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Serine palmitoyltransferase long chain subunit 3 is associated
with hepatocellular carcinoma in patients with NAFLD
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Abstract. The prevalence of non-alcoholic fatty liver disease
(NAFLD) is continuously increasing, with the proportion of
patients with liver carcinogenesis due to non-alcoholic steato-
hepatitis (NASH) rising accordingly. Although it is important
to identify individuals with hepatic carcinogenesis among
patients with NAFLD, useful biomarkers have not yet been
established. Previously, in a mouse model of diabetes mellitus
without genetic modifications, we reported that a high-fat diet
increases serine palmitoyltransferase long chain subunit 3
(SPTLC3) expression in liver tissue, accompanied by high
frequency of liver carcinogenesis. Serine palmitoyltransferase
(SPT) catalyzes the metabolism of fatty acids, particularly
sphingolipid synthesis, and SPTLC3 has been identified as its
catalytic subunit, but its role in liver disease is unclear. In the
present study, the importance of SPTLC3 in NAFLD devel-
opment was investigated. SPTLC3 mRNA expression was
observed in a liver cancer cell line and in liver tissues from
patients with NAFLD and liver cancer. In total, 99 patients
with NAFLD (66 without hepatocellular carcinoma (HCC)
and 33 with HCC were recruited, having been diagnosed by
liver biopsy or imaging, along with 6 healthy volunteers (HVs).
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Serum was collected from patients and HVs, and SPTLC3
level was assessed by ELISA. SPTLC3 expression was higher
in non-cancerous compared with that in cancerous liver
tissues. Serum SPTLC3 levels were negatively correlated with
platelet count and positively correlated with hyaluronic acid
levels, suggesting an association with liver fibrosis. Moreover,
SPTLC3 levels were significantly higher in the HCC group
than in the HV and NAFLD groups. Multivariate analysis of
HCC-related factors identified platelets, alanine transferase,
albumin and SPTLC3 as independent factors associated
with HCC. Furthermore, in patients with other chronic liver
diseases (hepatitis B and C, and alcoholic liver disease), no
significant differences in serum SPTLC3 levels were observed
between patients with or without HCC. Thus, SPTLC3 expres-
sion increases specifically with the progression of NAFLD.
Overall, the present results indicate that SPTLC3 may be
involved in the development of liver carcinogenesis during
NAFLD.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a condition in
which fatty liver is diagnosed histologically or using imaging
in the absence of other liver diseases, such as alcoholic liver
disease (ALD). Considering that the onset of NAFLD is a
consequence of obesity, diabetes, dyslipidemia, hypertension
or other metabolic disorders, it is currently considered as a
liver phenotype of metabolic syndrome, and, in recent years,
a concept known as metabolic-associated fatty liver disease
(MAFLD) has been proposed (1).

NAFLD progression is histologically characterized by
large hepatic lipid droplets and is classified into non-alcoholic
fatty liver, in which the condition hardly progresses, and
non-alcoholic steatohepatitis (NASH), in which the condition
progresses and may subsequently lead to cirrhosis and liver
cancer.

The global prevalence of NAFLD increased from 20.1% in
2000-2005 to 23.8% in 2006-2010 and 26.8% in 2011-2015 (2).
Changes in the prevalence of NASH are not fully known, but
it is thought to increase in parallel with an increase in NAFLD
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prevalence. In Japan, there were 660,000 patients with NAFLD
and advanced fibrosis of stage 3 or higher in 2016, and this is
expected to increase to 990,000 by 2030 (3).

The rate of liver carcinogenesis from NAFLD is as low
as 0.44/1,000 person-years (2); however, the risk reportedly
increases with the progression of liver pathology to 5.29/1,000
person-years for NASH and 20/1,000 person-years for cirrhosis
in Japan (4). Although this is low compared to the carcino-
genesis rate from other liver diseases, as aforementioned,
the prevalence of NAFLD is extremely high, and a Japanese
nationwide survey on patients with hepatocellular carcinoma
(HCC) revealed that the proportion of patients with non-viral
etiologies, including NAFLD, had increased from 10.0% in
1991 to 32.5% in 2015, and is continually increasing (5).

Regarding prognosis, liver disease-related mortality in
patients with NAFLD increases with the progression of liver
fibrosis (6), with liver fibrosis being reported as the factor
most significantly associated with prognosis among other
pathological findings in NAFLD (7).

