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Background: In familial combined hyperlipidemia (FCHL) the severity of the dyslipidemia is determined by an
overproduction of VLDL (very low density lipoprotein) particles and by its abnormal lipid composition. However,
few are known regarding the metabolic factors that determine these abnormalities. We investigated the impact
of metabolic factors on the number of atherogenic particles (apolipoprotein B level (apoB)) and the triglyceride
content of very low-density lipoproteins (VLDLs-TG).

Methods: A cross-sectional study done in FCHL subjects and gender and age-matched healthy subjects.

K ds: . .. . . . . . .

A;};‘ﬁg:);rotein a A clinical assessment, lipid profile and plasma concentrations of insulin, apolipoprotein CIII (apo CIII), apolipo-
VLDL triglyceride content protein All (apo All), high sensitive C-reactive protein (HS-CRP), adiponectin and leptin were documented in
VLDL particle number 147 FCHL patients and 147 age-matched healthy subjects. Multivariate regression models were performed to

investigate the independent determinants of VLDL-TG and apo B levels adjusting for confounding factors.
Results: The variables that determined the VLDL-triglyceride content as a surrogate of VLDL composition were
apo CIII (p = 0.365, p < 0.001), insulin (3 = 0.281, p < 0.001), Apo All (3 = 0.145, p < 0.035), and adiponectin
levels (3 = —0.255, p < 0.001). This model explained 34% of VLDL composition (VLDL-TG) variability. However,
none of these variables were independent contributors of apo B-containing particles.

Conclusions: In patients with FCHL apo CIII, apo All and adiponectin are major novel factors determining the VLDL

Familial combined hyperlipidemia

particle composition. However, such factors do not explain apo B-containing particles.

© 2014 Published by Elsevier B.V.

1. Introduction

Familial combined hyperlipidemia (FCHL) is a highly prevalent,
complex disorder associated with increased cardiovascular mortality
[1-3]. It is the most frequent primary dyslipidemia in Mexico [4]. The
disease is characterized by elevated apolipoprotein B levels (apo
B) (above the 90th percentile for the specific ethnic group) in combina-
tion with isolated hypertriglyceridemia, isolated hypercholesterolemia
or mixed hyperlipidemia [5]. The FCHL phenotype shows remarkable
variability. However, the factors which determine the phenotypic
expression of the disease are only partially known [6,7]. The high levels
of apolipoprotein B and a predominance of small dense low-density
lipoprotein (LDL) particles are markers of atherosclerotic burden [8].
In subjects with FCHL, the development of atherosclerosis is thought
to be associated with an overproduction of liver-derived apolipoprotein
B (in very low-density lipoproteins (VLDLs)), an abnormal VLDL particle
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composition, and a reduction in lipoprotein lipase (LPL) activity. The
severity of the dyslipidemia associated with FCHL can be evaluated by
measuring some of these features.

Variables that may regulate the phenotypic expression of FCHL
include hyperinsulinemia, the plasma concentration of several apolipo-
proteins, genetic factors, and inflammatory mediators [9,10].

Hyperinsulinemia is a well-known factor to regulate apo B contain-
ing lipoprotein synthesis and catabolism. However, its role as a determi-
nant of the severity of the dyslipidemia is controversial, as only around
50% of FCHL subjects have hyperinsulinemia [11,12]. Changes in the
concentrations of the apolipoproteins All (apo All) and CIII (apo CIII)
have also been implicated in the pathogenesis of FCHL based on animal
models and clinical observations. In animal models, the overexpression
of apo All results in the overproduction of VLDL, insulin resistance and
low levels of HDL-C (high density lipoprotein cholesterol) [13-15].
Apo ClIl inhibits LPL activity and regulates lipid and lipoprotein synthe-
sis in the liver [16-21]. Adipose tissue secretes several adipocytokines
(i.e. adiponectin [22-24], leptin [25,26], and others) that regulate ap-
petite, immunity, inflammation, and glucose/lipid metabolism. The


http://crossmark.crossref.org/dialog/?doi=10.1016/j.cca.2014.08.018&domain=pdf
http://dx.doi.org/10.1016/j.cca.2014.08.018
mailto:caguilarsalinas@yahoo.com
Unlabelled image
http://dx.doi.org/10.1016/j.cca.2014.08.018
Unlabelled image
http://www.sciencedirect.com/science/journal/00098981
www.elsevier.com/locate/clinchim

I. Cruz-Bautista et al. / Clinica Chimica Acta 438 (2015) 160-165 161

influence of the majority of these factors on the severity of the FCHL dys-
lipidemia is unknown.

