
error never exceeded 1%) but to real composition dif-
ferences among the smallest samples.

• The total sum of the squares can be divided into the
contributions attributable to experimental error, sam-
pling site, and depth. The F-test at 5% probability
applied to sampling and error variance gave a signifi-
cant value only for needle biopsies divided into four
parts (95th percentiles of the reference F distributions,
F17,17 5 2.29; F17,34 5 1.94; and F17,51 5 1.87). On the
other hand, the F-test relating to the effect of depth
afforded clearly significant values (95th percentiles of
the reference F distributions, F1,17 5 4.46; F2,34 5 3.28;
and F3,51 5 2.80), highlighting that depth is the main
factor determining variability among samples, as
pointed out by the remarkable decrease in iron concen-
trations from the surface to the interior of the liver
shown in Fig. 1B.

Our data clearly show that the iron concentration in a
single liver needle biopsy, weighing ;5 mg and 2 cm
long, may be considered representative of the mean HIC
with a relative standard deviation of 15%. This value
depends on the analytical procedure and the uneven iron
distribution. Therefore, when only one portion of the
needle biopsy core is used, the reduction in weight from
5 mg to 1 mg does not significantly increase the error
attributable to the analytical procedure, although the
measure is far less significant because the subcapsular
portion of the needle biopsy contains much more iron
than the inner part. In cases where the determination of
HIC is important for monitoring iron chelation therapy, a
random subdivision of the liver biopsy is to be avoided; if
an entire liver biopsy is not available for chemical analy-
ses, we suggest that the subcapsular and the deepest part
of the biopsy be used as a unit to minimize the errors
attributable to a casual choice of sample. Finally, we
propose a consensus conference on the methods of trace
element determination in needle biopsies. In our opinion,
the standardization of these procedures may lead to
measured HIC values more representative of the true HIC
and much more useful for clinical purposes.

We thank the Assessorato alla Sanità della Regione Au-
tonoma della Sardegna for financial support.
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Reus, Catalunya, Spain * address correspondence to this
author at: C/. Sant Joan s/n, 43201-Reus, Catalunya,
Spain: fax 34-977-312569, e-mail jcamps@grupsgs.com)

In recent years, several methods for the direct measure-
ment of HDL-cholesterol (HDL-C) and LDL-cholesterol
(LDL-C) have been introduced (1–5). These methods have
been effective and inexpensive tools for the routine
screening of large populations because they prevent the
need for complex ultracentrifugation procedures. In ad-
dition, the direct methods for LDL-C are better than
indirect calculation by the Friedewald formula because
they can be used accurately in hypertriglyceridemic pa-
tients and in nonfasting subjects (4 ). However, it is still
being debated whether these methods are also valuable
under more challenging conditions than those found in
the general population (4 ), i.e., pathological circum-
stances in which there are abnormalities in lipoprotein
structure and/or composition.

In a recent study, we observed that three different
homogeneous methods significantly undervalue HDL-C
concentrations in patients with liver cirrhosis. We sug-
gested that this could be related to the abnormal lipopro-
tein composition in these subjects (6, 7). A new type of
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homogeneous method, based on the elimination principle
(Randox Laboratories Ltd., Crumlin, UK), has been devel-
oped for measuring HDL-C and LDL-C. The manufac-
turer states that lipoproteins with abnormal compositions
may be correctly identified and measured with these
methods. The present study therefore aimed to compare
the elimination methods for determining homogeneous
HDL-C and LDL-C with single vertical-spin ultracentrif-
ugation in a group of patients with liver cirrhosis.

The study was carried out on 44 control subjects and 55
cirrhotic patients. Control subjects were chosen randomly
from the routine health and safety-at-work checks con-
ducted in several companies in our area. Cirrhotic pa-
tients were diagnosed by liver biopsy and came from the
outpatient clinics of the Hospital Universitari de Sant Joan
de Reus. All procedures were in accordance with the
ethics standards of our institution. Blood samples were
drawn in the fasted state into glass tubes containing
EDTA; the plasma was separated by centrifugation at
1500g for 25 min and stored at 4 °C for analytical deter-
minations, which were performed in ,3 days.

The homogeneous methods for HDL-C and LDL-C
determination were used according to the manufacturer’s
instructions. They involved releasing the undesirable li-
poprotein components by means of several components
included in reagent 1 (selective ionic strength buffers,
cholesterol esterase, cholesterol oxidase, and catalase).
Subsequently, the desired lipoprotein fraction was re-
leased by specific surfactants in reagent 2, and cholesterol
was measured by the CHOD/PAP method. The intra- and
interassay CVs were ,2.5% and ,4.7%, respectively.
Single vertical-spin ultracentrifugation was performed as
published previously (8 ). This technique was chosen as a
reference method because it minimizes in vitro apoli-
poprotein dissociation from lipoprotein particles (9 ), an
aspect of crucial importance in patients with altered
lipoprotein composition. Cholesterol in the lipoprotein
fractions and in the patients’ plasma was determined by
standard methods (ITC Diagnostics). Plasma concentra-
tions of apolipoprotein (apo) A-I and B were analyzed by
immunoturbidimetry (Biokit) and calibrated according to
the IFCC standard (10 ).

