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Abstract

The link between family with sequence similarity 99 member A (FAM99A), a type of long
non-coding RNA, and tumourigenesis remains ambiguous. Therefore, in this study, the
authots conducted an expression profile analysis of FAM99A based on 33 types of cancet
within The Cancer Genome Atlas project. The expression profile data revealed low
expression levels of FAM99A in hepatocellular carcinoma, cholangiocarcinoma, and
testicular germ cell tumour tissues than in the normal control tissues. Survival analysis
indicated a correlation between low FAM99A expression and worse sutrvival outcome in
patients with hepatic cancer. Further investigation revealed the possible implication of
DNA methylation, but not copy number vatiation, in FAM99A-associated hepatic
tumourigenesis. The authors also identified a set of differentially expressed genes between
patients with hepatic cancer and negative controls, which were found to be related to
biochemical metabolism or the cell cycle. Additionally, FAM99A expression may be
associated with the infiltration status of several immune cells, such as dendritic cells,
natural killer cells, and neutrophils. Overall, FAM9I9A may function as a prognostic
marker that is potentially associated with DNA methylation, immune cell infiltration, and
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1 | INTRODUCTION

Growing evidence suggests a functional link between long
non-coding RNAs (IncRNAs) and tumourigenesis [1-5]. In-
formation on wvarious characteristics, such as expression,
methylation, copy number variation (CNV), and clinical traits,
are available on The Cancer Genome Atlas (TCGA) database
[6, 7]. Based on the available datasets on liver hepatocellular
carcinoma (LIHC) cohort, we screened various IncRNAs
related to the pathological stages of hepatic cancer using bio-
informatic methods, such as random forest (data not shown).
The family with sequence similarity 99 member A (FAM99A)
gene was identified. Very recently, Mo et al. reported the
suppressor and prognostic effects of FAM99A on hepatocel-
lular carcinoma (HCC) [8]. However, the deeper molecular

biochemical metabolism in hepatic cancer.

cancer, genetics, genomics, tumours

mechanism remains unclear. It is worth further exploring the
role of FAM99A in the oncogenesis of hepatic cancer from
more analytical perspectives. There was still no in silico analysis
of FAM99A in a total of 33 types of cancers as well.
FAM99A is an IncRNA that functions as a foetal imprinted
gene [9]. Three studies have investigated the association be-
tween FAM99A and pregnancy-related issues [9-11]. Two
studies have reported the role of FAM99A in hypoxia-induced
HCC metastasis [12] and glucose transporter 1-mediated
glycolysis in HCC cells [13]. In this study, we aimed to anal-
yse the exptession profile of FAM99A in different cancer
types. We investigated the functional links between IncRNA
FAM99A and hepatic cancer in terms of gene expression
differences, CNVs, DNA methylation level, and infiltration
status of immune cells using datasets from TCGA, Gene
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Expression Omnibus (GEO), and Genotype-Tissue Expres-
sion (GTEx) databases.

2 | MATERIALS AND METHODS

21 | Exptession feature

We downloaded the expression dataset of FAM99A
[ENSG00000205866] gene and relative clinical traits from
TCGA, GSE76427, and GSE64041 projects using R scripts,
and determined the expression differences between the tissues
of 33 types of cancers and negative controls using the Wil-
coxon test. Bodymap with the indicated median expression
values in LIHC, cholangiocarcinoma (CHOL), and testicular
germ cell tumours (TGCT) tissues and normal controls was
obtained through the Gene Expression Profiling Interactive
Analysis 2 (GEPIA2) tool (http://gepia2.cancet-pku.cn/
#analysis). GEPIA2 can be used to determine the gene
expression differences between the tumour tissues and normal
controls based on TCGA datasets [14, 15]. Since normal
controls are missing for some types of cancer in TCGA, we
obtained negative controls from the GTEx project. RNA-
sequencing datasets of TCGA/GTEx with batch cotrection
were obtained from University of California Santa Cruz
(UCSC) Xena browser (https://xenabrowset.net/datapages/)
through the Toil process [16]. After log2 transformation of the
data, we conducted an expression comparison analysis.

