophage.

Similar to the inflammatory disease, the biological functions of SAA1 in tumors are
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different. SAA1 was reported to be overexpressed in ovarian and renal cell
carcinoma”; and serum SAA1 expression is positively correlated with the
development of melanoma. Besides, SAA1 induced interleukin-10 production in
neutrophils from melanoma patients, suggesting that SAA1 is a negative prognostic
marker in melanoma™. In HCC, SAA1 was identified as the hub gene in the PPI
analysis of differentially expressed genes!™], with unclear expression.

Hence, this study aimed to evaluate the expression of SAA1 and its clinical

5294 September 21,2020 | Volume?26 | Issue35 |



Zhang W et al. SAA1 is a prognostic marker

r 2-0.293
P=28x10°
s

15 4

SAA1 expression

° r=0.334
15 9 p=493x10™

SAA1 expression

Activated CD8 T
Central memory CD8 T
Effector memory CD8 T

Activated CD4 T
Central memory CD4 T
Effector memory CD4 T

T follicular helper
Gamma delta T cell
Cell
Thi
Th17
Th2

Tre
Activated B cell
Immature B cell
Memory B cell

NK

CD56 bright NK
CD56dim NK

MDSC

NKT

Activated dendritic cell
Plasmacytoid dendritic cell
Immature dendritic cell
Macrophage

Eosinophil

Monocyte

Neutrophil @‘

Tumor purity

Y N N e e R e v |

0.50

Q
O
<

3

-
m

T T

T
5000 7500 10000

Immune score

T T T T T T T T 1 T i T T T T 1 T

I0E

BRCA
CESC
CHOL
COAD
ESCA
GBM
HNSC
KICH
KIRC
KIRP
LGG
LIHC
LUAD
LUSC
MESO
PCPG
READ
SARC
SKCM
STAD
TGCT
THCA
UCEC
ucs

>
o

Figure 4 Serum amyloid A1 expression was correlated with immune infiltration in hepatocellular carcinoma. A: The correlation between serum
amyloid A1 (SAA1) expression level and the tumor purity was analyzed with CIBERSORT; B: The correlation between SAA1 expression and the immune score was
analyzed with CIBERSORT; C: The correlation between SAA1 expression and tumor-infiltrating lymphocytes across human cancer was conducted in TISIDB with
Spearman method. SAA1: Serum amyloid A1; TILs: Tumor-infiltrating lymphocytes; NK: Natural killer cell; NKT: Natural killer T cell; ACC: Adrenocortical carcinoma;
BLCA: Bladder Urothelial Carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL:
Cholangiocarcinoma; COAD: Colon adenocarcinoma; ESCA: Esophageal carcinoma; GBM: Glioblastoma multiforme; HNSC: Head and Neck squamous cell
carcinoma; KICH: Kidney chromophobe; KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal papillary cell carcinoma; LGG: Brain lower-grade glioma; LIHC:
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carcinoma; UCEC: Uterine corpus endometrial carcinoma; UCS: Uterine carcinosarcoma.
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significance in HCC. Firstly, we confirmed the downregulated expression of SAA1 in
HCC tumor tissues (Figure 1A). The correlation analysis between SAA1 expression
and tumor purity further confirmed its decreased expression in HCC tumor tissues
(Figure 4A). Moreover, SAA1 expression decreased with increased tumor grade and
disease stage (Figure 2A and B); and the lower SAA1 expression was accompanied
with the higher frequency of TP53 mutation (Figure 2C and D), a marker of poor
prognosis in HCC. The above results suggested that decreased SAA1 expression was
closely involved in the progression of HCC. In the further study of clinical
significance, the effect of SAA1 on the survival rate revealed that the lower SAA1
expression in HCC predicted worse survival time (Figure 1B-D), especially in HCC
patients without hepatitis virus infection (Figure 3).
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Figure 5 The association between serum amyloid A1 expression and immune cell abundance in hepatocellular carcinoma. A: A total of 373
hepatocellular carcinoma samples were included to analyze the correlation between SAA1 expression and activated CD8 T cell; B: Natural killer (NK) cell; C: Natural
killer T (NKT) cell; D: Th1; E: Th2; F: Th17 cells abundance. SAA1: Serum amyloid A1.

Considering the induction of SAA1 in hepatitis by virus infection or tissue injury,
the hepatitis virus infection-induced SAA1 expression could interfere with the
prognostic value of SAAT in HCC. This data also indicated that the immune signaling
pathways might be closely associated with SAA1-mediated HCC progression.
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Figure 6 Low serum amyloid A1 expression was negatively correlated with the anti-immunity signaling. A: GSE125336 was used to evaluate
the serum amyloid A1 expression in patients who were responsive and resistant to the anti-PD1 antibody; B-D: The gene set enrichment analysis in hepatocellular
carcinoma revealed the top three pathways with KEGG. SAA1: Serum amyloid A1; NES: Normalized enrichment score; GSEA: Gene set enrichment analysis.

