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Serum tests of acute hepatocellular injury are commonly
used to investigate the presence and monitor the progress
of liver disease (1, 2). The release of cytoplasmic proteins
from damaged hepatocytes into the vascular system fol-
lows tissue necrosis caused by, e.g., acetaminophen intox-
ication, ischemia and reperfusion injury, or rejection after
liver transplantation. Although the hepatocytes are in
direct contact with the vasculature and no interstitial
barrier is between the two, smaller proteins appear earlier
in the circulation than do larger ones (1 ) and would
therefore increase earlier in serum above their upper
reference value after an acute hepatocellular injury.
�-Glutathione S-transferase (�-GST; 26 kDa) is a more
sensitive and specific marker of hepatocellular damage
(3, 4) than either alanine transaminase (ALT; 96 kDa) or
aspartate transaminase. �-GST is present in liver, kidney,
and intestine; is released rapidly from damaged hepato-
cytes; and has a relatively short in vivo plasma half-life
(3, 4). The use of �-GST for the detection of hepatocellular
injury secondary to acute rejection after liver transplanta-
tion improved the biochemical monitoring of patients and
decreased mortality and morbidity (3 ). In search of even
smaller and more specific cytoplasmic proteins for the
detection of liver injury, we have studied the liver-type
fatty acid-binding protein (L-FABP). FABPs are a family
of 15-kDa proteins that are involved in the intracellular
transport of long-chain fatty acids (5 ). To date, nine
different FABPs have been identified and named accord-
ing to the tissues in which they were first identified (5 ).
L-FABP occurs mainly in the liver but, in small quantities,
also in kidney and small intestine. In the hepatic lobule,
L-FABP is expressed in hepatocytes in a declining portal-
to-central gradient (5, 6). Extensive studies on heart-type
FABP (H-FABP) have shown that this protein is released
rapidly after myocardial injury and, in view of its low
circulating concentrations in healthy individuals (7, 8), is
a sensitive marker of myocardial infarction (9, 10), as is
the intestinal FABP for intestinal injury (11 ). Because all
FABP types have a comparable mass (5 ), we expected
L-FABP to have a similar diagnostic capacity for acute
liver damage.

The aim of our study was to compare the behavior of
serum concentrations of L-FABP with ALT and �-GST in
association with episodes of acute hepatocellular damage.
The population of patients chosen was a group of 21 liver
transplant recipients (15 males and 6 females) who had
episodes of acute hepatocellular rejection during their

posttransplantation stay in the hospital. Rejection epi-
sodes were diagnosed either histologically or, when bi-
opsy was contraindicated (n � 3), by previously pub-
lished clinical criteria based on deteriorating liver
function tests, increased prothrombin time, and an in-
crease in the peripheral blood eosinophil count (12, 13).
Immunosuppressive therapy consisted of treatment with
steroids, azathioprine, and either tacrolimus or cyclospor-
ine. After rejection, augmented immunosuppressive ther-
apy was given in the form of three daily doses of 1 g of
intravenous methylprednisolone. Blood samples were
taken daily (usually in the early morning) up to 3 months
after transplantation. The present study retrospectively
considered the period from 4 days before to 3 days after
either a biopsy-confirmed episode or the start of treatment
for the episode. An increase in serum concentration or
activity of at least 50% in relation to the previous daily
value was taken to be significant. We chose the 50% value
to exclude the influence of analytical variation on the
interpretation of the changes in the daily values. Because
L-FABP and �-GST are excreted by the kidneys, we
measured plasma creatinine to evaluate kidney function
(14, 15).

To determine the biological variation of circulating
L-FABP on the reference interval, plasma samples were
obtained, as described previously (7, 8), from 80 healthy
individuals (40 males and 40 females) to study the influ-
ence of age and gender and from another 12 healthy
individuals (6 males and 6 females) to study the influence
of circadian rhythm. L-FABP was measured with a sand-
wich ELISA developed in collaboration with HyCult
Biotechnology (Uden, The Netherlands). No influence of
different matrices (plasma or serum) or cross-reactivity
with other types of FABP was noticed. The detection limit
of the assay was 0.1 �g/L. With calibrators containing 2
and 20 �g/L L-FABP, the intra- and interassay CVs were
�5% and �15%, respectively. �-GST concentrations were
measured by an enzyme immunometric assay obtained
from Biotrin International. The CVs were 14% and 5.5% at
�-GST concentrations of 7.5 and 25 �g/L, respectively.
ALT activity was measured on a DuPont Dimension
multichannel analyzer according to the manufacturer’s
instructions. The CV of the ALT method was �12%.
Creatinine concentrations were measured by the Jaffe rate
method and also on a DuPont Dimension multichannel
analyzer.