We extracted the paired expression dataset of carcinoma
and adjacent non-carcinoma tissues to perform the Wilcoxon
signed-rank test. The results were visualised using the ggplot2
R package. Receiver operating characteristic (ROC) analyses of
‘Normal versus Tumout’ tissues for FAM99A expression levels
in LIHC, CHOL, and TGCT were conducted using a pROC R
package. ROC with area under the curve (AUC) was plotted
using the ggplot2 R package. The expression differences of
FAM99A wete assessed in different groups of clinical traits for
LIHC or CHOL, such as T/M/N pathologic stage, histologic
grade, vascular invasion, residual tumour, age, gender, and race
of the patient. Furthermore, we performed the Kruskal—-Wallis
and Dunn's tests to determine the statistical differences among
three or more than three groups, and the Wilcoxon test to
compare two groups.

2.2 | Survival status

Kaplan—Meier plotter  (http://kmplot.com/analysis/index.
phprp=service&cancer=liver_rnaseq) was used to analyse the
overall survival (OS), relapse-free survival (RFS), progression-
free survival (PFS), and disease-specific survival (DSS) in he-
patic cancer cases within TCGA [17]. We also examined some
clinical traits in the survival analysis. We analysed the OS, PES,
and DSS in CHOL cases within TCGA-CHOL cohort using
survival and Survminer R packages. Furthermore, we con-
ducted univariate/multivariate  Cox survival analyses of
FAM99A expression and OS in hepatic cancer cases of

GSE76247 TCGA-LIHC cohort using the survival R package.
p values and hazard ratios (HRs) with 95% confidence intervals
were calculated.

2.3 | Copy number variation

CNV analysis of IncRNA FAM99A was conducted for hepatic
cancer cases within TCGA-LIHC projects using GSCALite
(http:/ /bioinfo.life.hust.edu.cn/web/GSCALite/) [18]. When
conducting correlation analysis of continuous variables in the
whole study, we performed the Shapiro—Wilk normality test to
determine whether the variables were normally distributed.
Pearson correlation analysis was conducted if the variables
showed normal distribution, otherwise, the Spearman corre-
lation analysis was conducted. The data of the rank variables
were analysed using the Spearman correlation test. We con-
ducted Spearman's correlation analysis between CNVs and

expression levels of FAM99A.

2.4 | DNA methylation

We used MEXPRESS to analyse the DNA methylation status
of FAM99A [19, 20]. Pearson cotrelation analysis was used to
determine the statistical correlation between DNA methylation
and expression level of FAM99A. Multiple hypothesis testing
was used to calculate the correlation coefficients and
Benjamini—-Hochberg (BH)-adjusted p values for different
methylation probes, such as ¢g24218935, cg01745044,
cg04353359, cg04938738, and cg25356611.

2.5 | FAM99A-correlated gene entichment
Hepatic cancer cases in TCGA-LIHC project were divided into
high and low expression groups based on the median value of
FAMY9A gene expression. We used the DESeq2 R package [21]
for IncRNA FAM99IA-correlated differential genes. We used the
following parameters: |log2 fold change|>2 and p adj < 0.01.
Volcano plots were generated using the ggplot2 R package. Next,
enrichment analyses of the Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways were
conducted. Based on the hallmark gene sets, gene set enrichment
analysis (GSEA) with the normalised enrichment score was
conducted and p. adjust and false discovery rate were calculated
using clusterProfiler and ggplot2 R packages [22]. Using the
Search Tool for the Retrieval of Interacting Genes/Proteins
database (http://string-db.org) [23], we analysed FAM99A-
associated protein—protein interactions (PPIs) using igraph and
ggraph R packages.

Spearman's correlation analysis of FAM99A was conducted
using the Stat R package. We plotted a heat map targeting
FAM99A-correlated genes using the ggplot2 R package. Then,
a Venn diagram between the differential genes (Diff) and
Spearman cortelated genes (Cot) of FAM99A was plotted
using the ggplot2 R package. We used the Shapiro—Wilk
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normality test to determine the correlation between FAM99A
and some target genes, such as FAM99B, AP006285.1, and
LINC02708. GO/KEGG pathway enrichment analyses were

also conducted based on the common genes.

