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Plasma apoAv levels are markedly elevated
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ABSTRACT

Objective: The recently discovered apoAv is hypothesized to affect triglyceride metabolism by
stimulating the lipolysis of triglycerides in vLDL and chylomicrons. We set out to determine the
association betweenincreased serum TG levels, plasma apoAv levels, and polymorphism of the ApoA5
gene, with specific emphasis on the APOA5 s19w variation. This mutation alters the endoplasmic
reticulum signal peptide and is hypothesized to impair apoAv secretion into the circulation.

Methods and Results: Two haplotype-tagging APOAS5 polymorphisms, APOAS S19W and APOAS
-11317>C and plasma apoAv levels were determined in a previously characterized population of
patients with severe hypertriglyceridemia (HTG). As compared to a random control population, the
allele frequencies of the APoA5 s19w and —1131T>C rare variants were significantly increased in HTG
patients. Furthermore, the HTG population exhibited markedly elevated plasma apoAav levels that
were positively correlated with serum TG levels. Plasma apoAv levels were positively correlated with
occurrence of the APOA5 s19w rare variant.

Conclusions: The increased allele frequencies of the APOA5 s19w and —1131T>C rare variants in
the HTG population are in agreement with previous reports. Our data show a positive correlation
between apoAv and TG levels. Moreover the finding of a positive association between apoav levels
and the APOA5 s19w rare variant is in disagreement with the hypothesis that this variant is poorly
secreted.

INTRODUCTION

The recently identified apolipoprotein (apo) Av*? has been shown to affect triglyceride (TG) levels
in mouse models. Serum TG concentrations in mice were 4-fold increased upon deficiency of the
endogenous APOAS5 gene and were decreased by 65% by overexpression of the human APOAS gene
'. Adenovirus-mediated transfer of murine APoA5 to mice resulted in a dose-dependent reduction of
serum TG3>*. Thus, in these animal model studies, plasma apoAv levels are negatively correlated with
serum TG levels.

In alarge number of human populations, polymorphisms in the APOAS gene have been associated
with variationinserum TG level (for reviews sees7). Moreover, deficiency forapoAv has been associated
with HTG®™, confirming the TG-lowering activity of apoAv. The APOAS5 gene is localized in a gene
cluster containing Apoc3, APOA1 and APOA4, characterized by a high level of linkage disequilibrium.
Single nucleotide polymorphisms (sNPs) in the APoAS gene fall into three common haplotypes:
APOA5*1, with common alleles at all sites; APOA5*2, with rare alleles of -1131T>C, -3A>G, 751G>T, and
1891T>C; and APOA5*3, distinguished by c.56¢c>G (s19w)™™.

ApoAv is a 39 kDa protein (343 amino acids) that may enhance LpL mediated TG hydrolysis, most
likely in concert with heparin sulphate proteoglycans33. The APOA5 s19w mutation is located in
the endoplasmic reticulum signal peptide and is hypothesized to decrease the apoAv secretion rate .
Recent studies using a secreted alkaline phosphatase as reporter protein for signal peptide function
are in agreement with this hypothesis®.

Inthe current study, we have screened a severely hypertriglyceridemic population for the frequency
of the most common ApPoAs haplotype tagging SNP’s, -1131T>C for APOA5*2 and s19w for APOA5*3.
In addition, we have determined the plasma apoAv levels and correlated these levels with serum TG
levels and APoAS5 haplotype tagging sNps. We find an increased frequency of the Apoas —1131C>T
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and APOA5 s19W rare variants in the HTG population and markedly elevated plasma apoAv levels.
Moreover, the apoAv levels are positively associated with serum TG levels. These data do not support
the previously reported negative association between plasma apoAv and TG levels™"” and presumed
secretion defect of the APOAS S19W rare variant.

