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Abstract

Aims/hypothesis. Non-alcoholic steatohepatitis is fre-
quent in Type II (non-insulin-dependent) diabetes
mellitus and can lead to fibrosis and cirrhosis. The in-
terindividual variability in the occurrence of non-
alcoholic steatohepatitis suggests, however, a genetic
modulation. Microsomal triglyceride transfer protein
(MTP) is necessary for the assembly and secretion of
VLDL and when the protein is not functional, such
as in abetalipoproteinaemia, a steatohepatitis occurs.
We therefore assessed the association between a
functional polymorphism in the promoter region of
MTP gene (—493 G/T) and the biological features of
steatohepatitis in Type II diabetic patients.

Methods. We studied 271 patients with Type II diabe-
tes. Determination of —493 G/T polymorphism was
made by PCR-RFLP. Increased liver enzymes were
used as surrogates of liver steatosis and alanine ami-
notransferase concentration was the outcome vari-
able for the multivariate analysis. Liver ultrasonogra-
phy was available for a subgroup of patients with
newly diagnosed diabetes.

Results. The proportion of patients with increased
alanine aminotransferase was higher in GG than in
GT and TT subgroups (23 %, 11% and 6 %, respec-
tively, p = 0.01). Additionally, patients with high ala-
nine aminotransferase concentrations were more
likely to be young (p = 0.01), male (p = 0.001), obese
(p =0.04) and have low HDL-cholesterol (p = 0.01).
In multivariate analysis, the MTP genotype was inde-
pendently associated with alanine aminotransferase
concentration (p =0.0023) as well as sex and body
mass index but not HDL-cholesterol.
Conclusion/interpretation. The —493 G/T MTP gene
polymorphism is associated with biological surrogat-
es of steatohepatitis in patients with Type II diabetes.
The G allele which is responsible for a decrease in
MTP gene transcription is prone to increase the intra-
hepatic triglycerides content, conferring by this a ge-
netic susceptibility for steatohepatitis. [Diabetologia
(2000) 43: 995-999]
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The term non-alcoholic steatohepatitis (NASH) de-
scribes liver disease histologically similar to alcoholic
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liver disease occurring in patients without any history
of excessive alcohol consumption [1, 2]. Two main
histological criteria are necessary for the diagnosis of
NASH: fatty degeneration and inflammation or fi-
brosis. The latter criteria distinguishes NASH from
simple steatosis which has a non-progressive course
[3]. In western countries, NASH is a major cause of
increased liver enzymes, next to alcohol consumption
and hepatitis C [2]. It is frequently associated with
obesity (40 % ), Type 11 diabetes (20 % ) and hyperlip-
idaemia (20% ) and can in the long term lead to cir-
rhosis in as many as 20 to 30 % of cases [4-6]. It is hy-



996 S.Bernard et al.: MTP gene variant and NASH surrogates in diabetes

pothesised that occurrence of NASH requires a two-
hit process. The first one leads to hepatic steatosis
and the second is required to turn steatosis into
NASH [7]. Several overlapping causal factors
emerged as candidates for NASH: (1) metabolic dis-
orders, i. e. insulin resistance, abnormal fatty acid me-
tabolism and intrahepatic accumulation of triglycer-
ides [1, 8, 9], (2) increased oxydative stress [8, 10]
and (3) increased production of cytokines [8, 11].

An increased concentration of triglycerides in
hepatocytes is the result of increased synthesis or
decreased secretion of VLDL. The microsomal tri-
glyceride transfer protein (MTP) is necessary for as-
sembly and secretion of VLDL from hepatocytes
[12]. It has a key role in lipoprotein assembly, by
transferring lipid (especially triglycerides) to nascent
apoB. Liver steatosis is a characteristic of abetalipo-
proteinaemia, a rare autosomal recessive disease
caused by mutations in the coding region of MTP
gene, resulting in a very low total cholesterol, unde-
tectable plasma apolipoprotein B and fat malab-
sorption [12, 13].