2.6 | Infiltration status of immune cells

We evaluated the tumour purity using the ESTIMATE R
package [24] and analysed the statistical differences in the
STROMAL, IMMUNE, and ESTIMATE scores between the
high and low expression groups of FAM99A using a Wilcoxon
test. Spearman cotrelations between FAM99A and the three
indices of tumour purity were also determined. Furthermore,
the correlation between FAM99A expression and tumour
infiltration levels of a group of immune cells was analysed
using the single-sample GSEA (ssGSEA) with the GSVA R
package [25, 26]. Wilcoxon test was performed to explore the
between
FAM99A high and low exptession groups. Spearman's cotte-

differences in the infiltration of immune cells

lation analysis was used to determine the correlation between
FAM99A expression and degtee of immune cell infiltration.
In this study, some R-language analyses were conducted
with the help of the Xiantao academic platform (https://www.
xiantao.love/products). We provided the R scripts in Table S1.

3 | RESULTS

3.1 | Flow chart of analysis

Figure 1 presents the flowchart. Briefly, based on the datasets
from TCGA, GTEx, GSE76427, and GSE(64041, the expres-
sion profile of FAM99A in 33 types of cancets was analysed.
Furthermore, survival analyses (Kaplan—-Meier and Cox) were
conducted for CHOL and hepatic cancers. We also investigated
the correlation between FAM99A expression and a group of
factors targeting hepatic cancer, including clinical traits, DNA
methylation, CNV, immune cell infiltration, and tumour purity.
Additionally, we obtained the differential genes for GO,
KEGG, GSEA, and PPI analyses. After interaction analysis of
these differential genes and FAM99A-correlated genes, we
obtained a total of 49 common genes for another enrichment
analysis of GO-KEGG.

differential
genes

3.2 | Expression profile analysis

The expression profile of FAM99A in different cancers was
analysed based on TCGA, GTEx, and GEO databases.
Compared with normal tissues, FAM99A was expressed at low
levels in LIHC and CHOL tumour tissues (Figure 2a, p < 0.001).
After the inclusion of normal controls for GTEx, we observed
similar results for LIHC and CHOL (Figure 2b, p < 0.001). In
addition, we observed a statistically significant difference be-
tween TGCT tissues and GTEx controls (Figure 2b, p < 0.001).
Furthermore, we extracted the datasets of TCGA-paired sam-
ples to determine the expression difference between carcinoma
and adjacent non-carcinoma tissues. Similar positive results were
obtained for both LIHC and CHOL (Figure 2c, p < 0.001). In
addition, as shown in Figure 2d, the ROC analysis data of
‘Normal versus Tumour’ confirmed the classification effect of
FAM99A expression for TGCT (AUC 0.950), LIHC
(AUC = 0.825), and CHOL (AUC = 1.000). We also demon-
strated the interactive bodymap of IncRNA FAM99A
(Figure S1). In addition to TCGA, the difference in FAM99A
expression between the HCC and adjacent normal tissues was
analysed in the GSE64041 and GSE76427 datasets. We also
observed a lower expression of FAM99A in HCC tissues than in
the normal controls (Figure 2e, all p < 0.05).

The statistical difference in FAM99A exptession in the
different groups of clinical traits of LIHC or CHOL was also
determined. As shown in Figure 3, we observed the statistical
difference of FAM99A exptession for LIHC in the groups of
“T'1 versus T2’ (p = 2.2 x 1077), “T'1 versus T3 (p = 0.03),
‘Stage I versus Stage IT” (p = 8.9 x 107, ‘Stage I versus Stage
IT/TV’ (p = 4.0 x 107), ‘G1 versus G3’ (p = 4.4 x 107°), ‘G2
versus G3” (p = 2.0 x 1077, ‘No versus Yes (Vascular inva-
sion)” (p = 3.6 X 107°), but not other groups. With regard to
CHOL, there was a statistical difference in FAM99A expres-
sion for the sex groups (Figure S2, p = 1.9 x 1077), but not for
the other groups.