Serine palmitoyltransferase (SPT) catalyzes fatty acid
metabolism, particularly sphingolipid synthesis, and serine
palmitoyltransferase long chain base subunit 3 (SPTLC3)
has recently been identified as its catalytic subunit; however,
its association with and contribution to liver disease remain
unclear. We previously demonstrated that SPTLC3 was highly
expressed in the liver tissue in a mouse model of NASH, which
frequently displays hepatocellular carcinoma (HCC) (8).

Herein, the present study aimed to analyze the association
between SPTLC3 and NAFLD pathological progression, as
well as liver carcinogenesis, by examining SPTLC3 expres-
sion in human liver cancer cell lines and human serum/liver
tissues.

Materials and methods

Patients and sample collection. In total, 99 patients diagnosed
with NAFLD (66 without HCC and 33 with HCC) and 6
healthy volunteers (HVs) were recruited at the Digestive and
Lifestyle Diseases, Kagoshima University Graduate School
of Medical and Dental Sciences between August 2016 and
June 2020. The patient population consisted of 27 men and
62 women with a median age of 58 years (range, 22-86 years).
NAFLD was diagnosed based on the clinical guidelines of
the American Association for the Study of Liver Diseases (9)
and The European Association for the Study of the Liver (10).
Patient inclusion criteria were as follows: i) 5% or more of
liver cells containing lipid droplets detected by liver biopsy, or
evidence of fatty liver on using ultrasound (US) or computed
tomography (CT) imaging; and ii) daily alcohol intake of
<30 g for men and <20 g for women and negativity for hepatitis
virus markers to exclude viral liver disease and autoimmune
liver diseases. Those who met both i) and ii) were diagnosed
with NAFLD (9,10). The diagnosis of HCC was made by a
radiologist and a hepatologist using contrast-enhanced CT
or contrast-enhanced MRI. Subjects were considered as HVs
if they had no history of lifestyle-related diseases, including
NAFLD. Serum was collected from both the NAFL/NASH
groups (without HCC) and the HCC group on the day of the
first visit to the Digestive and Lifestyle Diseases, in the blood
laboratory of the Kagoshima University Graduate School of

Medical and Dental Sciences, on the day before the biopsy
and before the intervention, in the period between August
2016 and June 2020, in order to evaluate SPTLC3 concen-
tration using ELISA, and the levels of blood biochemical
parameters [platelet count, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), y-glutamyl transferase, total
bilirubin, albumin, prothrombin index, low-density lipopro-
tein cholesterol (LDL-Chol), triglyceride, glucose, HbAlc,
hyaluronic acid, a-fetoprotein (AFP) and des-y-carboxy
prothrombin (DCP)] were also analyzed. Blood biochemical
parameters were evaluated via routine laboratory tests that
were conducted at the same time as the SPTLC3 assay.
Furthermore, as a combination of clinical and routine labora-
tory parameters of liver fibrosis, fibrosis index based on the
four factors (FIB-4 index) [age (year) x AST (U/l)/{platelet
count (1x10°%/1) x VALT (U/D}] (11-13) and AST to platelet
ratio index (APRI) [AST/upper limit of normal x 100)/platelet
count] were calculated based on the aforementioned blood
biochemical parameters (13,14). Non-tumor and tumor parts
were collected from the surgical specimens of patients with
NAFLD and HCC.

In addition to the patients mentioned earlier, serum
SPTLC3 levels were measured in 31 patients with hepatitis B
virus (HBV), 36 patients with hepatitis C virus (HCV) and
24 patients with alcoholic liver disease (ALD). Patients posi-
tive for serum HBs antigen were considered to have HBV;
those positive for HCV antibody were considered to have
HCV; and those with daily alcohol intake >60 g were classed
as patients with ALD. The patients with HBV, HCV and ALD
consisted of patients both with and without HCC at the time
of the SPTLC3 assay. In the present study, the SPTLC3 values
were compared between both groups.

The present study was approved by the Ethics Committee
of Kagoshima University Hospital (approval no. 28-107) and
written informed consent was obtained from all the patients.
All procedures were performed in accordance with the World
Medical Association's Declaration of Helsinki.

