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Glycosylation of low density lipoprotein in patients
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correlations with other parameters of glycaemic control
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Summary. Glycosylation of low density lipoproteins obtained
from 16 patients with Type 1 (insulin-dependent) diabetes and
from 16age-, sex-, and race-matched controls, was deter-
mined. The diabetic patients were normolipaemic and were in
good or fair glycaemic control. Eleven patients performed
home blood glucose monitoring. Glycosylation of low density
lipoproteins in the diabetic patients was significantly higher
(p <0.001) than in the control subjects, and was significantly

correlated with haemoglobin Ay, (p <0.01), glycosylation of
plasma proteins, (p <0.001), and mean home blood glucose,
(p <0.01). This study confirms that, in diabetic patients, in-
creased glycosylation of low density lipoprotein occurs to an
extent which correlates closely with other commonly used in-
dices of glycaemic control.
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Increased non-enzymatic glycosylation [1] has been
demonstrated in many circulating and tissue proteins in
diabetes [2]. Since lipoproteins are intimately involved
with the development of atherosclerosis, the major
cause of morbidity and mortality in diabetic patients [3],
any modification of lipoprotein particles occuring in
the diabetic state is of considerable interest. Studies us-
ing low density lipoprotein (LDL) glycosylated in vitro
have demonstrated that the modified lipoprotein is de-
graded less rapidly than control LDL by human fibro-
blasts grown in tissue culture [4, 5]. This may explain the
increased levels of circulating LDL usually found in
poorly controlled diabetic patients. However, the condi-
tions of in vitro glycosylation used in these studies were
likely to result in much higher levels of glycosylation
than those occuring in vivo. Although a similar effect on
LDL degradation by fibroblasts was also observed
when lesser degrees of in vitro glycosylation were stud-
ied [6], the clinical significance of these findings is un-
clear because the extent of glycosylation occuring in vi-
vo in typical diabetic patients has not been investigated
in detail. In this study, we have compared the degree of
glycosylation of LDL from a group of Type 1 (insulin-
dependent) diabetic patients, in good or fair glycaemic
control, with that of LDL from a matched non-diabetic
control group. We have related LDL glycosylation to
other parameters of recent glycaemic control - haemo-
globin A, glycosylation of plasma proteins and the re-
sults of home blood glucose monitoring.

Subjects and methods

Sixteen patients were recruited from the Private Diagnostic Clinic of
the Medical University of South Carolina. All had Type 1 diabetes
mellitus diagnosed according to the criteria established by the Nation-
al Diabetes Data Group [7]. For every diabetic patient, an age-, sex-,
and race-matched non-diabetic control was recruited from the staff at
the Medical University of South Carolina, and blood was drawn on
the same day from each member of the matched pair. One patient/
control pair was studied on two separate occasions when the diabetic
member was in good and poor glycaemic control (HbA,; 6.3 and
10.1% respectively). Of the 16 diabetic patients, 11 performed home
blood glucose monitoring, and were asked to provide measurements
of blood glucose taken four times daily (before meals) during the
week prior to blood sampling. Seven patients had evidence of back-
ground retinopathy and three had evidence of neuropathy. Three pat-
ients and one control were receiving thyroxine therapy for hypo-
thyroidism but were clinically euthyroid, one patient and two controls
were taking diuretics (furosemide or thiazide) and one control a §-
blocking agent. One diabetic patient and her corresponding control
were in the third trimester of pregnancy. Additional characteristics of
the diabetic and control groups, including weight, age, sex, and racial
distribution are shown in Table 1.

A 60-ml sample of venous blood was collected from all subjects
after a 12-14h fast and before the morning insulin dose to isolate
LDL and to measure plasma glucose, Hbay, plasma lipid and lipo-
protein levels.

Informed consent, as approved by the Institutional Review Board
of the Medical University of South Carolina, was obtained from all
subjects involved in the study.

LDL isolation

LDL (1.019 <d < 1.063 g/ml) was isolated from plasma at 15 °C by se-
quential ultracentrifugation [8] in a Beckman 50 Ti rotor (Beckman In-
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Table 1. Clinical characteristics of diabetic and control subjects
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Sex Race Age Body mass Duration of Insulin: U/kg body wt.
M:F B:W (years) Index diabetes (years)

Diabetic patients 6:10 1:15 33.5+1.9 232+0.8 13.9+£2.1 0.71%0.09

(n=16) (20—49) (16.4—-28.1) (3-33) (0.39-1.90)

Control subjects 6:10 1:15 326x21 24.1+1.0 - -

(n=16) (24-53) (18.6—35.9)

)/ - - NS NS - -

Values expressed as mean+ 1 SEM (range); NS =not significant

struments Inc, Palo Alto, Calif, USA). Salt solutions used to adjust
plasma densities contained 0.01% (w/v) EDTA, pH 7.4. Isolated LDL
was washed and concentrated by recentrifugation at the appropriate
density in a Beckman SW55Ti rotor (Beckman Instruments Inc, Palo
Alto, Calif, USA). After determination of protein concentration by the
Lowry method [9], aliquots of the washed LDL fraction were adjusted
to a concentration of 1 mg/ml and frozen at —70°C for later determi-
nation of glycosylation.