3.3 | Survival analysis

The relationship between FAM99A expression status and the
clinical prognosis of hepatic cancer and CHOL was analysed.
There were lower rates of OS (Figure 4a, HR 0.56,
p = 0.0014), PFS (HR = 0.62, p = 0.0035), RFS (HR = 0.63,
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FIGURE 1 Flow chart of the study.
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FIGURE 2 Expression profile analysis of IncRNA family with sequence similarity 99 member A (FAM99A). (a) Expression profiles of FAM99A gene in
different cancer and corresponding control tissues in TCGA project were analysed. (b) Data of normal tissues within the GTEx database were combined with
those of controls within TCGA databases. Wilcoxon test was used for statistical analysis. (c) Paired expression dataset of carcinoma and adjacent non-carcinoma
tissues on TCGA was extracted to perform the Wilcoxon signed-rank test. ***p < 0.001. (d) ROC analyses of ‘Normal versus Tumout’ tissues for FAM99A
expression levels in LIHC, CHOL, and TGCT were conducted using a pROC R package. (¢) Expression differences of FAM99A between the carcinoma and
adjacent non-carcinoma tissues within GSE64041 and GSE76427 datasets were determined using the Wilcoxon signed-rank test. CHOL, cholangiocarcinoma;
GTEX, genotype-tissue expression; LIHC, liver hepatocellular carcinoma; IncRNA, long non-coding RNA; ROC, receiver operating characteristic; TCGA, The
Cancer Genome Atlas; TGCT, testicular germ cell tumours.

p = 0.011), and DSS (HR = 0.56, p = 0.015) in patients with positive conclusion for the cholangio carcinoma (Figure 4b).
hepatic cancer in the FAM99A low expression group than in  Therefore, in this study, we focussed on hepatic cancer. We
the high expression group. However, we did not obtain a performed further survival analyses after grouping the samples
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FIGURE 3 Expression correlations between IncRNA FAM99A expression and clinical traits in LIHC. Wilcoxon test or Kruskal-Wallis test/Dunn's test
was performed to analyse the statistical differences between FAM99A expression levels and the clinical traits in LIHC, including (a) T/M/N pathologic stage,
histologic grade; (b) adjacent hepatic tissue inflammation, fibrosis ishak score, Child—Pugh graph, vascular invasion, residual tumour; (c) age, gender, race, weight,
height; (d) BMI, albumin (g/dL) levels, AFP (ng/mlL), and prothrombin time. AFP, alpha fetoprotein; BMI, body mass index; LIHC, liver hepatocellular

carcinoma; IncRNA, long non-coding RNA.

according to different clinical factors. The results in Tables S2—
S5 suggested that the lowly expressed FAM9IIA was linked to
the worse survival in all the subgroups of ‘male’, ‘pathologic
stage 3’, ‘grade 3’, and ‘American Joint Committee on Cancer
(AJCO)_T3 (all HR <1, p < 0.05), but not subgroup of
‘female’.

Moreover, univariate and multivariate Cox analyses
regatding FAM99A expression and clinical traits were con-
ducted using the data from GSE76427 and TCGA-LICH
respectively. For the GSE76427 cohort, we failed
observe positive conclusions in both univariate and multi-
variate Cox analyses (Table S6, all p > 0.05). However, it
should be noted that only 95 HCC cases and four clinical
traits were included in the multivariate Cox analysis. The

to

result of the multivariate Cox analysis also indicated a nega-
tive association between the pathologic stage and poor clin-
ical outcome of HCC patients within the GSE76427 cohort
(Table S6, p > 0.05). The results of the Cox analysis based on
a larger sample size and clinical information can yield more
objective and effective conclusions. Thus, a total of 346 he-
patic cancer cases and 12 types of clinical traits (e.g. gender,
age, pathologic stage, histologic grade, tumour status, adjacent
hepatic tissue inflammation, residual tumour, race, fibrosis
ishak score etc.) were included in the Cox analyses of TCGA-
LIHC cohort. As shown in Table S7, there was a link be-
tween low FAM99A expression and wotse survival outcomes
of hepatic cancer patients within TCGA-LIHC cohorts in
both univariate (HR = 0.888, p = 0.027) and multivariate
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FIGURE 4 Survival curve analysis of IncRNA FAM99A in hepatic cancer and cholangiocarcinoma. (a) Analyses of OS, RFS, PFS, and DSS in hepatic
cancer cases according to the expression levels of FAM99A gene using Kaplan—Meier Plotter. (b) Analyses of OS, PFS, and DSS in cholangiocarcinoma cases

using the survival and survminer R packages. DSS, disease-specific survival; HR, hazard ratio; IncRNA, long non-coding RNA; OS, overall survival; PFS,

progression-free survival; RFS, relapse-free survival.