Reverse transcription-quantitative (RT-q)PCR. SPTLC3
expression levels were assessed in human liver cancer cell
lines and human liver tissues. HepG2, Huh7 and Hep3B cells
(obtained from Sumitomo Dainippon Pharma Co., Ltd.) were
selected as the liver cancer cell lines; HT29 and HCT116
cells (obtained from DS Pharma Biomedical Co., Ltd.)
were selected as the colorectal cancer cell lines; and Pancl
cells (obtained from DS Pharma Biomedical Co., Ltd.) were
selected as the pancreatic cancer cell line. Regarding the liver
tissues, non-tumor and tumor sections were collected from
the surgical specimens of patients with NAFLD and HCC, as
aforementioned. Total RNA was extracted from cells and liver
tissues using the TRIzol® reagent (Thermo Fisher Scientific,
Inc.). RNA purity was confirmed by spectrophotometry,
and A260/A280 ratios ranged from 1.9 to 2.1. First-strand
cDNA was synthesized from 500 ng of total RNA using a
PrimeScript RT Master Mix (Takara Bio Inc.) according to the
manufacturer's protocol. Real-time PCR was performed using
TB Green Premix Ex Taq II (Takara Bio Inc.) and the ABI
Prism 7700 sequence detection system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). Data were collected and
analyzed using the Step One Plus Real-Time PCR System
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Table I. Oligonucleotide sequence of primers for quantitative reverse transcription-quantitative PCR.

Genes Forward primer (5'—3") Reverse primer (5'—3'")
SPTLC3 GCTCGGTTTTGTGTTTCAGCGG TGCCGGGAATATTTCAGTTGCAAG
ACTB TGGCACCCAGCACAATGAA CTAAGTCATAGTCCGCCTAGAAGCA

SPTLC3, serine palmitoyltransferase long chain subunit 3; ACTB, B-actin.

(Applied Biosystems; Thermo Fisher Scientific, Inc.). Relative
gene expression values were calculated using the comparative
AACq method (15) and the Cq values were normalized to
those of B-actin. The PCR conditions were as follows: Initial
holding period at 95°C for 30 sec, followed by 40 cycles of a
two-step program consisting of denaturation at 95°C for 5 sec
and annealing, and polymerization at 60°C for 34 sec (16). The
primer sequences used in this study are provided in Table I.

ELISA. SPTLC3 levels were assessed in the serum from
patients with NAFLD and HVs using the ELISA kit For Serine
Palmitoyltransferase, Long Chain Base Subunit 3 (SPTLC3)
from Cloud-Clone Corp. (cat. no. SEH136Hu) according to the
manufacturer's protocol.

Statistical analysis. Results are presented as the mean or
median. At least two repeated experiments were conducted.
Statistical analyses were performed using IBM SPSS
version 23 (IBM Corp.). For the test method, Fisher's exact
test, Mann-Whitney U test, Wilcoxon's signed-rank test,
Spearman's rank correlation coefficient and Tukey's HSD test
were used. All possible models of binomial logistic regres-
sion analysis were used for the multivariate analysis. Items
that were significant in the univariate analysis were used as
reference for the selection of possible variables. Data were
considered statistically significant when P<0.05.

Results

Human liver cancer cell lines express high levels of SPTLC3.
The expression of SPTLC3 was investigated in cancer cell
lines and found to be higher in HepG2, Huh7 and Hep3B cells
compared that in cell lines derived from the colon, rectum and
pancreas (Fig. 1).

SPTLC3 is highly expressed in non-tumor liver tissues in
patients with NAFLD. Subsequently, the difference in expres-
sion level of SPTLC3 was compared between non-tumor and
tumor regions of the liver in NAFLD patients with HCC. The
expression level was significantly higher in the non-tumor
sections compared with that in the tumor sections of the liver
(P=0.034; Fig. 2).

Comparison of clinical characteristics between the
NAFL/NASH and HCC groups. The association between the
clinical characteristics and SPTLC3 expression in patients with
NAFL/NASH was investigated. The results of the biochemical
tests performed in the NAFL/NASH group without HCC and
the group with HCC are shown in Table II. Compared with
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Figure 1. SPTLC3 mRNA levels of six cell lines assessed by reverse transcrip-
tion-quantitative PCR. Data are presented as the mean + SD (n=6 in each
group). SPTLC3, serine palmitoyltransferase long chain subunit 3.
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Figure 2. SPTLC3 mRNA expression in tumor and non-tumor areas of liver
tissues in 10 patients with non-alcoholic fatty liver disease-related hepato-
cellular carcinoma. Statistical analyses were performed using Wilcoxon's
signed-rank test. ‘P<0.05. N'T, non-tumor area; T, tumor area; SPTLC3, serine
palmitoyltransferase long chain subunit 3.

the NAFL/NASH group, the HCC group had lower platelet
count, ALT, albumin, triglyceride and LDL-Chol levels. The
patients were also older and exhibited higher HbAlc and hyal-
uronic acid levels. The levels of AFP and DCP, which are liver
tumor markers, were significantly elevated in the HCC group
(P<0.001). Notably, SPTLC3 levels were significantly higher
in the HCC group (P=0.001; Table II).
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Table II. Clinical characteristics of patients with NAFLD without vs. with HCC.

