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Abstract
Background The rs641738 C > T single-nucleotide polymorphism of MBOAT7 has been associated with hepatocellular 
carcinoma (HCC) and nonalcoholic fatty liver disease (NAFLD). Latin Americans have high rates of HCC and NAFLD, but 
no assessment between MBOAT7 and HCC has been performed in this population.
Aims We provide the first assessment of the impact of MBOAT7 on HCC risk in Latin Americans.
Methods Patients were prospectively recruited into the ESCALON network, designed to collect samples from Latin Ameri-
can patients with HCC in 6 South American countries (Argentina, Ecuador, Brazil, Chile, Peru, and Colombia). A European 
cohort and the general Hispanic population of gnomAD database were included for comparison. Associations between HCC 
and MBOAT7 were evaluated using logistic regression.
Results In total, 310 cases of HCC and 493 cases of cirrhosis without HCC were assessed. The MBOAT7 TT genotype was 
not predictive of HCC in Latin Americans (TT vs CC OR adjusted = 1.15, 95% CI 0.66–2.01, p = 0.610) or Europeans (TT 
vs CC OR adjusted = 1.20, 95% CI 0.59–2.43, p = 0.621). No significant association was noted on subgroup analysis for 
NAFLD, viral hepatitis, or alcohol-related liver disease. The TT genotype was increased in the NAFLD-cirrhosis cohort of 
Latin Americans compared to a non-cirrhotic NAFLD cohort (TT vs CC + CT OR = 2.75, 95% CI 1.10–6.87, p = 0.031).
Conclusion The rs631738 C > T allele of MBOAT7 was not associated with increased risk of HCC in Latin Americans or 
Europeans. An increase in the risk of cirrhosis was noted with the TT genotype in Latin Americans with NAFLD.
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Graphical Abstract
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Introduction

Hepatocellular carcinoma (HCC) is the third most common 
cause of cancer-associated death worldwide [1–3]. Much 
of the increased rate of HCC is driven by increased rates 
of nonalcoholic fatty liver disease (NAFLD) and nonalco-
holic steatohepatitis (NASH) with NAFLD prevalence now 
reaching 30% globally [4]. Latin America has some of the 
highest rates of NAFLD in the world and has seen a recent 
drastic increase in the proportion of HCC cases secondary 
to NAFLD [5–9]. In comparison to other liver diseases, 
NAFLD has higher rates of HCC in non-cirrhotic individuals 
who would not meet current clinical practice guidelines for 
HCC screening [10–13]. Latin Americans with HCC diag-
nosed through surveillance have better outcomes, but the 
majority are actually diagnosed outside of surveillance [14].

Genetics play an important role in HCC occurrence 
and genetic susceptibility assessment has the potential to 
improve HCC risk stratification [15]. Genome-wide studies 
(GWAS) have identified numerous single-nucleotide poly-
morphisms (SNP) associated with a variety of liver patholo-
gies, including HCC [16]. The rs641738 C > T gene poly-
morphism of MBOAT7, which is associated with decreased 
MBOAT7 expression and increased hepatic fat accumulation, 

has been associated with the development of HCC in chronic 
liver conditions, including NAFLD [17–21]. However, the 
association has been inconsistent which may be due to 
different effects of the allele on different underlying liver 
pathologies and on different ethnicities. Indeed, the great 
majority of studies assessing MBOAT7 in HCC have been 
performed in European or Asian cohorts and do not include 
Latin American populations, effectively limiting the use of 
this SNP in a population with much need of NAFLD-related 
HCC risk stratification. Interestingly, multiple studies have 
associated the MBOAT7 T allele (the variant allele) with 
HCC development in Europeans with NAFLD, but the asso-
ciation has not been consistently replicated in Asian popu-
lations with NAFLD or European populations with other 
etiologies of liver disease [17, 20–28].

In this study we aimed, for the first time, to address the 
association between the presence of MBOAT7 rs641738 
C > T SNP and HCC development in a Latin American 
population through evaluation of samples of the ESCALON 
network (comprised of 6 countries in South America) to 
further understand the role of this SNP in risk stratifica-
tion for HCC in this population. We included a population 
of patients from the Netherlands to allow for comparisons 
between HCC patients across Latin America and Europe in a 
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direct fashion and to evaluate the impact ethnicity may have 
on MBOAT7’s influence on HCC development.

