
polymorphism for monitoring of both disease susceptibil-
ity and therapeutic response variability. Further studies
clarifying the reason for an association of this polymor-
phism with altered GR function could provide additional
insight into the variability of the GR locus and the role of
the BclI polymorphism.
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Despite the predominant role of thyrotropin measure-
ments in the assessment of thyroid status, free thyroxine
(FT4) measurements remain useful either when thyro-
tropin determination is not conclusive or when a diagno-
sis of thyroid disease must be confirmed (1 ). Because it
represents only a minute fraction (0.02%) of total T4 (TT4),
FT4 is more difficult to measure (2 ). Direct equilibrium
dialysis (ED) methods are considered analytically accu-
rate (3 ) and are the methods against which others are
compared (4 ). Compared with ED, other FT4 immunoas-
says may show significant biases related to protein-bound
T4 or to the serum T4-binding capacity (sBC: concentra-
tion � affinity of binding proteins) (4–6). We assume
assays are calibrated to have roughly the same euthyroid
range in samples with normal sBC, and we expect that
markedly negative biases may be observed in samples
with low sBC and that smaller positive biases may be
observed in samples with high sBC (7 ). The aim of our
study was to determine, in clinical samples from euthy-
roid patients classified into three groups as a function of
their low, normal, or high sBC, the bias between FT4
measured with ED and that measured with nine fre-
quently used immunoassays. We also studied the speci-
ficity of each assay method and the concordance of
immunoassays with ED.

FT4 was determined with the Nichols ED/RIA assay
(Nichols Institute Diagnostics) and the following nine
immunoassays: Elecsys (EL) from Roche Diagnostics, VI-
DAS (VD) from bioMérieux, Vitros ECi (VT) from Ortho-
Clinical Diagnostics, GammaCoat 2-step RIA (GC) from
DiaSorin, Immulite (IM) from Diagnostic Products Cor-
poration (DPC), Nichols Advantage (AD), AxSYM (AX)
from Abbott Diagnostic, ACS (AC) from Bayer Diagnos-
tics, and AIA (AI) from Tosoh Bioscience. All assays were
performed in compliance with the manufacturers’ instruc-
tions. The sBC was calculated by dividing the TT4 con-
centration determined with the EL assay by the FT4
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concentration determined by ED (8 ). The sBC was further
assessed by measuring the concentration of thyroxine-
binding globulin (TBG), the main T4-carrier protein, with
the Ria-gnost RIA from CIS bio international, and the EL
T-Uptake (TU), which estimates the number of unoccu-
pied serum protein binding sites. TU results are normal-
ized and should be directly related to the sBC.

To study a wide range of sBCs, we selected sera from
pregnant women in the last 3 months of pregnancy (n �
29) and hospitalized patients (n � 42). All patients were
euthyroid, and none had been known to have patent
thyroid dysfunction in the past. Except for one patient
treated with heparin, none received a treatment known to
interfere with the thyroid function or T4 measurements.
The sera were classified into three groups, high-, normal-,
or low-sBC, depending on whether sBC results (TT4/ED
FT4), were above, within, or below the reference interval
determined in ambulatory patients (4.2–8.5 nmol/pmol)
(8 ). All of the procedures that we followed were in
accordance with the Helsinki Declaration of 1975 and the
subsequent 1996 amendments. The patient sera were
collected for routine analysis in tubes without anticoagu-
lant, were kept frozen at �20 °C, and were analyzed
shortly after thawing.

The 29 sera from pregnant women were classified into
the high-sBC group [mean (SD) sBC, 13.1 (2.5) nmol/
pmol], 29 sera from hospitalized patients into the normal-
sBC group [5.6 (1.0) nmol/pmol], and 13 from hospital-
ized patients into the low-sBC group [2.7 (0.9) nmol/
pmol]. Compared with the results in the normal-sBC
group [TBG, 22.2 (5.0) mg/L; TU, 0.97 (0.09)], TBG and TU
were significantly decreased (P �0.01, Mann–Whitney
U-test) in the low-sBC group [16.4 (4.3) mg/L and 0.80
(0.13), respectively] and were increased in the high-sBC
group [59.2 (10.2) mg/L and 1.39 (0.08), respectively].