Only a subgroup of subjects with Type II diabetes
has NASH. It is more commonly encountered in
those with the most severe insulin resistance syn-
drome. With similar clinical features and glycaemic
control only a fraction of non-drinker Type II diabet-
ic patients develop NASH, hence the hypothesis of a
genetic susceptibility. A common functional polymor-
phism has been recently described in the promoter
region of the MTP gene (—493 G/T) [14]. The G allele
is associated with decreased gene transcription com-
pared with the T allele. Therefore the MTP gene is a
good candidate for genetic susceptibility to NASH.
The aim of this study was to investigate the relation
between this functional MTP gene polymorphism
and the biological surrogates of liver steatosis in
Type 1I diabetic patients.

Subjects and methods

Subjects and blood samples. The patients were 271 consecutive
Caucasian Type II diabetic patients (35-73 years old, 141 men
and 130 women) who had at least one additional cardiovascu-
lar risk factor and participated in our local prospective study
of Type II diabetes (DIACOR study), which aimed to test the
predictive value of carotid intima-media thickness for cardio-
vascular events. Exclusion criteria were: ketonuria, fasting gly-
caemia above 15 mmol/l, insulintherapy, concomitant illness
(hepatic or renal insufficiency, neoplasia), history of severe hy-
pertriglyceridaemia ( > 10 g/1), and heavy alcohol consumption
(> 40 g/day). All patients were questioned about their diet by
a registered dietetician. Of the patients 48 were receiving hy-
polipidemic drug therapy and 225 being treated with oral an-
tidiabetic agents. All had given written informed consent be-
fore DNA analysis and this study had the approval of our local
ethics committee. Blood samples were drawn, after an over-
night fast, into tubes containing EDTA and plasma was imme-
diately separated by low-speed centrifugation.

—493 G/T MTP gene polymorphism. The polymorphism was
detected by PCR-RFLP using a two-step nested PCR accord-
ing to the method described by Karpe [14]. Briefly, the first
step of the PCR amplified a 838 bp fragment with the following
two primers: 5’-CCCTCTTAATCTCTTTCCTAGAA (MTP-
1) and 5-AAGAATCATATTGACCAGCAATC (MTP-2).
The second step of the PCR was then done using a 5’ primer in-
cluding a mutation to give rise to an Hphl cutting site for the G
allele. The mutated primer was 5’-GGATTTAAATTTAAA-
CTGTTAATTCATATCAC and the other primer 5-AG-
TTTCACACATAAGGACAATCATCTA. This second step
of the PCR amplified a 109 bp fragment. The PCR products
(20 ul) were incubated with Hphl (1 UI) for 2 h at 37°C. Re-
striction fragment length polymorphism (RFLP) was analysed
by high resolution using 3 % agarose gel as an electrophoretic
media stained with ethidium bromide. The T allele gave rise
to a full-length fragment of 109 bp and G allele to two frag-
ments of 89 and 20 bp. Samples with different PCR-RFLP pat-
terns (GG and TT homozygotes and GT heterozygotes) were
directly sequenced (Sanger method) to validate the PCR-
RFLP method [15].

Biological variables. Liver tests included alanine aminotrans-
ferase (ALAT), aspartate aminotransferase (ASAT), and gam-
ma-glutamyl transferase (yGT). Ferritinaemia and transferrin
saturation were also measured in a subgroup of 107 patients
with newly diagnosed Type II diabetes. None of them had an in-
crease in transferrin coefficient above 0.50. Hepatitis B and C
serology was done when serum ALAT, ASAT or yGTwas above
the upper normal range. Subjects with positive hepatitis serolo-
gy were excluded. Haemoglobin A, . (HbA,,) was evaluated by
HPLC. Total cholesterol and triglycerides were measured using
commercial kits (Biomérieux, Lyon, France). We obtained
HDL-containing fractions after precipitation of apolipoprotein
B (apoB)-containing lipoproteins by heparin/MnCI2 [16].

Liver ultrasonography. Ultrasonography was systematically
carried out in the subgroup of newly diagnosed diabetic patients
(107/271) after an overnight fast. The operator was blind for liv-
er enzymatic status. Liver hyperechoic structure was reported,
specifying homogeneity or heterogenity of tissue. Echographic
criteria for steatosis were an hyperechoic structure with a poste-
rior absorption and attenuation of the diaphragmatic dome.