(HR = 0.885, p = 0.042) Cox analyses. Positive conclusions
were obtained for two other clinical factors, namely patho-
logic stage (Table S7, HR > 1, p < 0.001) and tumour status
(Table S7, HR >1, p < 0.01).

3.4 | CNV analysis

Next, the CNV status of FAM99A and another family mem-
bet, FAM99B (family with sequence similatity 99 member B)
was examined. As shown in Figure 5a,b, we did not observe
copy number variations in the majority of hepatic cancer cases,
and heterozygous amplification/heterozygous deletion in the
limited cancer cases. Furthermore, we did not detect a strong
correlation between CNV and expression of IncRNA FAM99A
(Figute 5¢). Thus, copy number variations in FAM99A may not
play an essential role in hepatic tumourigenesis.

3.5 | DNA methylation analysis

We attempted to exploit the potential molecular mechanism of
FAM99A DNA methylation for LICH, CHOL, and TGCT.
Based on TCGA-LIHC methylation data, we found that
FAM99A gene expression was negatively correlated with the
methylation signal values of five methylation probe sites:
cg24218935 (Figure 6, r = —0.397, p < 0.001), cg01745044
(r = —0.359, p < 0.001), cg04353359 (r = —0.564, p < 0.001),
cg04938738 (r = —0.421, p < 0.001), and cg25356611
(r = =0.395, p < 0.001). The similar result was detected for

CHOL (Figure S3, cg04353359, r = —0.513, p < 0.001;
cg04938738, r = —0.465, p < 0.01; cg25366611, r = —0.435,
p < 0.01). However, we found a positive correlation between
the expression level and the four methylation probe sites of
FAM99A for TGCT (Figure S4, 7 > 0, p < 0.01). This suggests
a potential role of FAM99A DNA methylation in hepatobiliary
tumourigenesis.

3.6 | Enrichment analysis

We screened for differential genes between FAM99A high and
low expression groups. As shown in Figure 7a, 173 differential
genes were obtained. Of these, FAM99B and PCSK1 (pro-
protein convertase subtilisin/kexin type 1) showed a statisti-
cally significant difference (Figure 7a). Based on these genes,
we performed the GO (Figure 7b) and KEGG (Figure 7c¢)
enrichment analysis and identified the presence of a group of
cellular issues or pathways, such as ‘receptor ligand activity’,
‘carbohydrate binding’, ‘response to metal

ion’, ‘protein
digestion and absorption’, ‘calcium signalling pathway’.
Further, the hallmark gene set-based GSEA data (Figure 7d)
indicated the enriched cell cycle-related tissues, including ‘G2M
checkpoint’ and ‘MYC targets’. The data of the PPI network
(Figure 7¢) further suggested that these FAM99A-associated
differential genes, such as CPA1 (carboxypeptidase A1), PRSS1
(serine protease 1), and PRSS3P2 (PRSS3 pseudogene 2), may
interact with each other at the protein level to form an inter-

action network and participate in the regulation mechanism of

FAM99A.
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In addition to the above differential genes (Diff), we also
obtained a set of FAM99A expression-correlated genes (Cor)
through Spearman correlation analysis. As shown in Figure 8a,
we showed the heatmap data of the FAM99A expression-
correlated  genes (eg FAM99B, LINC02708, and
AP009285.1) (all p < 0.001). After interaction analysis of Diff

and Cor, we obtained 49 common genes (Figure 8b). The
correlation data between FAM99A and targeted FAM9I9IB,
AP006285.1, and LINC02708 genes (Figure 8b). GO and
KEGG enrichment analyses further indicated the presence of
several cellular issues, such as ‘response to alcohol’, ‘cellular
response to calcium ions’, and ‘cortisol synthesis and secretion’
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were obtained and volcano plot was created using the DESeq2 and ggplot2 R packages. GO (b), KEGG pathway (c) enrichment analyses and GSEA (d) of

FAM99A-correlated significant genes wete conducted using clusterProfiler and ggplot2 R packages. FAM99A-associated PPIs were analysed using the igraph

and ggraph R packages (e). GO, Gene Ontology; GSEA, gene set enrichment analysis; KEGG, Kyoto Encyclopedia of Genes and Genomes; IncRNA, long non-

coding RNA; PPIs, protein—protein interactions; TCGA-LIHC, The Cancer Genome Atlas-liver hepatocellular carcinoma.

