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The effects of treatment of hypertriglyceridemia on the subfractions of L DL
and HDL and the endothelial function

90 122 30 2

Abstract

Hypertriglyceridemiais avery common lipid disorder in Chinese. The role of high serum
triglyceride (TG) in atherosclerosis has been controversial for along time, but recently it has been
widely accepted that TG is definitely an independent risk factor for atherosclerosis.
Hypertriglyceridemiais one important component of metabolic syndrome. TG-rich lipoproteins
have been identified highly atherogenic in humans. We studied the effects of
hypertriglyceridemiaon in vitro mononuclear cell adhesion to cultured human endothelial cells
and the in vivo endothelial function by using brachial artery flow mediated dilatation method. A
total of 90 patients with 122 tests were completed. Thirty patients had 2 studies. We found that
after intervention the patients had their lipid profile markedly changed with reduction of TG and
increase of HDL-C. The mononuclear cell adhesion was found not correlated with serum TG
level but could be affected by LDL-C level. Patients with high TG levels had impaired
endothelial function which was found improved after reduction of the serum TG levels. It was
concluded that TG was not an important factor in determining the adhesion of mononuclear cells
to endothelial cells but LDL-C was. Hypertriglyceridemia could significantly affect the
endothelial function through impairment of flow-mediated vasodilatation.
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endothelial function

INTRODUCTION

Therole of hypertriglyceridemia (HTG) in the pathogenesis of atherosclerosis has been a
controversy for decades (1,2). Thisfact isreflected in the previous National Cholesterol
Education Program (NCEP) guidelines for the treatment of high blood cholesterol published in
2002 (3) and the rules for the use of lipid lowering drugs set by the National Health Insurance of
Taiwan. Austin reviewed 17 case-control studies and 18 prospective studies and concluded that
thereisasignificant correlation between serum triglyceride (TG) levels and coronary artery
disease (CAD) (2). Recent studies further demonstrated HTG as an independent risk factor for
atherosclerosis and CAD (4-7). In the newest NCEP guidelines (published in 2002), the
importance of TG was more mentioned and the prominent role of metabolic syndrome was
especially emphasized (3).

Hypertriglyceridemiais one important component of the insulin resistance-linked "metabolic
syndrome” (3). TG-rich lipoproteins, such as very low density lipoprotein remnant and
intermediate dense lipoprotein, have been identified highly atherogenic (8,9). Some large scale
clinical trials also showed the efficacy of TG-lowering regimens on the secondary as well as
primary prevention of coronary heart disease (10).

In Taiwan, the prevalence of non-insulin dependent diabetes mellitus (DM) ishighand is
increasing in recent years. DM is closely related to atherosclerosis (11-16). Yet, only about
25-50% of the excess risk of atherosclerosis can be attributed to traditional risk factors. Among
the additional risk factors, quantitative and qualitative abnormalities in serum lipoproteins,
especialy the TG-rich lipoproteins, in diabetics is proposed to be very important risk factors
(17-22). In daily practice in taking care of cardiovascular patients, we found that a high
percentage of atherosclerotic patients are diabetics and the CAD patients with DM are very
frequently presented with extreme severity and wide spread distribution of the atherosclerotic
lesions.

ypertriglyceridemia has been found to be associated with small, dense low density
lipoprotein (LDL), small, dense very low density lipoprotein (VLDL), increased intermediate
density lipoprotein (IDL) and decreased high density lipoprotein (HDL), mainly HDL2b
(2,4,8,20). Asto our knowledge, there are few, if any, reported studies on the changes of
endothelia function and the level and composition of LDL and HDL in patients with HTG after
lipid lowering medication. This kind of studies are especially lack in Chinesein Taiwan.

PURPOSE OF THE STUDY

1) to study the lipid profile and lipid composition, including LDL subfractions and HDL
level and subfractions, in patients with HTG (>200 mg/dl) with or without DM;

2) to study the effects of medical interventions, including life style modification and
drug therapy, on the lipid profile and lipid composition of patients with high TG;



3) to study the effects of improvement of HTG on human endothelial function, by
measuring flow-mediated dilatation of the brachial artery with high resolution
ultrasound; and

4) to study the effects of treatment on HTG on mononuclear cell adhesion to cultured
human umbilical vein endothelial cells before and after medical intervention.

It is expected that through this study the patterns of subfractions of LDL and HDL in
Chinese patients with HTG may be identified. The benefits of treatment on HTG may be
confirmed which may contribute to the prevention and treatment of atherosclerotic cardiovascular
disorders.

SUBJECTSAND METHODS

1. Study subjects

The study subjects included patients with HTG (200-500 mg/dl) with normal (total
cholesterol <200 mg/dl) or borderline high (total cholesterol 200-239 mg/dl) cholesteral (3).
Totally, 90 cases were included and 122 studies were performed. There were 31 patients with DM
and 59 patients without DM.