MATERIALS AND METHODS
PATIENT AND CONTROL POPULATION RECRUITMENT

Hypertriglyceridemic subjects were recruited from our lipid clinic meeting the following criteria:
serum triglyceride >3.8 mmol/L, vLbL-cholesterol >1 mmol/l, LDL-cholesterol < 4.5 mmol/L and
no apoE2/E2 phenotype™®. The diagnosis was based on the means of two fasting blood samples
obtained after a step one diet of the NCEP for at least 8 weeks. Patients with renal-, liver- or thyroid
disease and/or alcohol consumption >40g/day were excluded. 29 (21%, N=139) HTG patients had
type II diabetes. The random control panel include a total of 175 anonymous subjects. Data on
age, body mass index and lipid levels of random control subjects were not available. The random
control population consisted of 100 anonymous blood donors, blood supplied by Sanquin (Leiden,
the Netherlands) and 75 anonymous subjects of a population-based study among 2018 randomly
selected 35-year-old men® (Table 1). Informed consent was given by each participant and the study
was approved by the Medical Ethics Committee of the Lumc. All blood samples were collected after
an overnight fast. Serum was obtained after centrifugation at 1500 g for 15 min at room temperature.
Lipids and lipoproteins were measured after ultracentrifugation using standard methods?.

GENETIC ANALYSIS

Identification of the polymorphisms was performed using pcRr followed by restriction enzyme
analysis. The following sNPs were analyzed: APOAS c.56 C>G (S19W) and APOAS —1131T>C (SNP3)™>%.
Foramplification of the APOA5 s19w fragment (c.56 ¢>G) the following primers were used: 5’-CCA GAA
GCC TTT CCG TGC CTG GGC GGC-3’ (sense) and 5’-TGT AAA ACG GCC AGT - AAA AGG AAA A-CGG CCG-
GTG CTC ACC TGG GCT GCT CTT c-3’ (antisense). The penultimate base in the forward primer (sense)
was changed to a c to create a Ecos21recognition site in the common allele. This recognition site was
also introduced in the reverse primer (antisense), which served as a digestion control. To establish
an optimal visualization, the 3’ primer also was elongated with a 5’ additional M13 tail. Fragments
of 24, 156 and 27 bp represented the Ser-19 allele and the fragments 24 and 184 bp represented the
Trp-19 allele.

The primers for amplification of the APOA5 -1131T>C SNP were as follows: 5’-cCC CAG GAA CTG GAG
CGA AAT T-3’ (sense) and 5’-TGT AAA ACG GCC AGT AAA AGG AAA AGG AAA AGG TTA AGA TTG ATT
CAA GAT GCA TTT AGG Ac-3’ (anti-sense). The penultimate base in the forward primer (sense) was
changed to a T to create a Tru1 recognition site in the common allele. This recognition site was also
introduced in the reverse (antisense) primer, which served as a digestion control. To establish an
optimal visualization, the 3’ primer also was elongated with a 5’ additional m13 tail. Fragments of 21,
168 and 36 bp represented the —1131T allele and the fragments 36 and 189 bp represented the —1131C
allele.
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ANALYSIS OF PLASMA APOAV LEVELS

Total plasma apoAv levels were measured by means of a sandwich ELISA assay =. A subset of the
population, representing individuals from all tertiles with respect to serum TG and apoav levels
(as determined by ELISA) was analyzed by semi-quantitative Western blot analyses as previously
described>.

STATISTICAL ANALYSIS

For both polymorphisms and haplotypes, the Hardy-Weiberg equilibrium was calculated using the
gene-counting method and differences were assessed by chi-squared analysis. P-values lower than
0.05 were considered as significant differences. Differences in sex were evaluated with Chi-squared
analysis. Data in table 1are expressed as mean + sp. Data in figure 1,2 and 3 are expressed as mean +
S.E.M. Since total TG and apoAv levels showed non-Gaussian distributions, the mean differences of
these parameters between groups were calculated by means of Mann-Whitney analysis. Association
analysis between the TG concentration and apoAv concentration was performed by subdividing T
levelsin quartiles (3.80-6.31,6.53-9.42, 9.45-15.71and 16.64-82.14 mmol/L resp.) All statistical analyses
were performed with spss for windows 11.0.1 (sPss, Chicago, 1L, release November 2001).

RESULTS
FREQUENCY OF APOA5 HAPLOTYPE-TAGGING SNP’S IN HTG AND CONTROL POPULATION

The occurrence of 2 common haplotype-tagging APOAS SNPs, APOA5 -1131 T>C (haplotype APOA5*2)
and APOAS5 c.56C>G (519w, haplotype APOA5*3) were determined in 141 patients with severe HTG
and 175 control individuals (random control panel) (for population characteristics, see Table 1).
Allele frequencies for both
polymorphisms in the HTG
and random control subjects

Table 1: Characteristics of patients with hypertriglyceridenia and controls

HTG N RCP N

Male 19(84.4%) 141  171(97.7%) 175
( ) ( ) were in  Hardy-Weinberg

Female 22(15.6 %) 141 4(2.3%) 175 o

equilibrium. Allele frequency
Age 53.9+10.7 141

of the rare APOA5 -1131 T>C
range 26-78 ) .