Plasma proteins

For each subject two miililitres of fresh plasma containing 0.01%
EDTA was stored at — 70 °C for later determination of glycosylation.

Measurement of glycosylation of LDL and plasma
proteins

Glycosylation of LDL and plasma proteins was determined by affini-
ty chromatography, using a method similar to that employed by Yue
et al. [10] in the measurement of tissue protein glycosylation. Stored
LDL samples were thawed and aggregated lipoproteins were dis-
persed by brief (<5s) sonication (probe-sonicator, Heat Systems-
Ultrasonic Inc, Plainview, NY, USA). Stored plasma samples were
thawed and 1ml of each was diluted by adding 4 ml of 0.9% (w/v)
NaCl solution containing 0.01% (w/v) EDTA. One millilitre of the di-
luted plasma was dialysed overnight at 4 °C against a large excess-of
saline/EDTA to remove free glucose, and its protein concentration
was determined by the Lowry method [9]. A 200 pl aliquot of the LDL
sample (200 pg protein) or a 14-ul aliguot of the plasma protein sam-
ple (approximately 200 pg protein) made up to 200 u! with saline/
EDTA, was added to 250 ul sodium carbonate buffer (0.2 M Na,COs,
adjusted to pH 9.0) and 50 ul 1% sodium dodecyl sulfate (SDS) in a
teflon-lined screw-topped test tube. Ketoamine-linked glucose ad-
ducts were reduced and radio-labeled by addition of 20 pl of tritiated
sodium borohydride (5 mCi/ml, 360 mCi/mmol, New England Nu-
clear, Boston, Mass, USA) followed by incubation for 1h on ice and
3 h at room temperature. It was determined that these conditions pro-
duced maximal incorporation of tritium in the glycosylated protein,
and that tritium incorporation was lincarly related to the amount of
protein present when up to 400 pg protein were used. Excess tritium
was discharged by the addition of an equal volume (520 ul) of 12N
hydrochloric acid, and acid hydrolysis was carried out for 18h at
95°C [11]. To minimize losses and experimental error, the reduction
and hydrolysis procedures were performed in the same test tube. The
samples were dried using a rotary evaporator and residual acid was
removed by re-dissolving the residue in 200 pl of distilled water, dry-
ing again, and finally dissolving in 500 pl distilled water. A 350 pl ali-
quot was added to 350l of HEPES buffer (100 mmol/I HEPES,
20 mmol/1 MgCl,, pH 8.5) and applied to an affinity column. Dispos-
able polystyrene columns (8 x 120 mm, Pierce Chemical Company,
Rockford, I1l, USA) containing 2 ml of m-aminophenyl boronic acid
affinity resin (Matrex Gel PBA-60, Amicon Corp., Danvers, Mass,
USA) were used, and were equilibrated at pH 8.5 with 50 mmol/1
HEPES/10 mmol/1 MgCl, buffer, as recommended by the manufac-

turer. After application of the sample, the column was washed with
five column volumes of HEPES buffer, after which radioactivity in
the eluate was less than three times background. Hexitol-amino-acid
was eluted using three 2 ml aliquots of 0.1 mol/1 acetic acid. Tritium
radioactivity in these washes was counted to estimate the relative con-
tent of hexitol-amino-acid in the various samples.

To quantitate the amount of hydrolysed apolipoprotein or plasma
protein applied to the affinity column, the free amino-group content
of each hydrolysate was measured, in triplicate, by the trinitroben-
zenesulfonic acid (TNBS) method [12, 13]. The assay was standard-
ised using a known quantity of LDL, hydrolysed under identical con-
ditions, and the result expressed as ug of hydrolysed protein.

The extent of glycosylation of LDL or plasma protein was ex-
pressed as counts per min. >H-hexitol-amino-acid radioactivity per ug
hydrolysed protein. The results reported here were obtained from five
separate experiments conducted over a 2 week period. In every case
both members of a diabetic-control pair were studied in the same
experiment, and the same batch of tritiated sodium borohydride was
used throughout. The between-assay coefficient of variation for the
whole procedure was 10.8% (n=6); and the within-assay variation
was 7.8% for LDL and 7.1% for plasma proteins.