Methods

Samples and Study Subjects

This is a cross-sectional study which evaluated patients 
recruited into the ESCALON network (www. escal on. eu). 
The network was established in 2018 and is composed of 
a total of seven medical centers from six South American 
countries as well as one medical center from the Netherlands 
which provided the European participants [29]. Recruit-
ment of patients into the network was based on availability 
and was not randomized. Patients were classified as “Latin 
American” or “European” based on geographic location 
and not self-identified ethnicity. Patient information and 
blood samples were collected at each individual institution 
and were registered in a Research Electronic Data Capture 
registry (REDCap). All patient data were de-identified and 
required to include previous informed consent with ethics 
approval in all centers. Patients were classified as having 
HCC based on biopsy or American Association for the Study 
of Liver disease established imaging criteria. Patients were 
classified as having alcohol-related liver disease if they had 
persistent steatohepatitis in the setting of prolonged ethanol 
intake, defined as 30 g/day for women and 40 g/day for men 
over 10 years. The diagnosis of NAFLD was determined by 
the managing hepatologist or by evidence of hepatic steato-
sis on pathology or imaging in the absence of other clear rea-
sons for hepatic steatosis. Individuals without viral hepatitis, 
NAFLD, or alcohol-related liver disease were categorized 
as “other” etiology, which encompassed both known causes 
and unknown causes. Patients were determined to have a 
mixed etiology of liver disease if they had any combina-
tion of hepatitis B virus (HBV), hepatitis C virus (HCV), 
NAFLD, and alcohol-related liver disease. These patients 
were not included in subgroup analysis. All data was regu-
larly checked by a data monitor, and double checked by the 
managing site prior to the analysis of the data.

Genotyping

For single-nucleotide polymorphism testing, genomic 
DNA was extracted from whole blood (Gentra Puregene), 
according to the manufacturer’s protocol. The rs641738 
C > T MBOAT7 SNP was genotyped using TaqMan probe 
pre-designed SNP genotyping assays (Thermo Fisher). 
Genotyping was performed using StepOne-Plus Real-Time 
PCR System and a Custom TaqMan SNP Genotyping Assay 
(Applied Biosystems). qPCR were carried out in a 10-μl 

reaction volume containing 4 µl of genomic DNA, 6 µl geno-
typing master mix with probe.

Statistical Analysis

Demographic and clinical characteristics were compared 
between different subjects with continuous variables pre-
sented as means with standard deviations and categorical 
variables displayed as proportions. The Student’s t test was 
used to compare continuous variables and chi-square was 
used to compare proportions. Univariable and multivariable 
logistical regression were used to assess for factors associ-
ated with HCC, including the presence of rs641738 C > T 
MBOAT7. Patients without cirrhosis (including those with 
HCC) were excluded from the assessment of HCC risk. 
Likewise, patients with HCC were excluded from the assess-
ment of cirrhosis risk. Odds ratios and 95% confidence inter-
vals were presented for each variable. SAS Software Version 
9.4 (The SAS Institute, Cary, NC) was utilized for statistical 
computations.

Results

Patient Characteristics

A total of 310 cases of HCC and 493 cases of cirrhosis 
without HCC were included in analysis. The median age 
of the combined cohort was 65 years (IQR 59–70 years). 
The median age was 65 years (IQR 59–71 years) in Latin 
Americans and 64 years (IQR 56–70 years) in Europeans. 
For those with HCC, median ages were 68 years (IQR 62–73 
years) and 67 years (IQR 62–71 years) in Latin Americans 
and Europeans, respectively. The Latin American-combined 
HCC and cirrhosis cohort was composed of 45.1% women 
and the European-combined HCC and cirrhosis cohort was 
composed of 28.6% women (p < 0.001). NAFLD was the 
most common etiology of liver disease in Latin Ameri-
cans with and without HCC accounting for 50% of cases 
(Table 1). In comparison, the combined HCC and non-HCC 
European population had a lower proportion of NAFLD 
cases (20%) and increased proportions of alcohol use (25%) 
and HCV (25%).