Characteristics NAFL/NASH (n=66) HCC (n=33) P-value
Sex (male/female) 24/42 13/20 0.827
Age (years) 51 70 <0.001
Platelet count (1x10%/ul) 239 129 <0.001
Aspartate aminotransferase (U/1) 71 39 <0.001
Alanine aminotransferase (U/1) 112.5 26 <0.001
v-Glutamyl transferase (U/1) 65.5 58 0.456
Total bilirubin (mg/dl) 0.7 0.7 0.278
Albumin (g/dl) 4.5 3.8 <0.001
Prothrombin index (%) 105 99 0.116
LDL cholesterol (mg/dl) 120 96 0.003
Triglyceride (mg/dl) 128 114 0.037
Glucose (mg/dl) 99 107 0.183
HbAlc (%) 6 6.5 0.043
Hyaluronic acid level (ng/ml) 353 181.1 <0.001
a-fetoprotein (ng/ml) 2.7 10 <0.001
DCP (mAU/ml) 23 42 <0.001
SPTLC3 (ng/ml) 0.935 1.343 0.001
FIB-4 index 1.3775 3.8333 <0.001
APRI 0.9999 0.9649 0.812
HCC stage (I/1I/III/TV) - 7/12/14/0 -
Tumor vascularity (hyper/hypo) - 30/3 -

Data are presented as medians or n-values. Statistical analyses were performed using Mann-Whitney U test and Fisher's exact test. NAFL,
non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis; NAFLD, non-alcoholic fatty liver disease; HCC, hepatocellular carcinoma;
LDL, low-density lipoprotein; DCP, des-y-carboxy prothrombin; SPTLC3, serine palmitoyltransferase long chain subunit 3; FIB-4 index,
fibrosis index based on the four factors; APRI, aspartate aminotransferase to platelet ratio index.

SPTLC3 is associated with advanced liver fibrosis. The asso-
ciation of platelet count and hyaluronic acid levels (which are
serum biomarkers of liver fibrosis) with SPTLC3 expression
were subsequently investigated. Serum SPTLC3 exhibited a
significant negative correlation with platelet count (P=0.008)
and a significant positive correlation with hyaluronic acid
levels (P=0.007; Fig. 3). Conversely, no significant correlations
were found with AFP or DCP levels, which are biomarkers
of HCC. Furthermore, FIB-4 index and APRI, which are a
combination of laboratory parameters indicating liver fibrosis,
were assessed. SPTLC3 expression level exhibited a signifi-
cant positive correlation with FIB4-index (P=0.007; Fig. 3).

SPTLC3 levels are significantly higher in patients with HCC.
Next, it was verified whether serum SPTLC3 levels increase during
the process of carcinogenesis. SPTLC3 serum levels of the HV,
NAFL/NASH and HCC groups were compared (Fig. 4). SPTLC3
levels were significantly higher in the HCC group compared with
those in the HV and NAFL/NASH groups (P<0.01).

SPTLC3 is associated with HCC. Subsequently, multivariate
statistical analysis was performed to determine whether
serum SPTLC3 level was associated with carcinogenesis.
Multivariate analysis of HCC-related factors was conducted
using 11 factors that were significantly higher (P<0.05) in
the HCC group following the univariate analysis; these

revealed that platelet COUNT, ALT, albumin and SPTLC3
levels were independent factors associated with HCC
(Table III).

SPTLCS3 is significantly elevated in liver cancer specifically
during NAFLD. SPTLC3 serum levels in patients with liver
disease of different etiologies were compared. Among patients
with HBV, HCV and alcoholic liver injury, the serum SPTLC3
levels of the non-HCC and HCC groups were compared, but no
significant increase was observed in the HCC group (P>0.05;
Fig. 5). Thus, it was confirmed that SPTLC3 levels increased
significantly only in the NAFLD patients with HCC compared
with those without HCC.

Discussion

In the present study, SPTLC3 mRNA was found to be highly
expressed in human liver cancer cell lines. In addition,
SPTLC3 was associated with the development of liver fibrosis
in NASH. Furthermore, serum SPTLC3 levels in patients with
liver cancer and NAFLD were significantly higher compared
with those in non-cancer-bearing patients.