Statistical analysis. Categorical variables were assessed by the
chi-squared test. Univariate regression analysis (correlation
coefficient of Spearman) was used to analyse the relation be-
tween continuous variables. Comparison of means between ge-
netic groups was tested by one-way analysis of variance. The
association between M TP genotype and ALAT concentration
was assessed by a multivariate analysis using a general linear
logistic regression model, taking other clinical and biological
characteristics into account [17]. The outcome factor, i.e.
ALAT concentration was assessed as a dichotomous variable
(cut-off: 45 U/I: upper concentration of the normal range in
our enzymatic ALAT assay). The explanatory variables were:
the MTP gene polymorphism, the clinical (sex, age, BMI and
systolic blood pressure) and the biological (HbA, ., HDL-c
and triglycerides) characteristics of the patients. The effect of
the MTP gene polymorphism was assessed by a dichotomous
variable: GG homozygous compared with GT heterozygous
and TT homozygous. The continuous clinical variables (age,
BMI, systolic blood pressure) and the biological variables
were standardised. The chi-squared tests for the parameter
values were Wald tests. Results were presented with a level of
significance considered at p < 0.05. Analysis was done with
Statistical Analysis Sofware (SAS Institute, Cary, N.C., USA).
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Results

The analysis of RFLP products showed similar allele
frequencies for —493 G/T MTP gene polymorphism
in this Type II diabetic cohort as previously described
in healthy Caucasian subjects: 25% and 75% for T
and G alleles, respectively [14]. Haplotype frequen-
cies were also the same as those published previously
(GG:557%,GT:37.6%, TT: 6.7%) and were in the
Hardy-Weinberg equilibrium [14]. There were no dif-
ferences between genetic groups in sex distribution,
age, alcohol consumption, BMI, systolic blood pres-
sure, glycaemic control or lipid variables (Table 1).
A similar proportion of subjects treated with oral an-
tidiabetic agents was observed between genetic
groups (84%, 84%, 78%, for GG, GT and TT
groups, respectively, p = 0.77). The proportion of sub-
jects with increased ALAT or yGT was similar wheth-
er or not the patients were receiving lipid lowering
therapy (p =0.59 and p = 0.51, respectively) more-
over the percentage of patients receiving lipid lower-
ing therapy was higher in GT than GG group (33 %
and 18 %, respectively).

By contrast, mean concentrations of ALAT and
yGTwere higher in GG than in GTand TT subgroups
(Table 2) but ASAT only displayed a trend towards
an increased mean concentration in GG patients. Ad-
ditionally, the GG subgroup included a higher pro-
portion of patients with increased enzyme concentra-
tions or with ultrasonographic steatosis criteria (Ta-
ble 3). The proportion of patients with increased
ALAT and yGT was not significantly different be-
tween GT and 7T subgroups.

Univariate regression analysis showed that ALAT,
yGT, ASAT, and ferritinaemia were all statistically
significantly interrelated. We chose ALAT to reflect
liver enzyme alterations because it is considered to
be the best indirect biological index of NASH |[2,
18]. Patients with increased ALAT were younger
than those with normal values (52 + 8 vs 55 + 8 years
old, p=0.01). The proportion of subjects with in-
creased ALAT was higher among patients presenting
ultrasonographic steatosis criteria (40% vs 6%,
p =0.0001). Increased concentrations of ALAT were
also significantly more frequent in men, obese sub-
jects and those with low HDL-cholesterol (Table 4).
The frequency of increased ALAT concentrations
was not higher in hypertensive subjects (systolic
blood pressure > 150 mmHg) or in patients with hy-
pertriglyceridaemia (triglyceride > 2 g/1) or poor gly-
caemic control (HbA,, > 8%).

After excluding the observations where data were
lacking, the analysis by the logistic model concerned
255 patients. Taking various confounding factors
into account, ALAT concentration was statistically
significantly linked to three variables: MTP geno-
type, sex and BMI (Table 5). These results were simi-
lar when MTP genotype was entered under the form

Table 1. Characteristics of patients according to MTP geno-

type
GG GT T p value?

n 151 102 18

Sex (men/women) 7576 58/44 8/10 043
Age (years) 55+8.1 54+83 57+8 031
Alcohol (g/day) 6112 6+11 4+8 082
BMI (kg/m?) 295 29+£55 295 096
Systolic BP (mmHg) 136+19 138+18 136+18 0.71
HbA,, (%) 93+£2 89122 84+17 0.16
Total chol (g/1) 21+04 21+£04 20x04 0.36
Triglycerides (g/1) 1.7+10 18+13 14+0.7 020
HDL-c (g/l) 0.41£0.11 0.41+£0.11 043£0.13 0.82