MBOAT7 HCC Risk Assessment

A variety of inheritance patterns were considered when 
evaluating for an association between the T variant allele 
and HCC and the following comparisons were made: T 
vs C, TT vs CC, TT vs CT + CC, TT + CT vs CC, and 
CT vs CC. Latin Americans with HCC had higher rates 
of the risk allele TT genotype compared to Latin Ameri-
cans without HCC (19% and 16%, respectively, Fig. 1), but 

http://www.escalon.eu
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this difference was not statistically significant (p = 0.364). 
Europeans with HCC had higher rates of TT genotype 
(21%) compared to those without HCC (16%), but this dif-
ference was also not significant (p = 0.387). No statistically 
significant difference was noted in the CC genotype and 
CT genotype frequencies between those with and without 
HCC in either cohort (Table 2). The TT genotype was not 
predictive of HCC in either cohort but trended toward a 
non-statistically significant increased risk in both cohorts 
with adjusted ORs for TT vs CC of 1.15 and 1.20 in Latin 
Americans and Europeans, respectively. In a multivari-
able logistic regression model that included MBOAT7, 

advanced age was predictive of HCC in the Latin Ameri-
can cohort and diabetes was predictive of HCC in Europe-
ans (Table 3). Minor allele frequency (MAF) was evalu-
ated within the gnomAD database, a genome aggregation 
database with 17,720 sequences belonging to Latin Ameri-
cans (https:// gnomad. broad insti tute. org/) [30]. The MAF 
within the gnomAD database was 33.0% in Latin Amer-
icans. We found the MAF of our Latin American with 
HCC cohort to be 40.8% (OR = 1.40, 95% CI 1.12–1.75, 
p = 0.003). Notably, this did not differ significantly from 
the MAF in our cohort of Latin Americans with cirrhosis 
without HCC (OR = 1.03, 95% CI 0.79–1.36, p = 0.817).

Table 1  Baseline characteristics of subjects stratified by location and HCC status

BMI body mass index, HBV hepatitis B virus, HCC hepatocellular carcinoma, HCV hepatitis C virus, NAFLD nonalcoholic fatty liver disease, 
NASH nonalcoholic steatohepatitis, SD standard deviation
*p < 0.05, **p < 0.001
† Body mass index available for only 80/147 Europeans with HCC and 62/157 Europeans without HCC
‡ Diabetes status available for only 80/147 Europeans with HCC and 98/157 Europeans without HCC

Variable Latin Ameri-
can, HCC 
(n = 163)

Latin American, cir-
rhosis without HCC 
(n = 336)

p-value, Latin 
American HCC vs. 
no HCC

European, 
HCC 
(n = 147)

European, cirrho-
sis without HCC 
(n = 157)

p-value, European 
HCC vs. no HCC

Age [mean ± SD] 
(years)

67 (10) 64 (9)  < 0.001** 66 (8) 60 (11)  < 0.001**

Male, % (n) 60 (98) 52 (176) 0.103 76 (111) 68 (106) 0.123
BMI [mean ± SD] 

(kg/m2 †
27 (4) 28 (5) 0.119 28 (5) 29 (5) 0.532

Diabetes, % (n)‡ 42 (69) 35 (118) 0.119 46 (37) 19 (19)  < 0.001**
Hep. B virus (HBV) 1 (2) 1 (5) 0.816 11 (16) 8 (12) 0.329
Hep. C virus (HCV) 11 (18) 8 (27) 0.271 14 (20) 36 (56)  < 0.001**
NAFLD/NASH 46 (75) 52 (174) 0.226 22 (32) 18 (29) 0.473
Alcohol 24 (39) 20 (66) 0.271 39 (58) 12 (19)  < 0.001**
Mixed 7 (11) 3 (9) 0.030* 3 (5) 12 (19) 0.410
Others 11 (18) 16 (55) 0.114 11 (16) 14 (22) 0.123

Fig. 1  The genotype frequency 
distribution of the MBOAT7 
rs641738 C > T single-nucleo-
tide polymorphism in patients 
with hepatocellular carcinoma 
compared to patients with cir-
rhosis without hepatocellular 
carcinoma. Genotype frequency 
is stratified by geographic 
patient location in two separate 
cohorts, Europeans and Latin 
Americans. HCC hepatocellular 
carcinoma

https://gnomad.broadinstitute.org/
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In subgroup analysis based on underlying liver dis-
ease (Table 4), the TT genotype was not associated with 
HCC in Latin Americans with NAFLD (TT vs CC OR 
adjusted = 1.07, 95% CI 0.51–2.29, p = 0.846). No signifi-
cant association was found between the TT genotype and 
HCC in Latin Americans with viral hepatitis or alcohol-
related liver disease. In the European cohort, a non-statis-
tically significant increase in the odds of HCC was noted 
for NAFLD, viral hepatitis, and alcohol-related liver disease 
with the most prominent increase being in viral hepatitis 
(OR adjusted = 2.04, 95% CI 0.55–7.56, p = 0.284).