Interestingly, the immune infiltrating analysis showed that lower SAA1 expression
represented lower immune score and immune cells infiltration (Figure 4B and C),
especially in the cytotoxic T cells and anti-tumor associated immune cells, including
activated CD8 T, NK, NKT, Thl, and Th17 cells (Figure 5). In the exploration of
potential molecular mechanisms, the lower SAA1 might contribute to immune
tolerance (Figure 6), which could be a potential therapeutic target for enhanced anti-
tumor immunity. More significantly, this study also identified two signature genes
that interacted with SAA1 as compensative prognostic biomarkers (Figure 7), which
could enhance the prognostic value of SAA1 in HCC.
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Figure 7 The two signature genes interacted with serum amyloid A1 and acted as a prognostic marker for hepatocellular carcinoma. A:
The similar genes of serum amyloid A1 were achieved in GEPIA, and the similar genes were conducted in protein-protein interaction analysis; B: The expression of
CXCL12, CCL23, and C5AR1 in hepatocellular carcinoma and non-tumor tissues were analyzed in GEPIA portal; C: The overall survival analysis was conducted
based on the expression level of CXCL12, CCL23, and C5AR1. SAA1: Serum amyloid A1; OS: Overall survival; CXCL2: C-X-C motif chemokine ligand 2; CCL23: C-
C motif chemokine ligand 23; C5AR1: Complement C5a receptor 1.

CONCLUSION
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In summary, this study identified the downregulated expression of SAA1 as a
potential prognostic biomarker for HCC, and decreased SAA1 was closely associated
with immune tolerance signaling pathways. SAA1 could be an encouraging drug
target for anti-tumor immunity. More experiments should be conceived to confirm the
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significance of SAA1 in HCC immunotherapy.

ARTICLE HIGHLIGHTS

Research background

Serum amyloid Al (SAA1) is regarded as an important regulator in the immune
network. Recently, SAA1 was reported to regulate the development of some cancers,
and it may function as a biomarker for some cancers.

Research motivation
SAAL is a potential biomarker in some cancers, but its expression and function in
hepatocellular carcinoma (HCC) are still unclear.

Research objectives

The project was designed to determine the expression level of SAA1 in HCC and to
analyze the association between SAA1 expression and prognosis of HCC patient and
its potential regulation on the immune network.

Research methods

GEPIA web-based analytical tool was subjected to evaluate the expression of SAA1 in
HCC. The patients from The Cancer Genome Atlas-Liver Hepatocellular Carcinoma
(TCGA-LIHC) were sub-grouped according to the median expression level of SAAL.
Then, the Kaplan-Meier portal was used to analyze the survival curve of the high or
low SAA1 expression groups. UALCAN tool was used to evaluate the expression of
SAAL1 in different tumor grades, stages, and TP53 mutation or not. The CIBERSORT
method was subjected to test the correlation between SAA1 expression and immune
infiltration score in HCC. TISIDB integrated portal was conducted to reveal the
association between SAAL1 level and the tumor-infiltrating lymphocytes. GSE125336
dataset was subjected to analyze the SAA1 level according to the anti-PD1 response.
Gene set enrichment analysis method was subjected to analyze the enriched signaling
pathways based on SAA1 in HCC. The co-expression genes of SAA1 was subjected to
Metascape to evaluate the hub genes. These hub genes were subjected to GEPIA and
Kaplan-Meier to analyze the expression and overall survival.

Research results

SAAL1 level was downregulated in the liver tumor, and the lower expression could
function as a prognostic biomarker in overall survival, progression-free survival, and
disease-specific survival of HCC. Besides, the SAA1 expression level was closely
associated with tumor grades and patient stages. More interestingly, the HCC patients
with TP53 mutation showed a lower expression of SAA1. SAA1 could act as a good
prognostic marker in HCC patients without hepatitis infection. SAA1 expression was
positively correlated with the immune infiltration score and tumor-infiltrating
lymphocytes. Low SAA1 expression was negatively correlated with anti-immune
signaling, including cytokine-cytokine receptor interaction, natural killer cell-mediated
cytotoxicity, and antigen processing and presentation. CXCL2 and CCL23 were
identified as the hub genes that interacted with SAA1 and acted as prognostic markers
for HCC.

Research conclusions

SAA1 expression is low in HCC, and its expression is closely associated with the
progression of HCC. Besides, SAA1 can act as a poor prognostic biomarker for HCC
patients. More interestingly, SAAL1 is closely involved in the regulation of the immune
infiltrating process.

Research perspectives

In this study, SAA1 was identified as a negative regulator for HCC, and its expression
might be a poor prognostic biomarker for HCC patients. Interestingly, the SAA1
expression was closely related to the tumor-infiltrating immune cells network.
However, these findings were based on the expression levels. SAA1 is a secreted
protein from the liver, and the secreted levels could be much more practical clinically,
especially in the prognosis analysis.
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