Tabassum et al (17) performed genome-wide association
analyses of 141 lipid species, followed by phenome-wide
scans with 25 cardiovascular disease-related phenotypes.
They identified two variants near SPTLC3 and ZNF385D that
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Figure 3. Correlation between SPTLC3 expression and platelet count, hyaluronic acid levels, FIB-4 index and APRI. Hyaluronic acid is plotted on a loga-
rithmic axis. Statistical analyses were performed using Spearman's rank correlation coefficient. SPTLC3 was negatively correlated with platelet count and
positively correlated with hyaluronic acid levels and FIB-4 index, suggesting an association with liver fibrosis. SPTLC3, serine palmitoyltransferase long chain
subunit 3; FIB-4 index, fibrosis index based on the four factors; APRI, aspartate aminotransferase to platelet ratio index.
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Figure 4. Serum SPTLC3 levels in HVs, patients with NAFLD without
HCC and patients with both NAFLD and HCC. The horizontal lines in the
dot plot represent the median. Statistical analyses were performed using
Tukey's post hoc test and the Kruskal-Wallis test. “P<0.01. SPTLC3, serine
palmitoyltransferase long chain subunit 3; HVs, healthy volunteers; NAFL,
non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis; HCC, hepa-
tocellular carcinoma.

modulate the plasma levels of ceramide (CER) d18:1/24:1 and
d18:1/24:0, respectively, and this was associated with the risk

of intracerebral hemorrhage. Therefore, SPTLC3 has been
attracting attention as a lipid-related gene that may predict
cardiovascular disease risk.

SPT is a membrane-bound protein localized in the endo-
plasmic reticulum membrane in eukaryotes. It is a complex
with a molecular weight of 480 kDa, composed of three
different subunits (SPTLC1, SPTLC2 and SPTLC3). SPT as a
whole is composed of four dimers, including two subtypes of
dimers: SPTLC1 and SPTLC2; and SPTLCI1 and SPTLC3.
The N-terminus of SPTLCI binds to the endoplasmic reticulum
membrane, while the C-terminus binds to the paired SPTLC2 or
SPTLC3 in the cytoplasm and exhibits enzymatic activity (18).
Notably, silencing SPTLC3 expression in HepG2 or human
trophoblast cells using SPTLC3-specific siRNA significantly
attenuates intracellular SPT activity. This suggests that SPTLC3
represents a key subunit of SPT activity in liver cancer cells (19).

SPT is a rate-determining enzyme that metabolizes and
synthesizes membrane sphingolipids (20). CER, sphingo-
sine and sphingosine-1-phosphate, which are metabolites of
sphingolipids, act as intra- and intercellular lipid mediators
and are involved in cell proliferation, differentiation and
apoptosis (21,22).

As regards the association between NASH and sphingo-
lipids, non-diabetic obese patients with a fatty liver have higher
concentrations of CER and sphingomyelin (which is a type of
sphingolipid), in their adipose tissue, compared with patients
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Table III. Factors associated with HCC in patients with NAFLD.

Univariate analysis

Multivariate analysis

Variables P-value? Odds ratio 95% CI P-value®
Sex <0.001 1.008 0.890-1.141 0.905
Platelet count <0.001 0.629 0.415-0.953 0.029
Alanine aminotransferase <0.001 0.987 0.974-1.000 0.045
Albumin <0.001 0.008 0.000-0.793 0.040
Triglyceride 0.037 0.990 0.968-1.012 0.358
LDL cholesterol 0.003 1.046 0.987-1.108 0.133
Hyaluronic acid level <0.001 0.993 0.985-1.000 0.051
HbAlc 0.043 1.986 0.961-4.163 0.064
a-fetoprotein <0.001 1.620 0.990-2.652 0.055
DCP <0.001 1.001 0.993-1.010 0.754
SPTLC3 0.001 12.935 1.002-167.016 0.050

Statistical analyses were performed using *Mann-Whitney U test and °Logistic regression analysis. 95% CI, 95% confidence interval,
ALT, alanine aminotransferase; LDL, low-density lipoprotein; DCP, des-y-carboxy prothrombin; SPTLC3, serine palmitoyltransferase long

chain subunit 3.
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Figure 5. Serum SPTLC3 levels of patients with liver disease of different etiologies without HCC vs. with HCC. The horizontal lines in the dot plot represents
the medians. Statistical analyses were performed using the Mann-Whitney U test. 'P=0.001, non-HCC vs. HCC. SPTLC3, serine palmitoyltransferase long
chain subunit 3; NAFLD, non-alcoholic fatty liver disease; ALD, alcoholic liver disease; HBV, hepatitis B virus; HCV hepatitis C virus.