2. Sudy procedure

The study subjects had blood samples checked for fasting serum lipids and fasting
glucose and, when indicated, 2-hour PC glucose and HbA 1c. Patients with serum TG levels
fitting the study criteriawere invited to participate in this study. All participants had signed an
inform consent.

On theinitial phase of this study, the patients were asked to be fasting for 12 hours.
Blood samples were taken for analyzing subfractions of LDL and HDL and for the study of
adhesion of mononuclear cells to cultured human umbilical vein endothelial cells (HUVEC) (see
below). A study on brachia artery flow mediated dilatation for endothelial function was
performed in fasting state (23).

The patients were then instructed to start life style modification which included body
weight control, exercise, diet control and smoking cessation. Lipid profile after life style
modification was rechecked in 1-2 months. If the TG levels decreased to normal range (<200
mg/dl), the studies on subfractions of LDL and HDL, brachial artery flow mediated dilatation,
and the study of mononuclear cell adhesion were repeated. If the TG levels do not reach this
target (<200 mg/dl), lipid lowering regimens were started. The potential drugs may be fibrates
and/or statins, depending on the profile of lipid abnormality and the response of the patients to
medication. The response of the patients was followed with regular blood examination for lipid
profile. If the TG levels decrease to normal range (<200 mg/dl) or with marked decrease
(decrease by >30% initia level), the studies on subfractions of LDL and HDL, brachia artery
flow mediated dilatation, and the study of mononuclear cell adhesion were repeated.



3. Sudy on brachial artery flow mediated dilatation

Brachia artery flow mediated dilatation was studied according to the method of Celermajer
et a (23). In brief, after fasting for at least 12 hours, the patients first rested quietly for 10
minutes before study. A high resolution ultrasound instrument (Hewlett-Packard Sonos 5500)
with a7.5 MHz linear array probe was used for the measurement of the right brachial artery
diameter 3-5 cm above the elbow. The end-diastolic media-to-media distance was measured.
After that measurement, a blood pressure cuff was applied to the right arm and a blood pressure
30 mmHg higher than the systolic blood pressure is applied to occlude the blood flow to the right
forearm for 4.5 minutes. The diameter of the brachial artery was measured again 1 minute after
decompression (flow-mediated dilatation). To study the endothelium-independent dilatation, the
patients received one tablet of sublingual nitroglycerin (0.6 mg) and the brachial artery diameter
was measured again and maximum diameter recorded.

4. Sudy on mononuclear cell adhesion to HUVEC

The mononuclear cell adhesion to the cultured HUVEC was carried out by the method of
Berliner et a (24).

a) I solation of serum

Fasting venous blood from patients was collected in tubes containing EDTA. One tube of
blood (3 ml) is centrifuged at 3000 rpm for 15" and plasma was collected and stored at -70 degree
C, and used for analysis | ater.

b) I'solation of mononuclear cells

To isolate mononuclear cells from the blood, the method of Menon et al. was used (25).
Anticoagulated human blood (with EDTA) was layered over an equal volume of Histopaque 1077
(Sigma), and then centrifuged at 400 x g for 30" at room temperature. Mononuclear cells were
collected from the interphase, resuspended in Tris buffer (TBS, 20 mM Tris, 0.15 M NaCl, pH
7.4). After sedimentation by centrifugation at 250 g for 10', the cells were washed and
resuspended in TBS buffer and ready for use in experiments.

¢) Adhesion study

HUVEC were cultured in 6-well culture plates. At confluence, HUVECs were rinsed with
serum-free medium for 3 times. Mononuclear cells from the patients, 2x10° cellsin 250 pl in
DMEM containing 1% heat-inactivated serum, were added to each well, and then kept in
incubator at 37-degree C. After 1 h, the non-adherent mononuclear cells were rinsed off and the
wells fixed with 1% glutaraldehyde. The attached cells were counted in each of 20 microscopic
fields.

5. Sudy on L DL subfractionsand HDL subfractions

For studying the subfractions of LDL, the method of Griffin et al. was used (26). Using this



method, LDL could be separated into LDL-I, LDL-II and LDL-IIl. Asfound by Griffin, in CAD
patients, the LDL-I1l was especialy elevated and which was corresponding to small, dense LDL
as detected by non-denaturing gradient gel electrophoresis. For comparison, in this study, the
LDL subfractionswerealso analyzed using gradient gel electrophoresis according to the
methods of Krauss (27).

The HDL subfractions were studied by the combined precipitation method using
polyethylene glycol 6000 and dextran sulfate, as described by Lundberg (28).

RESULTS

Sudy population

There were totally 90 cases collected in this study with atotal of 122 studies performed.
Thirty-one of the study subjects were diabetic, 59 were non-diabetic. The mean age was 62.9+9.9
years (range 39 to 78 years). Sixty patients had 1 single study while 30 patients had 2 studies.
Most of the patients with more than one study had their triglyceride levels improved or controlled
to normal ranges after intervention.