SNP is 5.9% in the control
BMI (kg/m2) 27.7%3.4 141

population versus 23.5% in

Total triglycerides (mmol/L)  14.3£13.8 141

the HTG population (P<0.05).
12.0+12.3 132

Similarly, allele frequency of
the rare variant of the ApoAs
S19W is 4.4 % in the control
population versus 19.1 % in
the HTG population (P<o.05).
Thus,boththeAPoAs —1131T>C
and APOA5 S19W rare variants

vLDL-triglycerides (mmol/L)
apoAvV (ng/ml) 965.2 +1391.8 129
Total cholesterol (mmol/L) 8.8+3.9 141
HDL-C (mmol/L) 0.68+t0.20 137
vLDL-C (mmol/L) 5.0t 4.1 132
LbL-¢ (mmol/L) 2.8f15 132

HOMA index 14.0£16.7 135

Rrcp indicates random control panel; N indicates total number of subjects with available data

about respective parameter; Age, body mass index, lipid levels, HOMA index and apoAv levels are
presented as mean + sp
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ASSOCIATION BETWEEN PLASMA APOAV, TG LEVELS AND
APOA5 POLYMORPHISMS

Plasma apoAv levels in the HTG population were
determined by sandwich ELISA. ApoAv levels in a selected
set of individual sera were confirmed by an independent
ELISA and also by semi-quantitative Western Blot analyses
(data not shown). All replicate data were in near perfect
concordance. Average plasma apoAv concentration in the
HTG population was 0.97 +1.39 ug/ml, which is 4 to 5—fold
increased as compared to reported apoAv levels in normal
individuals™®™3,

Twenty HTG patients were taking antihypertensive
medication. The apoAav levels were not significantly
different between the treated and untreated groups of
patients. Association studies were performed between
APOAS polymorphic variants and plasma apoAv and TG
levels. Figure 1 shows that there is a significant positive
correlation between presence of the APOA5 si19w rare
variant and plasma APOAs levels (P<o.05). No association
was found between presence of the APOA5 —1131T>C rare
variant and plasma APOA5 levels.

Neither the APOA5 s19w nor the APOA5 —1131T>C rare
variants were correlated with serum TG levels (Fig. 2). The
plasma apoAv levels were positively correlated with serum
TG levels. The apoAv level in the lowest quartile of serum
TG level (up to 6.31 mmol/L) is significantly different from
the apoav levels in all subsequent quartiles of serum TG
level (Fig. 3).

DISCUSSION

Here, we show that the frequencies of the APOA5 s19w
and -n131T>c variant allele carriers are about four times
higher in patients with severe hypertriglyceridemia than in
the control population, indicative for a causal association
of the APOA1/c3/A4/A5 locus with this complex lipid
disorder. Plasma apoAv levels are approximately s5-fold
increased as compared to normal controls™ and positively
correlated with serum TG levels and the APOA5 s19w rare
variant. The increased frequencies of the APOA5 s19w and
-1131T>C rare variants in the HTG population are in line
with previous reports, that have demonstrated a positive
correlation between both these variants and TG levels in
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various populations*? (for reviews see 57). Somewhat surprisingly, within the HTG population itself,
the correlation between TG levels and presence of the APOA5 S19W or APOAS5 -1131C>T rare variants
was not significant (Fig. 2). However, since a trend seems present, this may be a power problem due to
the size of the population. In addition, the lack of correlation may be caused by the selection criteria
used for inclusion of patients in the HTG population. Half of the HTG population is characterized by
TG levels of more than g mmol/L (upper two quartiles of the population (Fig. 3). It is more than likely
that especially these quite extreme HTG patients will have mutations in additional genes causing the
high TG levels that will be dominant over the effects associated with the APoA5 variants.