Values are expressed as means + SD. ? p is the degree of sig-
nificance of the chi-squared test for the variable sex and one-
way analysis of variance for the other variables. BP, blood pres-
sure; chol, cholesterol

Table 2. Enzyme liver values and ferritinaemia according to
MTP genotype

GG GT T p value®
n 151 102 18
ALAT (U/N) 36+ 30 29+17 25+15 0.04
ASAT (U/N) 25+16 22+8 205 0.13
yGT (U/) 45+ 35 35+24 35+£27 0.04

Ferritinaemia (ug/1)® 205+134 178+137 132+124 022

Values are expressed as means = SD. ? p is the degree of signif-
icance of the one-way analysis of variance. ° Ferritinaemia
was available for a subgroup of 107 patients

Table 3. Per cent of subjects with increased concentration of
liver enzymes or with ultrasonographic signs of steatosis ac-
cording to MTP genotype

GG GT+TT  pvalue?
% (n) % (n)
ALAT normal 77(116) 90 (108)  0.004
high® 23(35)  10(12)
total 100 (151) 100 (120)
yGT normal 71 (107) 82 (98) 0.04
high® 29 (44) 18 (22)
total 100 (151) 100 (120)
Ultrasono- no 43 (27) 61 (27) 0.05
graphic stea-  yes 57 (36) 39 (17)
tosis criteria?  total 100 (63) 100 (44)

2 p is the degree of significance of the chi-squared test when
analyses were done on the basis of two genotype subgroups
(GG vs GT+TT). ®ALAT: high>45U/; °yGT: high:
> 65 U/l for men and > 45 U/l for women. ¢ Liver ultrasono-
graphy was available for the subgroup of patients with newly
diagnosed diabetes (n = 107)

of three subgroups (GG, GT and TT). Overall, when
a subject was homozygous for the G allele of the
MTP gene promoter polymorphism the adjusted
odds ratio for having an increased concentration of
ALAT was 3.5 (95% confidence limits: 1.6 to 7.9)
compared with GT and TT patients.
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Table 4. Per cent of patients with increased ALAT according
to sex, BMI and concentrations of HDL-c

ALAT

Total
% (n)

p value?®

Normal High
(=45U01) (>45UN)

% (n) % (n)
Sex men  75(106) 25(35) 100 (141) 0.001
women 91(118)  9(12) 100 (130)

BMI  normal 73(36)  27(13)  100(49) 0.045
high® 59 (131)  41(91) 100 (222)

HDL-c normal 89(112) 11(14)  100(126) 0.1
lowe  77(112)  23(33) 100 (145)

2 p value is the degree of significance of the chi-squared test.
® High BML: > 27 kg/m?. ¢ Low HDL-c: < 0.4 g/l

Table 5. Estimation of the effect of the MTP genotype, clinical
and biological characteristics of the patients on the ALAT con-
centrations by a logistic model

p value?® Adjusted

odds ratio®

(95% CI)
MTP genotype 0.0023 3.53 (1.57-7.93)
Sex 0.0004 476 (2.02-11.24)
BMI 0.0069 1.11 (1.03-1.20)
Age 0.15 0.97 (0.92-1.01)
Systolic BP 0.89 1.00 (0.98-1.02)
HbA,, 0.86 0.98 (0.83-1.17)
HDL-c 0.11 0.04 (0.001-2.07)
Triglycerides 0.70 1.06 (0.79-1.42)

2 p value is the degree of significance of the Wald chi-squared
test. ® Odds ratio for a one standard deviation increasing of
the variable, except for MTP gene and sex. For a given vari-
able the odds ratio is adjusted for the other variables. BP,
blood pressure

Discussion

We report that the 493 G/T MTP gene polymor-
phism is associated with a higher proportion of sub-
jects with increased liver enzymes (ALAT and yGT)
in the GG subgroup compared with the GT and TT
groups. In this study we evaluate the potential effect
of a common functional variant of MTP gene on bio-
logical surrogates of liver steatosis.