Liver-related tests were also measured in the plasma of
all subjects by standard techniques (ITC Diagnostics).
Total protein, albumin, bilirubin, alanine aminotransfer-
ase, alkaline phosphatase, and g-glutamyltransferase
were also measured in the plasma of all subjects by
standard techniques. All measurements were performed
on an ILab® 900 automatic analyzer (Instrumentation
Laboratories). Results are presented as the mean 6 SD.
The presence of lipoprotein X in the plasma of cirrhotic
patients was tested qualitatively by agarose gel electro-
phoresis (11 ). The agreement between the homogeneous
and the ultracentrifugation methods was estimated by the
Bland-Altman graphical procedure (12 ). Statistical signif-
icance was set at P ,0.05.

The results of the analytical determinations are shown
in Table 1. Cirrhotic patients presented with a significant
decrease in total plasma cholesterol as well as in LDL-C,

intermediate-density lipoprotein-cholesterol (IDL-C), and
VLDL-cholesterol (VLDL-C). These alterations were sim-
ilar to those reported previously in this type of patient
(13 ). As expected, several hepatic function indices were
significantly altered.

The analytical results suggested that the cirrhosis was
mainly hepatocellular because although the increase in
esterified bilirubin in some patients may suggest cholesta-
sis, alkaline phosphatase activity was never more than
twice the upper reference limit and lipoprotein X was not
detected in any of the patients’ plasma.

Correlation and Bland-Altman plots for the elimination
and ultracentrifugation methods for HDL-C and LDL-C
are shown in Fig. 1. The mean difference for HDL-C
measurements was 0.13 6 0.14 mmol/L in control sub-
jects and 0.18 6 0.22 mmol/L in patients with cirrhosis.
These differences were not related to the average HDL-C
concentration. The limits of agreement were quite high,
i.e., values showed a considerable degree of dispersion
above or below the mean; however, the elimination
method was superior to the previously published homo-
geneous assays, in which biases of 22.0 mmol/L were
frequently observed in cirrhotic patients (7 ).

The mean difference for LDL-C determinations was
21.18 6 0.46 mmol/L in control subjects, which indicates
a high negative bias for the elimination method. Several
authors have already observed a marked lack of agree-
ment between the homogeneous assays and ultracentrif-
ugation procedures in LDL-C determination. The re-
ported biases are sometimes positive (14, 15), but they are
more frequently negative (4, 5, 16–18). Some of the biases

Table 1. Summary of results.a

Control subjects,
mean (SD)

Cirrhotic patients,
mean (SD) P

Cholesterol 5.52 (0.84) 3.97 (1.33) ,0.001
Triglycerides 1.46 (0.75) 1.22 (0.49) NSb

apo A-I 1.48 (0.15) 1.35 (0.49) NS
apo B 1.09 (0.15) 0.93 (0.25) NS
Total protein 70 (5) 70 (8) NS
Albumin 43 (8) 35 (9) ,0.001
ALT 0.35 (0.18) 0.85 (0.68) ,0.001
ALP 3.12 (0.72) 4.57 (1.79) NS
GGT 0.75 (0.32) 1.71 (2.62) NS
Total bilirubin 11 (3) 72 (7) ,0.001
Esterified bilirubin 5 (2) 28 (27) ,0.001
HDL-C (E) 1.29 (0.30) 1.22 (0.53) NS
LDL-C (E) 2.98 (0.78) 2.09 (1.11) ,0.001
HDL-C (UC) 1.16 (0.24) 1.01 (0.50) NS
LDL-C (UC) 3.90 (0.73) 2.12 (0.84) ,0.001
IDL-C (UC) 0.17 (0.07) 0.28 (0.28) ,0.05
VLDL-C (UC) 0.36 (0.26) 0.25 (0.25) ,0.05

a All results are expressed in mmol/L, except for total protein, albumin,
apolipoproteins (g/L); bilirubin (mmol/L); and enzymatic activities
(mmol z L21 z s21).

b NS, not significant; ALT, alanine aminotransferase; ALP, alkaline phospha-
tase; GGT, g-glutamyl transferase; E, elimination method; UC,
ultracentrifugation.
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are very high and similar to those found in the present
investigation (16, 17). Studies comparing homogeneous
assays with the b-quantification of LDL have suggested
an explanation of overestimation of the ultracentrifuga-
tion procedure because it includes IDL-C together with
LDL-C (5, 16–18). This was not the case in the present
investigation because our ultracentrifugation procedure
efficiently separated IDL from LDL.