2. Subjects and methods
2.1. Study subjects

A total of 294 Mexican subjects were recruited for this study. The
cases were selected from a cohort of families with FCHL studied in our
institution, many of whom were newly identified and therefore current-
ly not taking lipid-lowering therapy. FCHL was defined by an apo B level
>90th percentile for the Mexican population (>108 and >99 mg/dl in
men and women, respectively) [5] and total cholesterol and/or triglyc-
erides levels >90th age-sex specific population percentiles. The age/
sex-specific population percentiles for lipids were based on the results
of a previous Mexican population-based nationwide survey [4]. All sub-
jects had either a personal or family history of premature coronary heart
disease (before 55 and 65 y in men and women, respectively) and each
participant had at least one first-degree relative with a different hyper-
lipidemic phenotype. We excluded subjects with current treatment for
dyslipidemia and the presence of xanthomas. In addition we excluded
subjects with other chronic diseases such as hepatic or renal failure,
alcoholism, any other primary or secondary dyslipidemia and any
acute disease during the previous 6 weeks. Hypothyroid patients were
included if they had a normal thyroid profile while on a thyroid hor-
mone replacement.

FCHL cases were divided into 2 groups according to their lipid phe-
notype; either isolated hypercholesterolemia or hypertriglyceridemia/
mixed hyperlipidemia. Isolated hypercholesterolemia was defined as a
total cholesterol level >200 mg/dl and triglycerides <150 mg/dl.
Hypertriglyceridemia/mixed hyperlipidemia phenotype was defined as
a cholesterol level >200 mg/dl with triglycerides level >150 mg/dl [4].

The control group was composed of healthy individuals with plasma
cholesterol and triglyceride levels <75th age-sex specific population
percentiles [4]. These subjects were matched with cases (1:1) by age
(£5y) and gender. The Human Research Ethics Committee of our insti-
tution approved the study. All procedures were done in accordance with
the Declaration of Helsinki. Each subject involved in this study provided
a written informed consent.

2.2. Biochemical and anthropometric measurements

Participants were evaluated in the morning (8:00 to 10:00 AM) after
an overnight fast of 8 to12 h. Subjects had to refrain from smoking and
drinking alcohol for at least 72 h prior to sampling. Any lipid-lowering
medication had to be withdrawn for at least 6 weeks prior to all
measurements. Glucose, total cholesterol and HDL cholesterol were
determined by enzymatic colorimetric commercially available reagents
using the Synchron CX Delta (Beckman Coulter). Apolipoprotein B was
measured by nephelometry (Beckman Coulter). VLDL lipoproteins
were isolated using sequential ultracentrifugation (Optima Beckman
LE80-K) of 40,000 RPM at 4 °C for 18 h. Insulin concentration was
measured using microparticle enzyme-linked immunoassay (MEIA)
(Axym System Abbott). Apo CIII concentrations were measured using
ELISA assays (Dade Lab). HS-CRP and apo All were measured using
immunonephelometry (BN-Prospect). Adiponectin and leptin levels
were assayed in duplicate using commercially available enzyme-
linked immunosorbent assays (Merck Millipore). The homeostasis
model assessment for insulin resistance (HOMA IR) was calculated as
follows: fasting insulin (WU/ml) x fasting glucose (mg/dl) / 405 [27].

A complete medical, family history and anthropometric mea-
surements were obtained from all subjects. Patients were weighed on
calibrated scales and height was determined with a floor scale's
stadiometer. Waist circumference was measured at the midpoint of a
line between the rib border and the iliac crest, in the late exhalation
phase while standing. Arterial hypertension was defined as systolic

blood pressure (SBP) >140 mm Hg, diastolic blood pressure (DBP)
>90 mm Hg 28], or self-reported use of antihypertensive medications.
The smoking status was categorized as current smokers (smoking at
least one cigarette in the previous month) or nonsmokers. Alcoholism
was defined as the consumption of at least 10 alcoholic beverages per
week within the previous 2 months.