Lipid Changes

For al studies as awhole, the lipid datawere as follows: total cholesterol, 199.07+26.05
mg/dl; triglyceride, 255.81+93.49 mg/dl; LDL-C, 109.37+23.75 mg/dl; HDL-C, 39.52+9.76
mg/dl. Among the 30 patients who had 2 studies, the lipid data before intervention were: total
cholesterol, 190.07+20.94 mg/dl; triglyceride, 285.7+58.14 mg/dl; LDL-C, 102.18+23.79 mg/dl;
HDL-C, 37.14+7.53 mg/dl. These data changed to: total cholesterol, 194.68+26.77 mg/dl;
triglyceride, 174.61+63.7 mg/dl; LDL-C, 112.48+26.62 mg/dl; HDL-C, 41.52+13.03 mg/dl. The
changes were significant for triglyceride (285.7+58.14 mg/dl vs. 174.61+63.7 mg/dl, p<0.001),
LDL-C (102.18+23.79 mg/dl vs. 112.48+26.62 mg/dl, p<0.001) and HDL-C (37.14+7.53 mg/dl
vs. 41.52+13.03 mg/dl, p<0.001) (Table 1).

Tablel. Changesof Serum Lipidsafter Treatmein 30 cases

Lipid Before treatment After Treatment p

TC 190.07+20.94 194.68+26.77 NS
TG 285.70+58.14 174.61+63.70 <0.001
LDL-C 102.18+23.79 112.48+26.62 <0.001
HDL-C 37.14+7.53 41.52+13.03 <0.001

*TC= total cholesterol; TG= triglyceride; LDL-C= low density lipoprotein cholesterol;
HDL-C= high density lipoprotein cholesterol.




Mononuclear cell adhesion and brachial artery flow mediated dilatation

In comparing with the reference subject (the principal investigator), the mononuclear cell
adhesion to the cultured HUVEC was found to be 107.38+47.19% for all 122 studies. For the 60
patients who had only one study, the cell adhesion was averaged 110.59+59.15%. For the patients
with 2 studies, the cell adhesion data for the first and second studies were 105.05+32.06% and
102.43+34.02%, respectively (p=NS). It was found that mononuclear cell adhesion to cultured
HUVECs was affected by the level of serum LDL-C among the all studies as a group (p=0.047)
or among the patients who had only one study (p=0.044).

In the study of brachial artery flow mediated dilatation, for al studies, the mean
brachial artery diameter was 4.5+0.65 mm at basal state which increased to 4.95+0.65 mm after
pressure application (increment, 0.45+0.25 mm). For the patients who had only one study, the
datafor the brachia artery flow mediated dilatation study were 4.39+0.66 mm and 4.81+0.62 mm,
respectively, with an increment of 0.42+0.25 mm. For the patients with 2 studies, the data for the
first study were 4.57+0.61 mm at basal condition which increased to 5.0+0.7 mm after pressure
application (increment, 0.43+0.24 mm or 9.85+0.93%). At the second study, the data were: at
basal, 4.64+0.64 mm; after pressure, 5.14+0.59 mm; increment, 0.5+0.25 mm, 11.23+1.11%.
There was no significant difference between the two studies. Yet, it was interesting to note that, in
comparing the second study to the first study, the percent change of the brachial artery diameter
after nitroglycerin application was significantly increased (11.98+1.05% vs. 12.22+1.15%,
p=0.011).

In correlating the brachial artery flow mediated dilatation with the lipid levels, we
found that in patients with 2 studies, this correlation was significant at the first study when serum
TG was abnormally high (p=0.021). This correlation disappeared at the second study when the

abnormality of TG improved.

HDL and L DL subfraction study

We had incomplete study in this part because of some laboratory facility problem. Up to date,



we studied 31 cases. We did subfraction analysis on al lipids. For HDL, we could separate it into
2to 5fractions and for LDL, more than 4 fractions, might up to more than 10 fractions, according
to the electric charges. We will perform further analysis for the collected serum samplesin the

near future to complete this work.

DISCUSSION

It was found that, among our study subjects, after intensive life style modification and, if
necessary, drug management, the serum TG level could be significantly reduced and, at the same
time, HDL-C increased. But, we also observed that, in our cases, the LDL-C was significantly
increased (from 102.18 mg/dl to 112.48 mg/dl).

Unexpectedly, we could not found a correlation between serum TG level and in vitro
mononuclear cell adhesion. Asweinitially proposed, we detected a correlation between serum
TG level and endothelial cell function as studied by the brachial artery flow mediated dilatation
method. After improvement in serum TG level, the endothelial cell function became improved in
hypertriglyceridemic patients. It may be interesting to note that after improvement in serum TG
level, the endothelial independent arterial dilatation, as studied by NTG application, was also
improved. The mechanism may need further investigation.

We will continue our work on the subfraction studies on lipids. This part seemsto give
interesting information about the correlation between lipid abnormalities and cell adhesion and

endothelial function.
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