Our data provide only indirect evidence of a link
between a MTP gene polymorphism and NASH as
liver biopsy specimens were not obtained for ethical
reasons. Alanine aminotransferase is, however, com-
monly used as a surrogate of non-alcoholic liver ste-
atosis and is considered to be a clinically relevant
variable [4, 19, 20]. The concentration of ASAT
which is more associated with alcohol consumption
was increased in the same proportion of patients in
the three genetic groups [2, 18]. In the subgroup of
patients with an ultrasonographic criteria of steatosis,
increased ALAT concentration was more frequently
observed and the incidence of GG genotype was

higher than in subjects with no ultrasonographic evi-
dence of steatosis. It should be emphasised that the
indication of ultrasonography was not based on in-
creased ALAT concentration but newly diagnosed di-
abetes, lessening recruitment bias. In addition a trend
was noted towards a statistically non-significant in-
crease in ferritinaemia in the GG subgroup correlat-
ing with the hepatosiderosis syndrome frequently as-
sociated with NASH [4, 21, 22]. This converging evi-
dence makes it unlikely that it was by chance that
there was a higher proportion of subjects with in-
creased ALAT concentrations in the GG subgroup.
Furthermore, multivariate analysis strongly supports
an independent contribution of the MTP genotype
to increased ALAT concentrations in this Type II dia-
betic cohort at high risk for NASH.

The MTP gene is a good candidate for the genetic
modulation of susceptibility to liver steatosis. A lack
of functional MTP protein, such as encountered in
abetalipoproteinaemia, is associated with hepatic ste-
atosis [13]. Liver-specific inactivation of the MTP
gene has recently been shown to be associated with
liver steatosis in the knockout mice [23]. Our data
suggest that the G allele of the M TP promoter poly-
morphism is associated with a higher risk of increased
ALAT concentration. The G allele encodes a de-
crease in M TP gene transcription which would result
in a relative decrease of MTP activity and, conse-
quently, of VLDL assembly. In this way, the G allele
might contribute to intrahepatocyte triglyceride ac-
cumulation resulting in steatosis. The common occur-
rence of the G allele is compatible with it being a po-
tential causal factor of in NASH which is a frequent
disorder in the general population. A moderate re-
duction in MTP activity as a consequence of this func-
tional polymorphism might, by itself, be insufficient
to induce steatosis but could become relevant when
there are factors, such as alcohol consumption, insu-
lin resistance or Type II diabetes, present. This is in
agreement with a potential recessive effect of the G
allele and the absence of an evident allelic dose effect
and possibly also with the recessive inheritance of ste-
atosis in abetalipoproteinaemia [13].

The MTP gene is regulated by factors involved in
steatohepatitis, especially alcohol and cytokines. It
has been recently reported that ethanol, in addition
to the well-known stimulation of hepatic lipogenesis,
down-regulated MTP mRNA expression in HepG2
cells by a negative ethanol response element located
near the —493 G/T promoter polymorphism site
(-642 to —142 bp) [24]. It is however unlikely that
this mechanism operated in our patients because
none of them were heavy drinkers and the level of al-
cohol consumption was similar in the three genetic
groups. Cytokines are thought to be implicated in
the two-hit process of NASH, especially in inflamma-
tion. A recent study has shown that IL-1 and, to a
lesser extent, TNF statistically significantly de-
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creased MTP mRNA expression in hamster liver
[25]. Increased TNFa expression is thought to be im-
plicated in the development of insulin resistance at
the adipocyte level allowing speculation on the effect
of a Type II diabetes-related overexpression of
TNFo in the facilitation of NASH. Furthermore
TNFa has been recently implicated in alcohol-
induced liver injury in mice and a polymorphism lo-
cated in the promoter region of TNFa gene has been
associated with susceptibility to alcoholic steatohepa-
titis [26, 27].

The MTP gene promoter polymorphism might
also have an effect in steatoses other than NASH
such as in alcoholic or viral steatosis. The negative ef-
fect of alcohol and increased cytokines in viral hepa-
titis C on MTP gene transcription could be amplified
in the presence of the G allele for —-493G/T MTP pro-
moter polymorphism.

Our data suggest a relation between the MTP gene
which conditions VLDL assembly and the incidence
of steatosis in Type II diabetic patients. They do not
preclude an effect of other candidate genes for sus-
ceptibility to liver steatosis such as those involved in
fatty acid or triglyceride synthesis. Confirmation is
needed in other populations at high risk of NASH
such as non-diabetic insulin resistant obese subjects.
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