Effect of Ancestry in HCC Risk Related to MBOAT7

The majority (84%) of Latin Americans with HCC or 
cirrhosis evaluated in this study were of non-European 
descent. MAF for Latin Americans of non-European descent 
was 40.6% and in those of European descent was 38.8% 
(p = 0.667), suggesting that rates of the SNP are similar 
regardless of ancestry in Latin Americans. Genotype dis-
tribution did not significantly differ based on ancestry in 
Latin Americans. When restricting analysis to just those 

with HCC, the genotype distribution between Latin Ameri-
cans of European and non-Europeans descent remained 
similar (Fig. 2). Importantly, the genotype distribution for 
Europeans with HCC did not significantly differ from Latin 
Americans of European descent (TT 20% vs 18%, Online 
Resource 1).

Effect of MBOAT7 in Cirrhosis

To assess if MBOAT7 influenced cirrhosis development, a 
separate cohort of Latin American and European patients 
with chronic liver disease without HCC or cirrhosis was 
included. Of the 112 European patients included, HBV was 
the cause of liver disease in 60% (67/112) of patients. In 
comparison, HBV represented the cause of liver disease in 
only 8% (12/157) of Europeans with cirrhosis. Given the 
substantial difference in etiologies of liver disease between 
the European patients with and without cirrhosis, no assess-
ment of the impact of MBOAT7 on cirrhosis development 
was made in this group of European patients. The Latin 
American chronic liver disease cohort, which was also not 
randomly recruited, displayed a high proportion of cases 

Table 2  MBOAT7 genotypic 
predictors of hepatocellular 
carcinoma development in a 
Latin American cohort and a 
European cohort

CI confidence interval, OR odds ratio
† Adjusted for age and gender

Cohort MBOAT genotype Crude OR (95% CI) p-value Adjusted OR † (95% CI) p-value

Latin American CC (reference) – – – –
TT 1.15 (0.67–1.97) 0.610 1.15 (0.66–2.01) 0.610
CT 0.86 (0.57–1.30) 0.466 0.83 (0.55–1.27) 0.399
TT + CT 0.93 (0.63–1.37) 0.710 0.92 (0.62– 1.36) 0.674

European CC (reference) – – – –
TT 1.37 (0.69–2.73) 0.365 1.20 (0.59–2.43) 0.621
CT 1.08 (0.64–1.85) 0.752 1.04 (0.60–1.82) 0.880
TT + CT 1.15 (0.69–1.91) 0.582 1.07 (0.63–1.82) 0.804

Table 3  Independent 
predictors of hepatocellular 
carcinoma development from a 
multivariable analysis

BMI body mass index, EtOH alcohol-related liver disease, HBV hepatitis B virus, HCV hepatitis C virus, 
NAFLD nonalcoholic fatty liver disease, NASH nonalcoholic steatohepatitis
*p < 0.05

Variable Latin American European

OR (95% CI) p-value OR (95% CI) p-value

Age 1.03 (1.02–1.06) 0.001* 1.03 (0.98–1.07) 0.235
Sex, male 1.47 (0.96–2.25) 0.076 2.16 (0.94–5.01) 0.071
Diabetes 1.47 (0.97–2.21) 0.068 3.13 (1.29–7.57) 0.011*
EtOH 1.01 (0.52–1.92) 0.976 2.27 (0.71–7.22) 0.166
HBV 0.70 (0.12–4.05) 0.691 0.31 (0.06–1.48) 0.140
HCV 1.33 (0.62–2.85) 0.466 1.05 (0.27–4.11) 0.946
NAFLD/NASH 0.78 (0.44–1.37) 0.325 0.61 (0.19–1.97) 0.411
BMI 0.98 (0.93–1.02) 0.435 0.99 (0.92–1.07) 0.817
MBOAT7 rs641738: TT 1.26 (0.75–2.10) 0.384 0.54 (0.21–1.43) 0.215
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due to NAFLD. There were 94 Latin Americans in the 
cohort with 87% having NAFLD and 41% of this group 
being females. The median ages of those with and with-
out cirrhosis were 64 years (IQR 59–70 years) and 59 years 
(IQR 50–65 years), respectively. Mean body mass index 
(BMI) was increased in the group with cirrhosis (30 vs 27 