2.3. Statistical analyses

We used the Kolmogorov-Smirnov's test to explore the distribution
of each variable. Log transformations were applied to approximate
normality in those variables showing a non-parametric distribution.
Data are presented as mean + SD or as median and interquartile
range. Categorical variables are reported as frequencies and percent-
ages. Variables were compared between FCHL subjects and controls
using the Student's t test. The frequency distribution of the categorical
variables in the 2 groups was compared using chi-squared tests. One-
way ANOVA was used for comparison between serum levels of VLDL-
TG and apo B and apo CIII tertiles. Correlations coefficients between
VLDLs-TG and biochemical features were calculated using Pearson's r
test or using partial correlation analysis when adjusted for waist circum-
ference. We did the same analysis between apo B levels and the biochem-
ical features. Stepwise multiple lineal regression models were performed
to evaluate the impact of variables in serum VLDL-TG and apo B levels for
all participants. Variables were removed from the model until the best
fitting model with the maximum adjusted R? was achieved. The variables
selected to enter into regression analyses were those that correlated sig-
nificantly with serum VLDL-TG and apo B levels (Table 2). Subsequently,
analysis was also performed after classifying FCHL subjects according to
their lipid phenotype (isolated hypercholesterolemia and mixed dyslipid-
emia/hypertriglyceridemia) in order to explore. p value <0.05 (2-tailed)
was considered statistically significant. The SPSS 21.0 for windows soft-
ware package was used.

3. Results
3.1. Clinical characteristics

We evaluated 147 patients with FCHL and 147 normolipidemic
normoglycemic healthy control subjects. The clinical and biochemical
characteristics of the study subjects are presented in Table 1. The medi-
an age of cases and controls was 40 (IQR 33-50y) and 36 (IQR 29-49y),
respectively. In FCHL patients, the prevalence of hypertension was sig-
nificantly higher than in the normolipemic controls (p < 0.05). The
BMI, waist circumference and weight-height ratio (W/H) were
significantly higher in FCHL subjects than the normolipemic subjects
(p<0.001).In addition, the fasting insulin concentration, fasting plasma
glucose levels and HOMA IR were significantly higher in the FCHL group
(p<0.001).

3.2. Metabolic markers

FCHL participants had higher levels of apo All, apo CIII, leptin, HS-
CRP, apo B and VLDL-TG levels than the control group (p < 0.001).
Adiponectin levels were lower in FCHL subjects [8.4 ug/l (6.4-10.5)]
compared with controls [11.22 g/l (8.5-14.9)], p < 0.001. These differ-
ences remained statistically significant after adjusting for waist circum-
ference (Table 1).

3.3. Metabolic factors that determine the atherogenic particle number
(measured with apo B levels) and the VLDL particle composition (measured
with VLDL triglyceride concentrations as surrogate of VLDL composition)
(VLDL-TG)

We investigated which factors explain the variability in VLDL-TG
levels; this is a marker of VLDL particle composition. In bivariate
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Table 1
Clinical and biochemical characteristics of the study subjects. Data are presented as
mean = SD, percentages or as median (interquartile range).

Variable FCHL (n = 147) Controls (n = 147) p value
Gender (females) 99 (67.3%) 99 (67.3%) NS
Age (y)* 40 (33-50) 36 (29-49) NS
Smoking index® 0(0-1.5) 0(0-1.5) NS