The increased average apoAv levels in the presence of HTG and the positive correlation between
apoAV levels and TG levels indicate that, at least in these patients, the presumed LpL-stimulatory
activity of apoAv does not normalize circulating TG levels. This observation contrasts with a study in
Japanese indivuals that demonstrated a negative correlation between plasma apoAv and serum TG
levels™ and with two other independent studies which both found that apoAv deficiency is associated
with HTG in humans®s. Interestingly, individuals that are heterozygous for apoAv deficiency have a
highly variable phenotype®s, indicating that additional factors may be necessary for the expression of
apoAv-associated hyperlipidemia. The observation that the phenotypes of apoAv overexpression and
apoAv-deficiency in mice are so clear cut, could indicate that these factors are skewed in a species-
specific manner as to emphasize the role of apoAv. The identity and role of these putative modifiers
remain to be established.

Several explanations could be invoked to explain the positive correlation between apoav and
TG levels and some of these may be affected by species-specific modifiers. First, the disturbance
in TG metabolism in a large fraction of the HTG patients is dominant over the presumed apoAv TG-
lowering effect. For example, if more potent inhibitors of lipolysis are up-regulated. It is possible
that apoAv may actually even be up-regulated as a consequence of the HTG, but to no avail. Analysis
of the production and turn-over rate of apoAv should clarify this issue. Second, the increased plasma
levels of apoAv are a consequence of the altered lipoprotein structure present in HTG. If apoAv has
for example a higher affinity for large-sized TG-rich particles, the observed increase in plasma apoav
levels is a symptom of HTG=. Third, apoAv could be up-regulated as an indirect consequence of HTG.
Itis conceivable that apoAv may have an as yet unknown function in liver homeostasis. For example,
it is unknown what the mechanism is underlying the up-regulation of APOA5 expression after partial
hepatectomy?. It should be noted that plasma apoAv levels did not correlate with saAA levels and
thus presumably not with liver dysfunction per se (data not shown). Independent of the explanation
underlying the increased apoAv levels in HTG patients, it is obvious that in the majority of individuals
of this HTG population, the TG-lowering effect of apoAv is not sufficient to normalize TG levels.

The analyses of ApoAs variant allele frequencies and correlations with apoAv and TG level were
performed under the assumption that the APOA5 s19w and APOAS -1131T>C rare variants are allele-
tagging variants. Although we have not performed a haplotype analysis in the HTG population, this
assumption seems reasonable since the ApoAs haplotypes are in Hardy-Weinberg equilibrium in
the HTG population. Moreover, the haplotype structure has been confirmed in numerous population
studies®™=?%2%, Since we have not studied other polymorphic sitesin APOA1/C3/A4/A5 locus, we cannot
draw conclusions on the causality between the presence of the APOA5 s19w and APOAS -1131T>C rare
variants and HTG or apoAvV level. However, it is of interest to note that the APOA5 s19w variant allele
is characterized by presence of the most common (wild type) variants of other sNpP’sin the APOA1/C3/
A4/A5 locus™?*%8, The APOAS s19W variation occursin the signal peptide for co-translational transport
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into the endoplasmic reticulum. Computer modeling of this variation indicated a conformational
change and in vitro analysis using a secreted alkaline phosphatase as reporter demonstrated that the
variant signal peptide resulted in 5o less efficiently secretion as compared to the wild type form ™.
Therefore, the positive correlation between the presence of the ApoA5 s19w rare allele and serum
apoAvV levels is unexpected.

This study was designed to test the hypothesis that apoAv levels are negatively correlated with
HTG. The positive correlation between plasma apoAv levels and TG levels on the one hand and apoAv
levels and the APOA5 s19w rare variant on the other hand provide evidence against (1) a dominant
role for apoAv in reducing serum TG levels in HTG patients and, (2) a secretion defect associated with
the APOA5 s19w variant. These observationsillustrate that the postulated role of apoAv as dominant
gene determining serum TG levels in humans may require adjustment.

ACKNOWLEDGEMENTS

This work was performed in the framework of the Leiden Center for Cardiovascular Research
LuMc-TNO and supported by grants from the Nutrigenomics Consortium (NGc) and the Center of
Medical Systems Biology (cmsB) established by the Netherlands Genomics Initiative/Netherlands
Organization for Scientific Research (NGI/NwO).

REFERENCES

1. Pennacchio LA, Olivier M, Hubacek JA, Cohen JC, Cox DR, Fruchart JC, Krauss RM, Rubin EM. An apolipoprotein influencing
triglycerides in humans and mice revealed by comparative sequencing. Science 2001;294:169-173.