The biases determined between each immunoassay and
ED as a function of sBC are reported in Fig. 1. In the
normal-sBC group, we found no significant bias with the
EL (mean, �1.1 pmol/L), AI (�0.9 pmol/L), VT (0.8
pmol/L), and GC (1.0 pmol/L) immunoassays (P 	0.05,
Wilcoxon test) and a modest but significant (P �0.01)
negative bias with the AC (�2.5 pmol/L), IM (�2.9
pmol/L), AX (�3.2 pmol/L), VD (�3.3 pmol/L), and AD
(�3.7 pmol/L) immunoassays. The bias was more
marked when the sBC was in the lower part of the
reference interval (4.2–5.0 nmol/pmol). In the high-sBC
group, except with the VT and AC assays, which showed
no bias, we observed significant but very modest biases,
negative for AX (�0.8 pmol/L) and AD (�1.1 pmol/L),
and positive for the EL (1.0 pmol/L), VD (1.1 pmol/L),
GC (1.4 pmol/L), AI (1.5 pmol/L), and IM (1.7 pmol/L)
assays. A moderate positive bias can be related to the high
sBCs of these samples, but a negative bias was unex-
pected. In the low-sBC group, all methods showed a
significant and marked negative bias increasing in the
following order: VT (�8.0 pmol/L), GC (�14.9 pmol/L),
AI (�15.8 pmol/L), AC (�17.2 pmol/L), EL (�17.4 pmol/
L), AD (�17.5 pmol/L), AX (�20.4 pmol/L), VD (�20.7
pmol/L), and IM (�21.3 pmol/L).

All patients of this study were considered as euthyroid,
and their FT4 results were expected to be within the
reference interval. For each assay, the FT4 range, number
of decreased or increased results, and concordance with
ED are reported in Table 1. In the normal-sBC group,
concordance with ED ranged between 59% (IM) and 96%
(VT). GC, AI, and EL assays, for which no significant bias
was evidenced, showed a poorer concordance than did
AD and AC assays, which were significantly biased.
These findings can be explained in terms of different
calibrations. Except for the VT assay, all of the immuno-
assays yielded decreased FT4 values for some of these sera
despite sBCs within the reference interval. In the high-sBC
group, with all immunoassays as well as with ED, irre-
spective of the bias, we found a high, method-dependent
number of decreased results. In the low-sBC group, assays
other than ED, VT, and AD yielded some decreased
results.

In the normal-sBC group, the biases, when significant,
were modest. This was expected because FT4 assays are
calibrated against the ED method, using sera samples
from ambulatory patients with normal sBC. Except for the
VT assay, however, we observed some decreased values,
which lowered the concordance with ED. Therefore, the
sera of not severely ill hospitalized patients with normal
sBC should be included in the panel used to establish the
reference interval. Alternatively, specific reference inter-
vals for ambulatory and hospitalized individuals could be
better suited. This applies in particular to methods yield-
ing a not inconsiderable number of decreased values (i.e.,
IM, EL, VD, AI, and AX).

In the high-sBC group, the biases, when significant,
were also modest. Contrary to previous reports (10, 11),
and yet in agreement with other observations (6, 8, 12–
15), subnormal values, whether measured with ED or any
other immunoassay FT4 method, are not uncommon in
the last months of pregnancy. Moreover, the maximum
value was clearly and systematically below the upper
limit found in nonpregnant women. These findings un-
derline the absolute necessity to consider assay-specific
FT4 reference intervals for women in the last months of
pregnancy, to be in a position to diagnose not only
hypothyroidism but also hyperthyroidism in a reliable
way and to adjust an appropriate T4 treatment.