Surprisingly, the situation in patients with liver cirrho-
sis was very different. In these subjects, the bias was not
as strongly negative as in the control group and was
clearly positive at high average LDL-C concentrations.
There was a direct relationship between bias and LDL-C
concentrations in cirrhotic patients (r 5 0.61; P ,0.001)
but not in the control subjects (r 5 0.08; P, not significant).
This difference between the two groups was also ob-
served in the correlation study, in which the regression

lines were different in control and cirrhotic subjects. The
reason for this disagreement is unknown but may be
related to the abnormal synthesis of lipoproteins in these
patients (19 ). Liver diseases are known to alter lipoprotein
structure and composition. VLDL and HDL are synthe-
sized in the liver as nascent lipoproteins. Nascent VLDL is
rich in apo B and poor in apo C and E. On the other hand,
nascent HDL is rich in apo C and E and poor in apo A. In
blood, nascent VLDL is converted into the mature li-
poprotein by lecithin:cholesterol acyl transferase, an en-
zyme also synthesized by the liver. This enzyme transfers
apo C and E from HDL to VLDL. In liver diseases,
however, lecithin:cholesterol acyl transferase deficiency
means that apo C and E are not transferred to VLDL,
which leads to the accumulation of nascent VLDL. A
misidentification of apo B-rich nascent VLDL as LDL by

Fig. 1. Correlation (A and B) and Bland-Altman (C and D) plots for HDL-C (A and C) and LDL-C (B and D) in control subjects (F) and cirrhotic patients
(M).
The correlation equations for the correlation plots are as follows: (A), r 5 0.90; y 5 0.94x 1 0.24 for control subjects (solid line); r 5 0.90; y 5 1.12x 1 0.02 for cirrhotic
patients (dashed line). (B), r 5 0.80; y 5 0.85x 2 0.35 for control subjects (solid line); r 5 0.88; y 5 1.26x 2 0.51 for cirrhotic patients (dashed line). UC,
ultracentrifugation.
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reagent 1 is likely to account for the positive bias observed
with the elimination method.

Therefore, although homogeneous LDL assays have dem-
onstrated that they are useful in routine analyses, they fail to
measure LDL-C accurately in extreme pathological situa-
tions in which profound structural and/or compositional
lipoprotein alterations are likely to be observed.

We thank Randox Laboratories Ltd., Crumlin, UK for
kindly donating the reagents. N.F. received a grant from
the Generalitat de Catalunya (FI/FIAP-98).
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Patients carrying the G1691A mutation in the factor V gene
(factor V Leiden) have been demonstrated to be at risk for
venous thromboembolism. A second polymorphism also
associated with hereditary thrombophilia was identified
in the prothrombin gene (G20210A). Because of the high
prevalence of these two mutations (5–10% for G1691A
and 2–4% for G20210A) in the Caucasian population,
there is growing demand for rapid, reliable, and simple
methods for combined detection of both point mutations.
Numerous PCR-based assays have been described for the
detection of each of the mutations separately (1–4) as well
as in combination by multiplex PCR analysis (5–10) and
other single-tube alternatives [see, for example, Ref. (11 )].
All of these methods, however, are time-consuming and
require multiple manual steps such as restriction length
polymorphism analysis, electrophoresis, and hybridiza-
tion with specific oligonucleotide probes.

Recently, a new detection methodology was introduced
on high-speed thermal cyclers based on real-time PCR
analysis followed by hybridization of amplicon-specific
oligonucleotides with adjacent fluorophores capable of
fluorescence resonance energy transfer (LightCyclerTM;
Roche Molecular Biochemicals). Probes, labeled with two
different fluorescent molecules, hybridize next to each
other on the target DNA molecule. The first fluorescent
dye, the donor dye fluorescein, is excited at 470 nm by the
light source of the LightCycler. Instead of emitting light at
530 nm, the fluorescein can transfer its energy in a
nonfluorescent manner to a reporter dye. The reporter
dye emits light of a longer wavelength, e.g., 640 nm. This
process, called fluorescence resonance energy transfer
(FRET), enables real-time detection of the specific PCR
product followed by melting curve analysis, which mon-
itors the temperature-dependent hybridization with fluo-
rescent oligonucleotide probes to single-stranded DNA.
The success of this new technology in detecting single
nucleotide polymorphisms has been demonstrated by
several recently published applications (12–17). The use
of melting curve analysis for the detection of single
nucleotide polymorphisms is rapid and convenient. Man-
ual manipulation is minimized, as is the concomitant risk
of contamination. Recently, the range of possible applica-
tions has been expanded by the availability of two fluo-
rescent reporter dyes, each of which emits light at a
different wavelength (640 and 705 nm, respectively). As
described for the first time by Bernard et al. (18 ), this
allows simultaneous measurement of two independent
target sequences in one capillary. Here we report the
genotyping of two different point mutations, G1691A and
G20210A, in a single capillary on the LightCycler system.
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