Other methods

Home blood glucose measurements were obtained and recorded by
the patients using Dextrostix and a Glucometer (Ames Division,
Miles Laboratories Inc., Elkhart, Ind, USA). Plasma glucose was as-
sayed using the glucose oxidase method, as adapted for use in the
Beckman glucose analyser [14]. HbA,, was measured by isoelectric
focusing of erythrocyte hemolysates in a gradient of pH 6-8 [15].

Plasma total cholesterol and total triglyceride were measured by
the semi-automated methods standardised by the Lipid Research
Clinics Program [16]. The cholesterol content of LDL and VLDL was
obtained using the above methodology after separation of the lipo-
proteins by ultracentrifugation as previously described [17]. HDL
cholesterol was measured in whole plasma after precipitation of
VLDL and LDL with sodium phosphotungstate/magnesium chloride
as previously described [18].

Statistical analysis

Statistical analysis was performed using the paired Student’s t-test to
compare differences between paired data. Correlation coefficients
were determined by linear regression analysis [19]. All results are ex-
pressed as mean = SEM.

Results

A significant correlation was found between LDL gly-
cosylation and plasma protein glycosylation (p <0.001,
Fig.1). The 11 patients who performed home blood glu-
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Fig.1. Relationship between LDL glycosylation and plasma protein
glycosylation in 16 diabetic patients (y =3.5x+26.0, r=0.86). Ellipse
indicates mean + 1SD for corresponding controls. Arrows indicate re-
sults obtained from same patient on two separate occasions
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Fig.3. Relationship of HbA,, to LDL glycosylation (0) (y=
42x—04, r=0.64) and plasma protein glycosylation () (y=
21.3x—34.2, r=0.79) in 16 diabetic patients. Ellipses indicate
mean £ 1SD for corresponding controls. Arrows indicate results ob-
tained from same patient on two separate occasions

cose monitoring reported an average of 24 readings
each in the week preceding blood sampling. Both LDL
glycosylation and plasma protein glycosylation were
significantly correlated with mean home blood glucose
(p<0.01 and p<0.001 respectively, Fig.2). Similarly,
LDL glycosylation and plasma protein were signifi-
cantly correlated with HbA,. (p <0.01 and p <0.001 re-
spectively, Fig.3).

Glycosylation of LDL and of plasma proteins was
significantly higher in diabetic patients than in control
subjects (p <0.001, Table 2). As expected, fasting plas-
ma glucose and HbA,, levels were significantly higher
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Fig.2. Relationship of mean home blood glucose to LDL glycosyla-
tion (0) (¥ =2.4x+7.0, r=0.73) and plasma protein glycosylation (e)
(y=12.2x+7.6, r=091) in 11diabetic patients. Ellipses indicate
mean = 1SD for corresponding controls. Arrows indicate results ob-
tained from same patient on two separate occasions

in diabetic patients than in control subjects (Table 2).
The values indicate that the majority of patients was in
good or fair glycaemic control.

Plasma lipid levels in the diabetic and control
groups are shown in Table 3. There were no significant
differences between the two groups in total triglycer-
ides, total cholesterol or in the cholesterol content of
LDL, VLDL or HDL.

Discussion

Our study demonstrates increased glycosylation of
LDL in a group of normolipaemic Type 1 diabetic pat-
ients in good to fair glycaemic control. The findings are
consistent with those of Schieicher et al. [20], and Witz-
tum et al. [5], who found similar increases in glycosyla-
tion of LDL in diabetes but did not provide details of
lipid levels or glycaemic control in the patients they
studied. In contrast, Curtiss and Witztum [21], using an
immunochemical method, found a much greater in-
crease in apo-B glycation in three severely hyperglycae-
mic, hyperlipidaemic diabetic patients. LDL glycation
in our diabetic patients was increased 1.6-fold over con-
trol values, a similar increase to that found for haemo-
globin (1.5-fold) and plasma proteins (2.2-fold). How-
ever, we observed that, in both diabetic patients and
control subjects, LDL glycosylation was lower than
plasma protein glycosylation (Table2). This may be
partly because LDL apolipoprotein has a shorter circu-
lating half-life (approximately 3 days [22]) than the ma-
jority of plasma proteins (albumin, 17-23 days; y-glob-
ulin, 15-26 days [23]). The apolipoprotein component,
being partially embedded in the lipoprotein particle,
may also be less accessible than other proteins to free
glucose. We found significant correlations between
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Table 2. Parameters of glycaemic control in diabetic and control groups
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FPG MHBG HbA,, Gly-PP Gly-LDL
SH-HAA SH-HAA