Systolic blood pressure 120 (105-130) 110 (100-120) 0.004

(mm Hg)*
Diastolic blood pressure 80 (70-80) 70 (60-80) <0.001
(mm Hg)*
Body mass index (kg/m?)? 27.1 (24.6-30) 24 (21.8-264) <0.001
Waist (cm)? 90 (83.2-100) 83.2 (75.5-90) <0.001
Waist-to-height ratio® 0.55 (0.51-0.60) 0.51 (0.47-0.55) <0.001
Total cholesterol (mg/dl)*® 234 (215-266) 174 (157-185) <0.001
Triglycerides (mg/dl)*® 238 (170-343) 83 (68-109) <0.001
HDL cholesterol (mg/d])*" 40 (35-47) 48 (42-55) <0.001
No HDL cholesterol (mg/dl)*" 193 (172-221) 123 (110-135) <0.001
Fasting glucose (mg/dl)*® 89.1 £+ 10.2 83.8 + 84 <0.001
Fasting insulin (mIU/1)*" 12.5(7.8-16.5) 7(4.7-9.2) <0.001
HOMA IR*" 2.5(1.6-3.8) 1.5 (1-2) <0.001
Serum apoprotein B (g/1)*" 133 (121-151) 79 (70-89) <0.001
Serum apoprotein All (mg/dl)*® 36.8 (33-40.7)  32.6 (29.5-35.5) <0.001
Serum apoprotein CIIl (mg/d)*® 12.6 (5.7-24.1) 3.3 (1.91-5.13) <0.001
Serum hs-CRP (mg/1)*® 2.2 (1.1-4.2) 1.09 (0.45-2.01) <0.001
Serum adiponectin (ug/1)*® 8.4 (6.4-10.5) 11.22 (8.5-14.9) <0.001
Serum Leptin (ng/ml)*" 16.2 (9.5-25.0) 10.4 (5.6-18.5) <0.001
VLDL-TG (mg/dl)*® 176 (105-263) 47 (31-69) <0.001

hs-CRP, high sensitive C-reactive protein; VLDL-TG, triglyceride content in very low densi-
ty lipoprotein.

2 Log-transformed before analysis.

b pvalue <0.001 with adjustment for waist circumference.

correlation analysis adjusted for waist circumference there was a sig-
nificant correlation between the VLDL-TG levels, HOMA (r = 0.26,
p = 0.002), apo AIl (r = 0.24, p = 0.004), apo CIII (r = 043,
p <0.001), adiponectin (r = —0.34, p <0.001) and insulin levels
(r=0.264,p = 0.001) (Table 2). When we generated a multiple linear
regression model including the above variables, we found that apo CIII,
insulin, adiponectin, and apo All concentrations continued to show
statistical significance (r> = 0.35, p = 0.03, Table 2). We did not find
any significant associations between the apo B levels and the study

Table 2
Bivariate correlations between Apo B and VLDL-triglycerides levels with biochemical and
anthropometric variables adjusted by waist circumference.

Total population Apo B VLDL-TG
n = 294

r P r P
Cases (n = 147)
Age? 0.044 0.604 —0.116 NS
Insulin® —0.021 0.802 0.264 0.001
HOMA IR* 0.014 0.864 0.258 0.002
Glucose? 0.164 0.050 0.015 NS
Apo Al 0.080 0.342 0.238 0.004
Apo CIII* 0.099 0.237 0.428 <0.001
Leptin® —0.008 0.926 —0.069 NS
Adiponectin® —0.079 0.344 —0.339 <0.001
CRP? 0.044 0.603 —0.013 NS
Controls (n = 147)
Age® 0.011 0.901 0.009 NS
Insulin® —0.080 0.342 0.063 NS
HOMA IR* —0.068 0.430 0.071 NS
Glucose? 0.053 0.534 0.045 NS
Apo Al —0.070 0.418 0.103 NS
Apo CIII* 0.139 0.103 0.228 0.007
Leptin® —0.040 0.642 —0.116 NS
Adiponectin® 0.029 0.740 —0.143 NS
hs-CRP? 0.018 0.830 0.175 0.041

VLDLTG: VLDL triglyceride content in very low-density lipoprotein; hs-CRP, high sensitive
C-reactive protein.
2 Log transformed before analysis.

variables. In addition we performed the same bivariate analysis in
control subjects and found that only apo CIII (r = 0.23, p < 0.01), and
HS-PCR levels (r = 0.175, p = 0.04) were correlated with VLDL-TG
(Table 2). In the multiple lineal regression model both of these variables
determine the variability in VLDL-TG levels (r = 0.13, p = 0.03)
(Table 3). Consistently, no correlation between apo B levels and these
study variables was found in the control group as well.

3.4. Apo CIII concentrations: effect on plasma lipids in cases and controls

We evaluated the relationship between Apo CIII and the severity of
dyslipidemia with other study parameters. We divided the cases and
control according to tertiles of apo CllI levels. The FCHL individuals local-
ized in the highest tertiles of Apo CIII had the highest concentrations of
VLDL-TG (p < 0.001) In addition; these individuals had the lowest con-
centrations of HDL-C (p < 0.001). We found no association between the
levels of Apo B and the tertiles of apo C Il in both cases and controls
(Table 4).