In the low-sBC group, we found a significant bias with
all immunoassays, VT included, contrary to what has
been reported previously (8 ). This finding may be related
to some very high ED results (up to 65.9 pmol/L).
Extremely low doses of heparin release lipase activity into
the plasma and can thereby cause artifactual increases of
serum FT4 concentrations as measured by ED (16–19).
None of the patients in this group was known to be
treated with heparin. In hospitalized patients, however,
heparin is frequently used for multiple blood samplings.
Except for the VT and AD FT4 immunoassays, decreased
values were also observed. Albumin, added to the assay
ingredients to buffer the effects of increased amounts of
nonesterified fatty acids that develop in serum in vitro,
may have induced a negative bias (4, 20). Contrary to VT
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Fig. 1. Bias between immunoassay and ED FT4 results vs sBC determined as the TT4/ED FT4 ratio.
EL, Elecsys (Roche Diagnostics); VD, VIDAS (bioMérieux); VT, Vitros ECi (Ortho-Clinical Diagnostics); GC, GammaCoat (DiaSorin); IM, Immulite (DPC); AD, Nichols
Advantage; AX, AxSYM (Abbott); AC, ACS:180 (Bayer Diagnostics); AI, AAI (Tosoh Bioscience). The vertical lines define the three sBC zones: low (L-sBC; sBC �4.2
nmol/pmol), normal (N-sBC; 4.2 nmol/pmol �sBC �8.5 nmol/pmol), and high (H-sBC; sBC 	8.5 nmol/pmol).
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reagents (21 ), EL (19 ) and AX (4 ) reagents probably
contain albumin. Our results confirm the great variability
in FT4 measurements in hospitalized patient sera with low
sBC values (11, 19, 22). As with ED, increased results may
be observed, but contrary to ED, decreased values were
yielded by most immunoassays. In these sera, some
methods (ED, VT, GC) yielded preferentially increased
results; others, such as IM and to a lesser extent VD, AX,
EL, and AI, preferentially decreased results.

In conclusion, although methodologies have somewhat
improved, as far as commonly used immunoassays are
concerned, it remains absolutely necessary to consider the
assay method to correctly interpret FT4 results in pregnant
women when these are decreased or lie in the upper zone
of the reference interval for nonpregnant women. The
same goes for hospitalized patients, regardless of whether
increased or decreased results have been obtained. This
implication is particularly important for sera with low
sBC (severely ill patients) but also seems valid, at least as
far as some immunoassays are concerned, for sera from
hospitalized patients whose sBC lies in the lower part of
reference interval. Clinicians should be aware of the
method used to determine FT4 because the evaluation of
the effect of pregnancy, as well as of severe or even mild
non-thyroidal illness, on FT4 results varies as a function of
the various immunoassays.
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Doffoel and N. Labouret (MGEN, Strasbourg, France) for
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Universitaires de Strasbourg.

References
1. Spencer C, Eigen A, Shen D, Duda M, Qualls S, Weiss S, et al. Specificity of

sensitive assays of thyrotropin (TSH) used to screen for thyroid disease in
hospitalized patients. Clin Chem 1987;33:1391–6.

2. Ekins R. Analytic measurements of free thyroxine [Review]. Clin Lab Med
1993;13:599–630.

3. Nelson JC, Weiss RM, Wilcox RB. Underestimates of serum free thyroxine
(T4) concentrations by free T4 immunoassays. J Clin Endocrinol Metab
1994;79:76–9.

4. Christofides ND, Wilkinson E, Stoddart M, Ray DC, Beckett GJ. Serum
thyroxine binding capacity-dependent bias in an automated free thyroxine
assay. J Immunoassay 1999;20:201–21.

5. Wang R, Nelson JC, Weiss RM, Wilcox RB. Accuracy of free thyroxine

Ta
bl

e
1

.
FT

4
m

ea
su

re
d

w
it

h
ED

an
d

ni
ne

im
m

un
oa

ss
ay

s
in

se
ra

w
it

h
no

rm
al

sB
C

(4
.2

nm
ol

/
pm

ol
<

sB
C

<
8

.5
nm

ol
/

pm
ol

),
hi

gh
sB

C
(>

8
.5

nm
ol

/
pm

ol
),

or
lo

w
sB

C
(<

4
.2

nm
ol

/
pm

ol
).