(Figure 8c). These results suggest a functional link between

biochemical =~ metabolism-related  events and  hepatic
tumourigenesis.
3.7 | Immune cell infiltration analysis

Finally, we used the ESTIMATE R package to analyse the
potential relatdonship between FAM99A expression and
tumour purity. As shown in Figure 9a, we obtained a weak
correlation between FAM99A expression and the STROMAL
score (r = 0.110, p = 0.041), but not for ESTIMATE and
IMMUNE scores (all p > 0.05). Furthermore, we observed a
statistically significant difference in the STROMAL score be-
tween the FAM99A4 high and low groups (Figure 9b,
p=55x 107?). The ssGSEA data (Figure 9¢) further showed
a correlation between FAM99A expression and the infiltration
levels of several immune cells, such as dendritic cell (DC),
Tregs, and T helper cells. We observed a similar difference in
the infiltration of some immune cells, including B cells, cyto-
toxic cells, DC, natural killer (NK) cells, neutrophils, Th17
cells, and Tregs (Figure 9d, p < 0.05). Detailed Spearman

correlation data are shown in Figure S5. A positive correlation
was detected for DC (p < 0.001), Tregs (p < 0.001), Th17 cells
( < 0.001), B cells (p = 0.002), cytotoxic cells (p = 0.003), and
NK cells (p = 0.005). These results suggest a potential link
between FAM99A expression and the infiltration status of
certain immune cells.

4 | DISCUSSION

Using the available cancer datasets from TCGA, GSE76427,
and GSEG64041, we discovered that IncRNA FAM99A is
mainly expressed in liver-related cancers, namely HCC and
CHOL. Compated to the adjacent controls, IncRNA FAM99A
is expressed at low levels in hepatic cancer tissues, suggesting
that FAM99A may be a liver-specific tumour suppressor gene.
Nevertheless, only 36 CHOL tissues and five adjacent control
tissues were considered in TCGA-CHOL project. In addition,
we did not obtain positive results in the clinical prognostic
analysis. For TGCT, there showed the lowly expressed
FAM99A in the tumour tissues, compared with the normal
tissues of GTEx. Normal controls were not available for
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TCGA project. Therefore, in this study, we focussed only on
the correlation between IncRNA FAM994 and CHOL.
Despite this, we cannot rule out the potential regulatory role of
IncRNA FAM99A in the initiation and progression of CHOL,
considering the link between non-coding RNAs and CHOL
[27]. Our Kaplan—Meier and Cox survival analysis data indi-
cated a statistical correlation between low expression of the
FAM99A gene and pooter prognosis status of hepatic cancer
patients, which is in line with the conclusion of one publication
[12]. In addition, we found that there was a statistical expres-
sion reference for FAM99A among different pathologic stages

(stages I-IV). When hepatic cancer samples were grouped
according to the clinical information, the positive association
between lowly-expressed FAM9IA and poor sutrvival out-
comes exists in the subgroups of ‘pathologic stage 3°, ‘grade 3’,
‘AJCC_T?’. It is important to note that we observed a corre-
lation between FAM99A gene expression and the clinical
prognosis of male hepatic cases, but not in female patients.
This suggests that the prognostic warning ability of the lowly
expressed FAM9IIA gene may increase with the tumour dif-
ferentiation process or pathological state in male patients with
hepatic cancer.
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FIGURE 9 Correlation between IncRNA FAM99A expression and tumour purity/immune cell infiltration. We evaluated the tumour purity and determined
the STROMAL, IMMUNE, and ESTIMATE scores using the ‘ESTIMATE’ R package. (a) Spearman cortelations between FAM99A levels and three indices of
tumour purity were determined. (b) Wilcoxon test was used to analyse the statistical differences between high and low expression groups of FAM99A.