3.5. Biochemical characteristics by lipid phenotypes

In addition we compared the same study variables dividing the FCHL
cases according to lipid phenotype (isolated hypercholesterolemia and
mixed hyperlipidemia/hypertriglyceridemia). Isolated hypercholester-
olemia was present in 12.9% of the study sample. This phenotype was
associated with the lower levels of HOMA-IR (p = 0.012), insulin
(p = 0.008), Apo CIII (p = 0.001), Apo B (<0.001) and VLDL-TG con-
centrations (p < 0.001). This group had the highest levels of adiponectin
(p = 0.005). As expected the mixed hyperlipidemia/isolated hypertri-
glyceridemia phenotype (87.1%) had the highest Apo CIII (p = 0.001),
apo B (p <0.001) and insulin levels (p <0.001) and the lowest
adiponectin levels (p < 0.001). There was no difference in waist circum-
ference, leptin, HS-CRP and glucose levels between lipid phenotypes
(Table 5).

3.6. Determinants of HDL-C levels in FCHL

Finally we investigated the factors that determine the variability in
HDL cholesterol levels in FCHL cases. In bivariate partial correlation
analysis adjusted for waist circumference, HDL-cholesterol showed cor-
relations with insulin (r = —0.221, p = 0.008), apo All (r = 0.164,p =
0.049), apo CIII (r = —0.208, p = 0.013) and adiponectin levels (r =
0.189, p = 0.024). In the multiple lineal regression analysis the
abovementioned variables remained significantly associated with the
HDL-C concentration (r?> = 0.448, p = 0.033). We performed the
same bivariate analysis in control subjects and found that HDL-C cor-
related only with leptin (r = 0.204, p = 0.012), apo All (r = 0.246,
p = 0.004) and adiponectin levels (r = 0.434, p < 0.001). These factors
were independent contributors to the HDL-C concentration.

Table 3
Multiple stepwise multiple regression analysis showing independent variables associated
with VLDL-TG levels.

VLDL-TG Independent variables B Standardized 3t p variable

Cases® Apoprotein CIII 0.164 0.365 5.2 <0.001
Insulin 0.405 0.281 4.0 <0.001
Adiponectin —0.544 —0.255 —3.6 <0.001
Apoprotein All 0.545 0.145 21 0.035

Controls®  Apoprotein CIIT 0.132 0.223 2.8  0.005
hs-CRP 0.101 0.176 2.1 0.030

hs-CRP, high sensitive C-reactive protein. The analysis also included waist circumference,
leptin and glucose which were excluded in the final model.

@ Parameters of the model: r? = 0.346, F = 4.51, p = 0.035.

b Parameters of the model: 12 = 0.136, F = 4.8, p = 0.047.
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Table 4
Apo CIII concentration is associated with VLDL-TG and HDL-C levels in cases.
Variable FCHL subjects Controls
Apoprotein CIII tertiles Apoprotein CIII tertiles
1 2 3 p value® 1 2 3 p value®
(n = 20) (n = 45) (n = 82) (n = 20) (n = 45) (n = 82)
VLDL-TG 924 + 65.8 147.8 + 74.8 301.3 + 2504 <0.001 52.6 + 482 75.1 4+ 107.2 60.8 + 24.1 0.032
Apo B 1375 + 313 1332 + 193 139.5 + 25.6 0415 77.3 £ 139 79.6 + 11.7 82.1 £ 132 NS
HDL-c 483 4+ 122 451 4+ 95 39.5 + 104 <0.001 50.8 £ 11.1 49.1 + 113 46.1 +£ 7.7 NS

FCHL, familial combined hyperlipidemia; VLDL-TG, VLDL triglyceride content in very low density lipoprotein. Data are presented as mean 4 SD.

@ Adjusted for waist circumference.

4. Discussion

Our results show that in subjects with FCHL the factors that modu-
late the composition of VLDL particles are apo CIII, apo All, insulin, and
adiponectin levels. These parameters explained 34% of the variability
in VLDL-TG levels. We did not find any determinants of the number of
the apo B containing particles.