ED
EL

V
D

V
T

G
C

IM
A

D
A

X
A

C
A

I

R
ef

er
en

ce
in

te
rv

al
,

pm
ol

/L
1
0
.3

–3
4
.7

a
1
2
.8

–2
3
.4

b
1
0
.3

–2
1
.3

b
1
0
.2

–2
8
.5

b
1
2
.2

–2
4
.5

b
1
1
.6

–2
3
.4

b
8
.1

–2
1
.5

b
1
0
.3

–2
0
.1

b
1
0
.3

–2
0
.5

b
1
0
.7

–2
5
.8

b

N
or

m
al

sB
C

(S
D

),
5

.6
(1

.0
)

nm
ol

/p
m

ol
(n

�
2

9
)

In
te

rv
al

,c
pm

ol
/L

8
.6

–3
3
.6

1
0
.0

–2
4
.6

5
.1

–2
1
.7

1
0
.2

–2
6
.0

9
.0

–2
6
.4

6
.3

–2
4
.3

6
.4

–2
0
.4

7
.1

–2
2
.0

7
.1

–2
3
.6

7
.4

–2
7
.4

n
de

cr
ea

se
dd

/n
in

cr
ea

se
de

1
/0

8
/1

7
/1

0
/0

5
/1

1
2
/1

3
/0

6
/1

4
/1

7
/1

C
on

co
rd

an
ce

w
ith

ED
,f

%
7

2
7

6
9

6
8

3
5

9
9
3

7
9

8
6

7
6

H
ig

h
sB

C
(S

D
),

1
3

.1
(2

.5
)

nm
ol

/p
m

ol
(n

�
2

9
)

In
te

rv
al

,c
pm

ol
/L

7
.5

–1
6
.7

9
.4

–1
4
.5

8
.9

–1
7
.2

7
.4

–1
4
.1

9
.5

–1
6
.0

1
0

–1
5
.6

6
.9

–1
4
.2

7
.8

–1
2
.2

8
.7

–1
3
.4

8
.2

–1
6

n
de

cr
ea

se
dd

/n
in

cr
ea

se
de

1
0
/0

1
8
/0

4
/0

1
2
/0

1
3
/0

6
/0

7
/0

1
4
/0

5
/0

7
/0

C
on

co
rd

an
ce

w
ith

ED
,f

%
6

6
8

3
7

9
7

6
8

3
7
6

7
2

8
3

9
0

Lo
w

sB
C

(S
D

),
2

.7
(0

.9
)

nm
ol

/p
m

ol
(n

�
1

3
)

In
te

rv
al

,c
pm

ol
/L

1
3
.6

–6
5
.9

7
.8

–2
4
.5

5
.5

–2
2
.0

1
3
.5

–4
0
.8

8
.8

–2
7
.1

4
.4

–2
0
.3

1
2
.1

–2
7
.2

5
.9

–2
0
.9

7
.1

–2
1
.2

7
.2

–2
6
.6

n
de

cr
ea

se
dd

/n
in

cr
ea

se
de

0
/5

3
/1

3
/1

0
/5

1
/3

5
/0

0
/1

3
/1

1
/2

3
/1

C
on

co
rd

an
ce

w
ith

ED
,f

%
3

1
3

1
6

9
6

2
3

1
6
9

3
1

5
8

5
0

a
Fr

om
th

e
as

sa
y

pa
ck

ag
e

in
se

rt
an

d
R

ef
.