2. van der Vliet HN, Sammels MG, Leegwater AC, Levels JH, Reitsma PH, Boers W, Chamuleau RA. Apolipoprotein A-V: a novel
apolipoprotein associated with an early phase of liver regeneration. ] Biol Chem 2001;276:44512-44520.

3. Schaap FG, Rensen PC, Voshol P], Vrins C, van der Vliet HN, Chamuleau RA, Havekes LM, Groen AK, van Dijk KW. ApoAv
reduces plasma triglycerides by inhibiting very low density lipoprotein-triglyceride (vLDL-TG) production and stimulating
lipoprotein lipase-mediated vLDL-TG hydrolysis. ] Biol Chem 2004;279:27941-27947.

4. van der Vliet HN, Schaap FG, Levels JH, Ottenhoff R, Looije N, Wesseling JG, Groen AK, Chamuleau RA. Adenoviral
overexpression of apolipoprotein A-V reduces serum levels of triglycerides and cholesterol in mice. Biochem Biophys Res Commun
2002;295:1156-1159.

5. Lai CQ, Parnell Lb, Ordovas JM. The APOA1/C3/A4/As gene cluster, lipid metabolism and cardiovascular disease risk. Curr
Opin Lipidol 2005;16:153-166.

6. Pennacchio LA, Rubin EM. Apolipoprotein As, a newly identified gene that affects plasma triglyceride levels in humans and
mice. Arterioscler Thromb Vasc Biol 2003;23:529-534.

7.van Dijk KW, Rensen PC, Voshol PJ, Havekes LM. The role and mode of action of apolipoproteins CIII and Av: synergistic actors
in triglyceride metabolism? Curr Opin Lipidol 2004;15:239-246.

8. Oliva CP, Pisciotta L, Li VG, Sambataro MP, Cantafora A, Bellocchio A, Catapano A, Tarugi P, Bertolini S, Calandra S. Inherited
apolipoprotein A-V deficiency in severe hypertriglyceridemia. Arterioscler Thromb Vasc Biol 2005;25:411-417.

9. Marcais C, Verges B, Charriere S, Pruneta V, Merlin M, Billon S, Perrot L, Drai ], Sassolas A, Pennacchio LA, Fruchart-Najib J,
Fruchart JC, Durlach V, Moulin P. ApoAs Q139X truncation predisposes to late-onset hyperchylomicronemia due to lipoprotein
lipase impairment. J Clin Invest 2005;115:2862-2869.

10. Grosskopf I, Baroukh N, Lee SJ, Kamari Y, Harats D, Rubin EM, Pennacchio LA, Cooper AD. Apolipoprotein a-v deficiency
results in marked hypertriglyceridemia attributable to decreased lipolysis of triglyceride-rich lipoproteins and removal of their

remnants. Arterioscler Thromb Vasc Biol 2005;25:2573-2579.

PLASMA APOAV LEVELS ARE MARKEDLY ELEVATED IN SEVERE HYPERTRIGLYCERIDEMIA AND POSITIVELY CORRELATED WITH

THE APOAS5 S19W POLYMORPHISM



5o

11. Olivier M, Wang X, Cole R, Gau B, Kim J, Rubin EM, Pennacchio LA. Haplotype analysis of the apolipoprotein gene cluster on
human chromosome 11. Genomics 2004;83:912-923.

12. Pennacchio LA, Olivier M, Hubacek JA, Krauss RM, Rubin EM, Cohen JC. Two independent apolipoprotein As haplotypes
influence human plasma triglyceride levels. Hum Mol Genet 2002;11:3031-3038.

13. Lookene A, Beckstead JA, Nilsson S, Olivecrona G, Ryan RO. Apolipoprotein A-V-heparin interactions: implications for plasma
lipoprotein metabolism. J Biol Chem 2005;280:25383-25387.

14. Merkel M, Loeffler B, Kluger M, Fabig N, Geppert G, Pennacchio LA, Laatsch A, Heeren J. Apolipoprotein Av accelerates
plasma hydrolysis of triglyceride-rich lipoproteins by interaction with proteoglycan-bound lipoprotein lipase. J Biol Chem
2005;280:21553-21560.

15. Talmud PJ, Palmen J, Putt W, Lins L, Humphries SE. Determination of the functionality of common ApoAs polymorphisms. J
Biol Chem 2005;280:28215-28220.