Our data confirm that FCHL subjects have higher insulin, HOMA, apo
All, apo CIII, HS-CRP, leptin, apo B, and VLDL-TG levels; and lower
adiponectin and HDL-C levels compared with healthy controls even
after adjusting for waist circumference. This finding suggests that the
pathogenic pathways involved in FCHL appear to be independent of
the presence of obesity.

These results are partially in agreement with the current literature.
With respect to VLDL triglyceride content, our results confirm an associ-
ation with insulin levels, although, this variable was not the predomi-
nant factor. Insulin resistance is not uniformly found in all FCHL cases,
and only partially explains the dyslipidemia severity [12,29]. Insulin
plays a critical role in the regulation of essential steps in lipoprotein
metabolism. Hyperinsulinemia stimulates lipogenesis and APO B ex-
pression [30,31]. In contrast, hepatic insulin resistance results in de-
creased inhibitory actions on triglyceride synthesis and VLDL secretion
[32]. Insulin represses VLDL secretion through the inhibition of the
expression of MTP (Microsomal Transfer Protein) gene, by stimulating
proteasome apolipoprotein B degradation and by inhibiting ARF (ADP-
ribosylation factor) and phospholipase D1, proteins involved in the
transfer of VLDL precursors through the Golgi. Thus, insulin resistance
results in increased lipogenesis in combination with decreased in-
hibition of triglyceride synthesis and VLDL overproduction. These ab-
normalities explain the association between higher insulin levels and
increased VLDL-TG concentrations.

On the other hand, we did not demonstrate an association between
insulin levels and the total number of atherogenic particles (apo B

Table 5
Inflammatory and biochemical markers by lipid phenotype in FCHL subjects.
Characteristic Mixed/HTG Hypercholesterolemia p value
hyperlipidemia (n=19)
(n = 128)
Age (y) 41 £ 12 46 + 15 NS
Waist (cm) 91.7 £ 11 873 + 10 NS
Waist-to-hip ratio 0.56 + .06 0.55 £+ .07 NS
Apoprotein All (mg/dl) 37 (33-41) 36 (33-37) NS
Apoprotein CIII (mg/dl) 15 (7-29) 34 (2.1-4.7) 0.001
Apoprotein B (mg/dl) 135 (122-154) 122 (111-130) <0.001
VLDL-TG (mg/dl) 190 (127-286) 59 (37-87) <0.001
Glucose (mg/dl) 89 (82-96) 90 (82-94) NS
Insulin (uUI/ml) 12.6 (8.4-16.6) 7.7 (4.9-13.5) 0.008
HOMA IR 2.7 (1.8-3.8) 1.6 (1.0-3.0) 0.012
Adiponectin (pg/ml) 8.3 (6.1-10.2) 9.9 (7.6-12.3) 0.005
Leptin (ng/ml) 16.1 (9.7-24.7) 16.6 (8.2-26.6) NS
hs-CRP (mg/1) 2.1 (1.0-4.2) 2.3 (1.1-44) NS

HOMA, homeostasis model assessment; hs-CRP, high sensitive C-reactive protein; VLDL-
TG, VLDL triglyceride content. Data are presented as mean + SD or median and IQR.

concentration). This is in agreement with previous observations dem-
onstrating that approximately 80% of FCH subjects had apo B levels
above the 90th percentile at any level of insulin or amount of intra-
abdominal adipose tissue [12]. The main determinant of plasma apoli-
poprotein B concentration is LDL catabolism. Although insulin has regu-
latory actions on the number and function of the LDL receptors, insulin
resistant states are not characterized by severe defects in LDL clearance.
The differential effect of insulin resistance in various processes involved
in the metabolism of the apo B containing lipoproteins may explain why
insulin is strongly associated with VLDL-TG, but it is not a determinant
of apo B levels in FCHL patients.