(4
),

ra
ng

e
ob

se
rv

ed
in

2
6

3
no

np
re

gn
an

t
he

al
th

y
ad

ul
ts

w
ith

on
e

ou
tli

er
de

le
te

d
at

ea
ch

en
d.

b
D

et
er

m
in

ed
in

a
m

ul
tic

en
te

r
st

ud
y

fr
om

th
e

re
su

lts
of

1
5

2
co

nt
ro

ls
er

a
of

am
bu

la
to

ry
eu

th
yr

oi
d

pa
tie

nt
s

(2
.5

th
–9

7
.5

th
pe

rc
en

til
e)

(9
).

c
In

te
rv

al
,

m
in

im
um

an
d

m
ax

im
um

FT
4

va
lu

es
w

ith
ea

ch
m

et
ho

d.
d

n
de

cr
ea

se
d,

nu
m

be
r

of
re

su
lts

be
lo

w
th

e
lo

w
er

lim
it

of
th

e
re

fe
re

nc
e

in
te

rv
al

of
ea

ch
m

et
ho

d.
e

n
in

cr
ea

se
d,

nu
m

be
r

of
re

su
lts

ab
ov

e
th

e
up

pe
r

lim
it

of
th

e
re

fe
re

nc
e

in
te

rv
al

of
ea

ch
m

et
ho

d.
f
C

on
co

rd
an

ce
be

tw
ee

n
ED

an
d

ea
ch

im
m

un
oa

ss
ay

ex
pr

es
se

d
as

th
e

pe
rc

en
ta

ge
of

co
nc

or
da

nt
re

su
lts

.

1534 Technical Briefs
D

ow
nloaded from

 https://academ
ic.oup.com

/clinchem
/article/49/9/1531/5641987 by guest on 20 M

arch 2024



measurements across natural ranges of thyroxine binding to serum proteins.
Thyroid 2000;10:31–9.

6. Sapin R. Serum thyroxine binding capacity-dependent bias in five free
thyroxine immunoassays: assessment with serum dilution experiments and
impact on diagnostic performance. Clin Biochem 2001;34:367–71.

7. Christofides ND. Free analyte immunoassay. In Wild D, ed. The immunoas-
say handbook, 2nd ed. London: Nature Publishing Group, 2001:61–77.

8. Christofides ND, Wilkinson E, Stoddart M, Ray DC, Beckett GJ. Assessment
of serum thyroxine binding capacity-dependent biases in free thyroxine
assays. Clin Chem 1999;45:520–5.

9. D’Herbomez M, Forzy G, Gasser F, Massart C, Beaudonnet A, Sapin R.
Clinical evaluation of nine free thyroxine assays: persistent problems in
specific physiopathological situation. Clin Chem Lab Med 2003;41:in press.

10. Frantz CR, Dagogo-Jack S, Ladenson JH, Gronowski AM. Thyroid function
during pregnancy. Clin Chem 1999;45:2250–8.

11. Stockigt JR. Free thyroid hormone measurement: a critical appraisal [Re-
view]. Endocrinol Metab Clin North Am 2001;30:265–89.

12. Roti E, Gardini E, Minelli R, Bianconi L, Flisi M. Thyroid function evaluation
by different commercially available free thyroid hormone measurement kits
in term pregnant women and their newborns. J Endocrinol Invest 1991;14:
1–9.

13. Van Blerk M, Smitz J, Rozenski E, Mees M, Roelandt P, Laermans L, et al.
Four radioisotopic immunoassays of free thyroxine compared. Ann Clin
Biochem 1996;33:335–43.

14. McElduff A. Measurement of free thyroxine (T4) in pregnancy. Aust NZ J
Obstet Gynaecol 1999;39:158–61.

15. Panesar NS, Li CY, Rogers MS. Reference intervals for thyroid hormones in
pregnant Chinese women. Ann Clin Biochem 2001;38:329–32.

16. Liewendahl K. Thyroid function tests: performance and limitations of current
methodologies. Scand J Clin Lab Invest 1992;52:435–45.

17. Jaume JC, Mendel CM, Frost PH, Greenspan FS, Laughton CW. Extremely
low doses of heparin release lipase activity into the plasma and can thereby
cause artifactual elevations in the serum free thyroxine concentration as
measured by equilibrium dialysis. Thyroid 1996;6:79–83.