(mmol/1) (mmol/1) (%) cpm/ug cpm/ g
Diabetic patients 11.8+1.6 9.7£0.9° 85+04 146.1+10.7 34727
(n=16) (3.3-239) (5.4—15.0) (6.3—11.5) 60 —215) (201-57.7)
Control subjects 46+0.1 - 5.6+£0.1 659+2.6 221£1.0
(n=16) 3.9-5.6) (53-6.0) (48 —84) (17.2—-33.3)
p <0.001 - <0.001 <0.001 <0.001

FPG - fasting plasma glucose; MHBG - mean home blood glucose; Gly-PP - glycosylated plasma proteins, Gly-LDL - glycosylated LDL;
*H-HAA - tritiated hexitol-amino-acid. Values indicate mean + SEM (range) of 17 observations (one patient/control pair studied twice).

in=11

Table 3. Plasma lipid levels in diabetic and control groups

TGL Total VLDL LDL HDL
Chol Chol Chol Chol

(mmol/1) (mmol/1) (mmol/1) (mmol/1) (mmol/1)
Diabetic patients 0.96+0.09 4.58£0.22 0.68 +0.16 2.64+0.18 1.34+0.06
(n=16) (0.52—1.75) (3.61-6.97) (0.05—2.42) (1.69—3.90) (1.04—1.77)
Control subjects 1.28+0.13 493+0.20 0.78+0.10 290+0.17 1.25+0.05
(n=16) (0.76 —2.84) (3.80-7.28) (0.18 —1.82) (1.82—4.00) (0.88—1.77)
P NS NS NS NS NS

TGL - triglycerides; Chol - cholesterol; values shown indicate mean + SEM (range) of 17 observations (one patient/control pair studied twice);

NS =not significant

LDL glycosylation and three other parameters of gly-
caemic control - glycosylation of plasma proteins,
mean home blood glucose concentration, and haemo-
globin A.. Glycosylation of LDL was more closely
correlated with plasma protein glycosylation and with
mean home blood glucose than with haemoglobin A,
possibly because the latter reflects glycaemic control
over a longer period of time.

We used boronate affinity chromatography to mea-
sure LDL glycosylation. This method has the advantage
of being highly specific; only compounds with co-pla-
nar cis-hydroxyl groups will form stable complexes
with the boronate gel under alkaline conditions. Of the
compounds resulting from the reduction and hydrolysis
of LDL, only glycosylated amino acids contain this
structural conformation. The method has the additional
advantage, particularly important in work with lipopro-
teins, of requiring only small quantities of protein. We
must emphasize the importance of thorough removal of
glucose from the LDL samples prior to the assay, since
glucitol binds effectively to the boronate gel and there-
fore can cause interference. Furthermore, we recom-
mend that freezing of LDL samples should be avoided
if possible - in this study sonication was necessary to
disperse agglutinated lipoprotein after thawing.

The hypothesis that an increase in LDL glycosyla-
tion, to the extent occuring in diabetic patients in good
or fair glycaemic control, may be important in the pa-
thogenesis of atherosclerosis is supported by recent
studies in our laboratory. We have shown that LDL gly-

cosylated in vitro increases cholesteryl ester (CE) syn-
thesis and CE accumulation in human macrophages
[24]. Macrophages are thought to be the main precur-
sors of foam cells which are characteristic of the early
atheromatous plaque. We have also demonstrated in-
creased CE synthesis in macrophages exposed to LDL
isolated from a small group of normolipaemic diabetic
patients, and found a significant correlation between
CE synthesis and LDL glycosylation [25]. These find-
ings may help to explain why the diabetes, irrespective
of type [26, 27], is an independent risk factor in the de-
velopment of atherosclerosis. They may also have rele-
vance to the observation that lesser degrees of hypergly-
caemia may be associated with an increased risk of
vascular disease [28, 29].

In conclusion, our study demonstrates the presence
of increased glycosylation of LDL in a group of rela-
tively well-controlled Type 1 diabetic patients, and it is
possible that this increase may accelerate the develop-
ment of atherosclerosis. The extent of LDL glycosyla-
tion correlates well with commonly used indices of gly-
caemic control and our findings, therefore, provide
further evidence that optimal glycaemic control is an
important goal in the management of all diabetic pat-
ients.
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