kg/m2, p < 0.001) as was the rate of diabetes (35% vs 10%, 
p < 0.001). We found a significant difference of the TT gen-
otype frequency between patients with NAFLD-cirrhosis 
(17.8%) and NAFLD without cirrhosis (7.3%) (OR TT vs 
CT + CC = 2.75, 95% CI 1.10–6.87, p = 0.031). MAF in 
the NAFLD-cirrhosis cohort was 42.2% compared to 33% 

Table 4  MBOAT7 rs631738 and risk of hepatocellular carcinoma development among different etiologies of liver disease

CI confidence interval, HBV hepatitis B virus, HCV hepatitis C virus, NAFLD nonalcoholic fatty liver disease, OR odds ratio
† Adjusted for Age and gender

Latin American European

OR (95% CI)
[Crude]

p-value OR (95% CI)
[Adjusted†]

p-value OR (95% CI)
[Crude]

p-value OR (95% CI)
[Adjusted†]

p-value

CC – – – – – – – –
NAFLD
 TT 1.06

(0.51–2.22)
0.877 1.07

(0.51–2.29)
0.846 1.14

(0.27–4.91)
0.858 1.37

(0.27–6.87)
0.704

 CT 0.64
(0.34–1.18)

0.150 0.64
(0.35–1.19)

0.161 1.13
(0.32–3.98)

0.845 1.19
(0.32–4.52)

0.794

 TT + CT 0.75
(0.43–1.31)

0.311 0.78
(0.44–1.37)

0.383 1.14
(0.34–3.75)

0.834 1.20
(0.33–4.31)

0.782

Viral (HCV + HBV)
 TT 2.33

(0.49–11.17)
0.289 2.33

(0.48–11.30)
0.295 2.70

(0.78–9.35)
0.117 2.04

(0.55–7.56)
0.284

 CT 1.62
(0.45–5.81)

0.463 1.69
(0.46–6.19)

0.430 0.89
(0.35–2.29)

0.813 0.90
(0.34–2.38)

0.826

 TT + CT 1.81
(0.56–5.93)

0.324 1.85
(0.56–6.10)

0.310 1.16
(0.48–2.84)

0.742 1.11
(0.44–2.77)

0.825

Alcohol
 TT 1.97

(0.51–7.68)
0.328 1.84

(0.45–7.62)
0.398 1.04

(0.20–5.34)
0.961 1.04

(0.19–5.68)
0.960

 CT 0.82
(0.35–1.95)

0.655 0.82
(0.33–2.04)

0.668 0.91
(0.27–3.07)

0.878 0.74
(0.20–2.68)

0.642

 TT + CT 0.96
(0.42–2.18)

0.913 0.95
(0.40–2.26)

0.903 0.94
(0.29–3.02)

0.914 0.77
(0.23–2.62)

0.680

Fig. 2  The genotype frequency 
distribution of the MBOAT7 
rs641738 C > T single-nucleo-
tide polymorphism in patients 
with hepatocellular carcinoma. 
Frequencies are compared 
between patients of different 
current geographic location and 
descent with a European cohort, 
a Latin American cohort of 
European descent and a Latin 
American cohort of non-Euro-
pean descent
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in the Latino population in gnomAD (OR = 1.48, 95% CI 
1.20–1.84, p < 0.001).

Discussion

We found no statistically significant association between the 
MBOAT7 rs641738 C > T SNP and HCC in a Latin Ameri-
can population. To our knowledge, this is the first assessment 
of the effect of the MBOAT7 SNP on HCC development in 
patients from this region of the world. We also evaluated 
a European cohort for comparison and similarly found no 
association between the SNP and HCC development.