18. Stevenson HP, Archbold GPR, Johnston P, Young IS, Sheridan B. Misleading
serum free thyroxine results during low molecular weight treatment. Clin
Chem 1998;44:1002–7.

19. Sapin R, Schlienger JL, Gasser F, Noël E, Lioure B, Grunenberger F, et al.
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High mobility group protein 1 (HMGB1) has been impli-
cated in diverse cellular functions, including determina-
tion of nucleosomal structure and stability and binding of
transcription factors to their cognate DNA sequences
(1–4). HMGB1 is also present in a membrane-associated
form, termed amphoterin, that mediates neurite out-
growth (5 ). Amphoterin can interact with macrophage

cell surface receptors for advanced glycation end prod-
ucts to enhance expression of tissue-type plasminogen
activator (6 ).

Recently, HMGB1 was identified as a late mediator of
endotoxin lethality (7 ). Mice had increased serum
HMGB1 concentrations after exposure to endotoxin, and
sepsis patients who succumbed to infection also had
increased serum HMGB1. It would therefore be useful to
develop an easy and highly sensitive method to measure
serum HMGB1. However, this study revealed that
HMGB1 and HMGB2, with extremely high homology
(81%) to HMGB1, coexist in the serum. We report an
ELISA method we have developed that measures only
HMGB1 without simultaneous determination of HMGB2.

To prepare an anti-peptide monoclonal antibody react-
ing only with HMGB1, we selected a peptide sequence
(peptide 1; GKGDPKKPRGK) with high antigenicity and
different from that of HMGB2. The monoclonal anti-calf
HMGB1 antibody was prepared against calf thymus-
derived HMGB1, which was 98% homologous to human
HMGB1. Each protein sample used for the analysis was
prepared as follows.

The peptides were purified and separated by HPLC.
The peptide synthesized was added to maleimidoben-
zoyl-N-hydroxysuccinimide ester (Pierce Chemical Co.)-
labeled keyhole limpet hemocyanin (Calbiochem) or
maleimidobenzoyl-N-hydroxysuccinimide ester-bovine
serum albumin (BSA; Sigma). Calf HMGB1 and HMGB2
were obtained from calf thymus by the method of Sanders
(8 ). Human HMGB1 and HMGB2 were purified from
HL60 cells (9 ). As a result, the anti-peptide 1 monoclonal
antibody (no. 77) reacted with human HMGB1 but not
with human HMGB2. The anti-calf thymus HMGB1
monoclonal antibody (no. 03E5) reacted with both human
HMGB1 and HMGB2 (Fig. 1A).

We next detected HMGB1 in the serum of sepsis
patients and ulcerative colitis patients by Western blot-
ting. Serum was fractionated by sodium dodecyl sulfate–
polyacrylamide gel electrophoresis, and proteins were
transferred electrophoretically to nitrocellulose mem-
branes (Millipore). After the membranes were blocked,
the monoclonal antibody to HMGB1 (no. 77 or 03E5) was
dissolved in phosphate-buffered saline (PBS), and the
membrane was soaked in the solution at room tempera-
ture overnight. After the membrane was washed, it was
incubated at room temperature for 2 h in a solution of
peroxidase-labeled anti-mouse immunoglobulin poly-
clonal antibody (Dako) diluted 30 000-fold with PBS con-
taining 30 g/L BSA. After another washing step, the
membrane was soaked in ECL reaction reagent (Pharma-
cia) according to the manufacturer’s instructions.

Chemiluminescently labeled bands were visualized af-
ter 10-min exposure to Xomat XAR5 film (Eastman Kodak
Co.). HMGB1 was determined by immunoblot analysis
and quantified from the blots by measurement of the
absorbance of the band (NIH 1.59 software; NIH) and
comparison with a calibration curve constructed with
purified human HMGB1 serially diluted in normal hu-
man serum. Western blotting results for serum samples
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