As indicated, insulin is an important contributor to the metabolic
abnormalities observed in FCHL, but other less-well identified factors
should certainly be considered. In our study, apo CIII was the most
important variable that influenced VLDL composition. This finding rein-
forces the renewed interest in the regulation and actions of apo CIII. Apo
ClIII is involved in both hepatic lipoprotein synthesis (i.e. increasing
VLDL-1 secretion) and LPL inhibition. Apo CIII plasma levels and synthe-
sis are positively correlated with triglyceride concentrations, and its
secretion is increased in insulin resistance states characterized by free
fatty acid and increased glucose levels [33,34]. Caron et al. showed
that glucose increases Apo CIII gene expression via hepatic nuclear
factor-4 alpha and carbohydrate-responsive element binding protein,
but not the liver X receptor [35,36]. Under physiologic conditions, insu-
lin inhibits its expression, but this regulatory action is lost in insulin
resistant states. As a result, APOC3 gene expression is remarkably aug-
mented in insulin resistant states, including FCHL. This abnormality
may stimulate the secretion of the VLDL-1 particles; these have higher
triglyceride content and are characteristically increased in FCHL. How-
ever, the association between Apo CIII plasma levels and the VLDL-
triglycerides remained significant after adjusting for waist circumfer-
ence and insulin levels (Table 4). In several populations, including
Mexicans, SNPs located in APOC3 and in the APOA1/C3/A4/A5 cluster
regulate APOC3 expression and are associated with the FCHL phenotype.
Thus, genetic and metabolic interactions may explain the prominent
role of apo CIII in the pathogenesis of FCHL. In addition, in our study
when classifying FCHL subjects according to the apo CIII tertiles, we
found that those in the highest tertile had the lowest adiponectin and
HDL-levels and the highest apo All and HS-CRP. As apo CIII inhibits the
anti-inflammatory action of HDL particles, increased apo CIII levels
may contribute to the atherogenic risk of FCHL by altering HDL number
and function and play a role in the abnormal HDL metabolism found in
this condition [37].

Another novel metabolic marker influencing the VLDL particles
composition in the FCHL group was apo All This protein is the second
most abundant of HDL-C and has been linked to FCHL [13]. Several stud-
ies have shown that apo All promotes insulin resistance and has diverse
effects on lipid homeostasis. It displaces paraoxonase from HDL par-
ticles altering its anti-inflammatory properties [38,39]. It also has been
observed that apo All takes apo Al off the surface of HDL particles, mak-
ing them less susceptible to lecithin acyl transferase action (LCAT). This
affects reverse cholesterol transport and contributes to the pro-
atherogenic profile associated with apo All [40]. Furthermore, this
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alteration in function and structure of the HDL particles results in de-
creased lipoprotein lipase mediated lipolysis, causing an increase in
apo All rich HDL particles, typically found in FCHL. An additional inter-
esting mechanism demonstrated by Julve et al. [41] shows that ApoAll
enrichment of HDL particles displaces ApoCll, CIIl and ApoE out of HDL
particles decreasing its potential LPL activation in mice and humans.

Adiponectin was also found to modulate VLDL-triglyceride levels in
our study. The low levels of adiponectin have been implicated in the
pathogenesis of FCHL, contributing directly to the presence of an athero-
genic lipid profile, regardless of the level of insulin sensitivity and
obesity. The level of adiponectin in our patients was an additional deter-
minant of the composition of the VLDL particles, regardless of the
adjustment for waist circumference. As demonstrated by Kazumi T
et al. the adiponectin level was negatively associated with Apo B and
VLDL-TG [42].

Finally, we analyzed the FCHL population by lipid phenotype. Our
data show that hypertriglyceridemia FCHL patients had a different met-
abolic profile compared to patients with isolated hypercholesterolemia.
The former group seemed to have the most atherogenic profile associat-
ed with higher levels of apo CIII, apo B, VLDL-TG, insulin and HOMA. In
addition, individuals in the isolated hypercholesterolemia group had
lower insulin concentrations and higher adiponectin levels.

We acknowledge that this study has limitations; these include the
cross-sectional design and the sample size. These factors limit the
power of the study for confirming the differences encountered between
lipid phenotypes. In addition, we cannot extrapolate our results to other
populations due to genetic differences between ethnic groups. One of
the principal strengths of this study is that the cohort of subjects with
FCHL and their family members has been extensively studied resulting
in a high degree of certainty regarding the diagnosis of this primary
dyslipidemia in these subjects.

5. Conclusion

In summary, novel factors were identified that determine the VLDL-
triglyceride content as surrogate of VLDL particle composition such as
apo CIII, apo All, insulin, and adiponectin. We did not find any factors
that explained the number of apolipoprotein B-containing particles in
FCHL patients. Our data confirms the complex nature of the metabolic
derangements present in FCHL and adds novel parameters associated
with the atherogenic physiopathology of this disease.
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