(¢) Through ssGSEA using the GSVA R package, the FAM99A expression and tumour infiltration levels in the immune cells, including DCs, B cells, CD8 T cells,
cytotoxic cells, eosinophils, iDCs, macrophages, mast cells, neutrophils, NIKK CD56 bright cells, NK CD56 dim cells, NK cells, pDC, T cells, T helper cells, Tcm
cells, Tem cells, Tth cells, Tgd cells, Th1 cells, Th17 cells, Th2 cells, and Tregs, were analysed. (d) Wilcoxon test was performed to analyse the infiltration
differences of immune cells between the high and low expression groups of FAM99A. *p < 0.05, **p < 0.01, ns p > 0.05. DCs, denderitic cells; NK, natural killer;

ssGSEA, single-sample gene set enrichment analysis.

LncRNA FAM99A 151489945 was teported to be linked to
maternal mean arterial blood pressure in a Cambridge birth
cohort [9]. Therefore, we explored the mutation and CNV
status of FAM99A in this study. Our findings showed a very
low genetic mutation frequency of FAM99A in cancer, which
did not significantly correlate with the gene expression or
clinical prognosis (data not shown). We also did not observe a
high frequency of CNV or a strong correlation between
FAM99A expression and CNV. In addition, considering the
links between cellular immune responses and hepatic cancer
[28], we also analysed the correlation between IncRNA
FAM99A expression and the signatures of the following im-
mune cells: central memory T cells, effector memory T cells,

effector T cells, effector Tregs, exhausted T cells, native T cells,
Th1 like cells, and resting Tregs. However, no strong correla-
tions wete observed.

The DNA methylation status of RNA is closely related to
gene expression and carcinogenesis in hepatic cancer [29, 30].
Eukaryotic IncRNAs also participate in the metastasis and
prognosis of HCC through regulating chromatin remodelling
and methylation [31, 32]. High methylation levels of the five
methylated probe sites (cg24218935, cg01745044, cg04353359,
cg04938738, and cg25356611) were negatively correlated with
low expression levels of FAM99A. We found that the
cg24218935 and cg04353359 sites were in the promoter region,
whereas cg01745044, cg04938738, and cg25356611 were in the
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non-promoter region. It is worthwhile to further explore the
synetgistic role of different methylation sites of FAM994 in
the expression level and survival prognosis of patients with
hepatic cancer.

As a downtegulated gene in preeclampsia, FAM99A
participates in the regulation of invasion, migration, and
apoptosis of trophoblasts [10]. We analysed several genes
related to FAM99A expression. Among these, we observed a
high degree of expression consistency between FAM99A and
FAM99B. The IncRNA FAM99B was reported to inhibit
cellular proliferation, migration, and invasion in only one
study [33]. Such cellular function attributes may also be
involved in the role of FAM99A in hepatic tumourigenesis
and progression. In addition, we performed enrichment an-
alyses based on FAM99A expression-related genes. A set of
biological events, including the ‘receptor ligand activity’, the
‘G2M  checkpoint’,
‘response to alcohol’, and the ‘calcium signalling pathway’,

‘protein  digestion and absorption’,
were obtained. The molecular mechanism underlying the role
of DNA methylation or competing endogenous RNA net-
works of FAM99A in the above biological activites require
further investigation.

Our study has some limitations. We only conducted bio-
informatic analysis on the available samples collected from
TCGA and GEO databases, without further exploration of the
underlying mechanisms in cell and animal experiments. Very
few clinicopathological parameters were included in the Cox
survival analysis of GSE76247. Although there were statistical
differences, we only observed a weak relationship between
FAM99A expression and the infiltration status of several im-
mune cells, such as DCs, NK cells, and neutrophils. Additional
experimental evidence is required to support this correlation.
Moreover, we could not conduct a more in-depth analysis of
FAM99A exptession in TGCT and CHOL, which requites
further elucidation.

To the best of our knowledge, this is the first study to
perform an in silico investigation of the expression patterns of
IncRNA FAM99A in 33 types of cancer. FAM99A was highly
expressed in normal cholangiocytes and hepatocytes and
downregulated in HCC and CHOL. The lowly expressed
IncRNA FAM994 was further identified as a prognostic gene
for HCC. Several methylation sites were significantly correlated
with FAM99A expression. Mechanistically, various cellular
biochemical metabolic or cell cycle-related pathways and the
infiltration of immune cells, such as DCs, NK cells, and neu-
trophils, were correlated with FAM99A exptession in hepatic
tumourigenesis. However, these findings need to be validated
using cell molecular experiments in the future.
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