The MBOAT7 protein is an enzyme that catalyzes acyl-
chain remodeling of phospholipids within Land’s cycle 
which subsequently creates membrane diversity within the 
fatty composition of the inner leaflet of cell membranes 
[31–33]. The rs641738 C > T SNP of MBOAT7 is associ-
ated with decreased hepatic expression of MBOAT7 [22, 34], 
which has been associated with liver steatosis and increased 
triglyceride synthesis [22, 35–38]. Moreover, a recent study 
suggested that MBOAT7 is a negative regulator of toll-like 
receptors (TLR) and decreased expression of MBOAT7 sub-
sequently results in increased activation of TLRs and there-
fore increased inflammation which could lead to increased 
risk for HCC [37, 39].

Previous studies evaluating the association between 
MBOAT7 and HCC have been inconsistent (Online Resource 
2). Donati et al. found a significant association between the 
allele and HCC in a mixed alcohol-related liver disease 
and HCV European cohort and Wang et al. found a small 
statistically significant association in an Asian cohort of 
patients with HBV [17, 27]. However, consistent with our 
results, numerous others have found no association between 
MBOAT7 and HCC in alcohol-related liver disease or viral 
hepatitis [17, 22, 23, 25, 26]. Donati et al. also found the 
allele to be associated with HCC in a European cohort of 
patients with NAFLD (OR per allele = 1.65, p = 0.021) [17]. 
Pelusi et al. subsequently found an association between 
MAF and HCC in a discovery cohort, but not in the valida-
tion cohort of patients with NAFLD and Bianco et al. found 
no association between allele carrier status and HCC in yet 
another European cohort with NAFLD [21, 28]. No associa-
tion between MAF and HCC in an Asian population with 
NAFLD was found when assessed by Kawaguchi et al. [24]. 
We provided the first assessment in Latin Americans with 
NAFLD and similarly did not find a significant association.

Numerous possible reasons exist for why no association 
was found between the SNP and HCC in Latin Americans 
in our study. The SNP may truly not be associated with an 
increased risk in this population or the allele may be asso-
ciated with HCC only in certain etiologies of liver disease 
and the limited sample sizes of our subgroups prevented 

detection of the association. It may also be possible that 
the MBOAT7 SNP is associated with non-cirrhotic HCC. 
Although individuals with HCC without cirrhosis were 
excluded from the analysis, we genotyped 16 Latin Ameri-
cans with HCC without cirrhosis. Of the 16, one had the TT 
genotype (risk allele), eight were heterozygotes, and seven 
were CC homozygotes.

The MBOAT7 rs641738 C > T SNP has been associated 
with NAFLD development and severity in European popula-
tions, but the association has not been present when evaluat-
ing Asian populations [40–43]. This suggests a potential dif-
ferent effect MBOAT7 may have on the full spectrum of liver 
disease depending on ethnicity. While MBOAT7 rs641738 
C > T and the development of HCC had not been studied in 
Latin Americans prior to this study, the effects of the variant 
on NAFLD development and severity in Argentinians were 
assessed by Sookoian et al. [44]. No association between 
the variant and NAFLD or NASH development and severity 
was found by the group. Additionally, the variant was not 
associated with presence of fibrosis or lobular inflammation. 
Of note, all individuals in that study self-reported being of 
European ancestry, while our study includes mainly non-
European descent. In contrast to these findings, we did find 
an increased proportion of the risk allele in patients with 
NAFLD-cirrhosis compared to those with NAFLD without 
cirrhosis in Latin Americans.

Several limitations of this study warrant discussion. No 
direct comparison with healthy controls was included. How-
ever, we assessed with overall Latino population in the gno-
mAD database which, in contrast to our results, did show 
a significant association between the allele and both HCC 
and cirrhosis. The sample size did not allow for evaluation 
of individuals with HCC without cirrhosis. The scope of 
assessed outcome was limited in this study as only presence 
or absence of HCC was assessed and important clinical fac-
tors such as disease extent and mortality were not. However, 
no other study to our knowledge has addressed this SNP in 
a large cohort of Latin Americans with HCC and cirrhosis.

In summary, we found no association between the 
MBOAT7 rs641738 C > T SNP and HCC in Latin Ameri-
can and European cohorts regardless of the combination of 
inheritance patterns. However, we did find an association 
between the SNP and presence of cirrhosis in NAFLD in 
Latin Americans.
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