with healthy livers (23). It has also been reported that hepatic
CER levels were increased in mice fed a high-fat diet, and
that this elevation was suppressed by the administration of an
insulin sensitizer or SPT inhibitor (24). As mentioned above,

sphingolipids and their metabolite, ceramide, are implicated in
the development of fatty liver. Therefore, it was hypothesized
that SPTLC3, which was examined in the present study, is also
associated with the progression of NASH pathology.
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Previous reports have indicated an association between
SPT and carcinogenesis in malignant melanomas. SPT inhibi-
tors have been shown to attenuate carcinogenesis by inhibiting
the G,/M transition of malignant melanoma cells (25) and
have been reported to suppress the progression of tumors by
inhibiting the de novo synthesis of sphingolipids in a mouse
model of malignant melanoma (26).

However, there are few reports on the association between
SPT and liver cancer. It has been determined that SPT
inhibition promotes melatonin-induced apoptosis of HepG2
cells (27); however, to the best of the authors' knowledge,
no studies prior to the present study investigated the role of
SPTLC3 in human liver cancer.

The non-cancerous sections of the liver in patients with
NAFLD expressed significantly higher SPTLC3 mRNA levels
compared with the cancerous sections. By contrast, the serum
SPTLC3 levels were significantly higher in patients with liver
cancer and NAFLD compared with those in patients with
NAFLD but withoutliver cancer.In our previous study, SPTLC3
mRNA levels in non-cancerous liver tissue in a mouse model
of NAFLD carcinogenesis were found to increase over time as
NASH and carcinogenesis progressed (8). It was hypothesized
that, rather than being expressed by cancerous hepatocytes,
SPTLC3 may be expressed by normal hepatocytes that have
the potential to undergo lipotoxicity and become cancerous,
which may be supported by the increase in serum SPTLC3
levels in patients with liver cancer and NAFLD.

Progression of hepatic fibrosis is one of the factors deter-
mining the prognosis of patients with NASH (7,28), and it
is the most important factor in the pathological progression
of NASH (29). In the present study, serum SPTLC3 levels
were found to be significantly associated with known liver
fibrosis markers, including platelet count, hyaluronic acid
levels and FIB-4 index, and with NASH pathogenesis (liver
fibrosis progression). This suggests that serum SPTLC3
levels may also be associated with the prognosis of patients
with NASH.

AFP and DCP are well-known tumor markers of existing
liver cancer; however, AFP levels are not increased in patients
with NAFLD-related liver carcinogenesis. In a comparative
study of 34 cases of NASH-related liver cancer and 56 cases
of HCV-related liver cancer in Japan, the mean values of
AFP were 7.0 and 24.0 ng/ml, respectively (P=0.007) (30).
In addition, the level of DCP may increase due to vitamin K
deficiency and, thus, false positives may be associated with
malnutrition, oral administration of warfarin, suppression of
vitamin production by intestinal bacteria upon oral adminis-
tration of antibiotics, and impaired absorption of fat-soluble
vitamins owing to obstructive jaundice. Therefore, patient
medical history should always be taken into consideration.

In the present study, serum SPTLC3 levels were signifi-
cantly elevated in patients with NAFLD-related HCC, while
they remained unchanged in patients with liver diseases of
different etiologies (HBV, HCV and alcoholic liver injury). In
these groups, no significant increases were observed compared
with the non-HCC group, suggesting that SPTLC3 may be a
specific tumor marker in patients with NAFLD.

There were two main limitations of the present study.
The first limitation was the selection bias of patients. The
selected patients with NAFLD with or without HCC were

individuals admitted to a medical institution specializing
in liver diseases for the purpose of detailed examination
and treatment and were not randomly selected from the
general population. In the future, it would be beneficial to
conduct validation studies in a sample that is larger and
more representative of the general population. The second
was the insufficient evaluation of SPTLC expression. In the
present study, western blotting was not performed to evaluate
the level of SPTLC3 protein in the liver cancer tissues. It is
necessary to evaluate the protein content in the liver tissues
in order to evaluate how SPTLC3 protein expression is
reflected in serum SPTLC3 levels, and this will be further
studied in the future.

In conclusion, SPTLC3 levels were specifically increased
in the serum of patients with NAFLD and HCC, suggesting
that SPTLC3 may be involved in liver carcinogenesis in these
patients. These findings may highlight the clinical significance
of SPTLC3 in the pathogenesis of NAFLD.
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