16. Ishihara M, Kujiraoka T, Iwasaki T, Nagano M, Takano M, Ishii J, Tsuji M, Ide H, Miller IP, Miller NE, Hattori H. A sandwich
enzyme-linked immunosorbent assay for human plasma apolipoprotein A-V concentration. J Lipid Res 2005;46:2015-2022.

17. O’Brien PJ, Alborn WE, Sloan JH, Ulmer M, Boodhoo A, Knierman MD, Schultze AE, Konrad R]. The novel apolipoprotein As is
present in human serum, is associated with vipL, HDL, and chylomicrons, and circulates at very low concentrations compared
with other apolipoproteins. Clin Chem 2005;51:351-359.

18. Hau MF, Smelt AH, Bindels AJ, Sijbrands EJ, van der LA, Onkenhout W, van Duyvenvoorde W, Princen HM. Effects of fish oil
on oxidation resistance of vLDL in hypertriglyceridemic patients. Arterioscler Thromb Vasc Biol 1996;16:1197-1202.

19. Jonkers IJ, Smelt AH, van der LA. Hypertriglyceridemia: associated risks and effect of drug treatment. Am J Cardiovasc Drugs
2001;1:455-466.

20. Smit M, De Knijff P, Rosseneu M, Bury ], Klasen E, Frants R, Havekes L. Apolipoprotein E polymorphism in The Netherlands
and its effect on plasma lipid and apolipoprotein levels. Hum Genet 1988;80:287-292.

21. De Man F, de Beer F, van der Laarse A, Janssen H, Leuven L, Souverijn J, Vroom T, Schoonmans S, Fruchart J, Havekes L, Smelt
A. The hypolipidemic action of bezafibrate therapy in hypertriglyceridemia is mediated by upregulation of lipoprotein lipase: no
effects on vLDL substrate affinity to lipolysis or LDL receptor binding. Atherosclerosis 2000; 153:363-71

22. LiuH, Zhang§S, Lin], Li H, Huang A, Xiao C, Li X, Su Z, Wang C, Nebert DW, Zhou B, Zheng K, ShiJ, Li G, Huang D. Association
between DNA variant sites in the apolipoprotein As gene and coronary heart disease in Chinese. Metabolism 2005;54:568-572.
23. Pruneta-Deloche V, Ponsin G, Groisne L, Fruchart-Najib J, Lagarde M, Moulin P. Postprandial increase of plasma apoav
concentrations in Type 2 diabetic patients. Atherosclerosis 2005;181:403-40s5.

24. Klos KL, Hamon S, Clark AG, Boerwinkle E, Liu K, Sing CF. APoAS5 polymorphisms influence plasma triglycerides in young,
healthy African Americans and whites of the CARDIA Study. J Lipid Res 2005;46:564-571.

25. Martin S, Nicaud V, Humphries SE, Talmud PJ. Contribution of APOAS gene variants to plasma triglyceride determination and
to the response to both fat and glucose tolerance challenges. Biochim Biophys Acta 2003;1637:217-225.

26. Talmud PJ, Hawe E, Martin S, Olivier M, Miller GJ, Rubin EM, Pennacchio LA, Humphries SE. Relative contribution of variation
within the APOC3/A4/As gene cluster in determining plasma triglycerides. Hum Mol Genet 2002;11:3039-3046.

27. Talmud PJ, Martin S, Taskinen MR, Frick MH, Nieminen MS, Kesaniemi YA, Pasternack A, Humphries SE, Syvanne M. APoAS
gene variants, lipoprotein particle distribution, and progression of coronary heart disease: results from the LOCAT study. J Lipid
Res 2004;45:750-756.

28. Eichenbaum-Voline S, Olivier M, Jones EL, Naoumova RP, Jones B, Gau B, Patel HN, Seed M, Betteridge D], Galton D], Rubin
EM, Scott ], Shoulders CC, Pennacchio LA. Linkage and association between distinct variants of the APOA1/C3/A4/As gene

cluster and familial combined hyperlipidemia. Arterioscler Thromb Vasc Biol 2004;24:167-174.

GENETICS OF METABOLIC SYNDROME AND RELATED TRAITS



PLASMA APOAV LEVELS ARE MARKEDLY ELEVATED IN SEVERE HYPERTRIGLYCERIDEMIA AND POSITIVELY CORRELATED WITH

THE APOAS5 S19W POLYMORPHISM

51



52

GENETICS OF METABOLIC SYNDROME AND RELATED TRAITS