The Mann–Whitney test for unpaired values was used
to asses the influence of age, gender, and circadian
rhythm on the values from the healthy donor groups,
with P �0.05 regarded as significantly different. A paired
Wilcoxon signed-rank test was used to assess any differ-
ence between the increases in serum L-FABP, ALT, and
�-GST. All data are expressed as medians, with the
25th–75th percentiles.

Healthy individuals had a median plasma L-FABP
concentration of 9.46 �g/L, and the 99th percentile was
17.5 �g/L. In contrast to H-FABP (5 ), there was no
significant influence of age or gender on L-FABP concen-
trations in healthy individuals between 21 and 70 years of
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age: females, 8.54 (7.14–11.06) �g/L; males, 9.87 (8.9–
12.13) �g/L. However, similar to H-FABP (5, 14), there
was a significant increase (P �0.01) in plasma L-FABP in
healthy individuals during the night (Table 1). This may
be explained by a reduced glomerular filtration rate at
night, which decreases the clearance of L-FABP from the
circulation. The presence of a circadian variation in serum
L-FABP would not have influenced our results signifi-
cantly, because daily blood samples were routinely col-
lected during a narrow time window in the morning.

In the patient population, until the day of rejection, a
significant (	50%) increase in serum L-FABP was ob-
served in association with all 21 acute rejection episodes
studied, whereas �-GST increased in association with 19
(91%) and ALT in association with only 9 (42%) episodes.
L-FABP increased by a median of 2.0 days (range, �1 to 4
days) earlier than the day that acute rejection was diag-
nosed, whereas �-GST increased 1.5 days (range, �2 to 3
days) and ALT 0 days (range, �3 to 1 day) earlier.
Notably, serum L-FABP increased earlier (P � 0.038) than
�-GST. The cumulative number of patients with a signif-
icant (	50%) increase in serum marker protein concentra-
tions or activities relative to the day of diagnosis of
rejection is shown in Fig 1. (Figures showing the L-FABP,
�-GST, and ALT concentrations in the intervals just before
rejection or initiation of treatment are available with the

online version of this Technical Brief at http://www.
clinchem.org/content/vol48/issue11.)

A significant impairment of renal function leads to an
increased half-life of L-FABP in the circulation (14 ). In our
study, 13 transplant recipients had mild to marked im-
pairment of renal function (creatine clearance range, 23.5–
68.7 mL/min; median, 55.9 mL/min). Although this did
not appear to hamper the ability of L-FABP to detect acute
hepatocellular damage by serial sampling in these pa-
tients, care should be exercised in the interpretation of
L-FABP values in patients with renal impairment.

This is the first study showing that L-FABP is a prom-
ising biochemical marker for the early detection of hepa-
tocellular injury and that, in this small group of liver
transplant patients, L-FABP performs as well if not better
than �-GST. We believe that a combination of the low
molecular mass of L-FABP and its relative abundance in
the liver (2.8 mg/g wet weight; unpublished data) are the
contributing factors to the relatively large and rapid
increases in circulating L-FABP in association with acute
liver injury, thus making L-FABP a sensitive marker.
More frequent blood sampling at the time of a suspected
rejection may enhance this sensitivity even more. The
development of biosensor (16, 17) and turbidimetric as-
says (18 ) for FABPs should simplify the use of L-FABP
and encourage its future application in routine clinical
practice.
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Ministry of Economic Affairs of The Netherlands (Grant
BTS 97.188).
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Novel erythropoiesis-stimulating protein (AranespTM;
darbepoetin alfa) is a glycoprotein hormone with a longer
serum half-life than recombinant human erythropoietin
(rHuEPO) (1 ). The polypeptide backbone of the human
EPO molecule has an invariant amino acid sequence;
however, the carbohydrate side chains exhibit microhet-
erogeneity in sugar content and structure (2–4). A nega-
tively charged sialic acid molecule typically caps the end
of each arm of a carbohydrate chain. As a consequence,
the variable nature of the sialic acid content gives rise to
EPO isoforms with differences in charge (3 ). After puri-
fying isoforms of rHuEPO, Egrie and coworkers (5, 6)
discovered a direct correlation between the number of
sialic acid groups on the carbohydrate part of rHuEPO
and both its serum half-life and biological activity, as well
as an inverse relationship with receptor binding. These
data showed that pharmacokinetic factors have a greater
influence on biological activity than receptor binding
affinity. These principles explain the increased half-life
and increased in vivo activity of darbepoetin alfa, which
contains 5 N-linked carbohydrate chains and up to 22

sialic acids (5, 7). In contrast, rHuEPO has 3 N-linked
carbohydrate chains and a maximum of 14 sialic acids
(5, 7).

Similar clinical responses can be achieved by adminis-
tering darbepoetin alfa once a week or rHuEPO three
times a week (8, 9). The efficacy of darbepoetin alfa in the
treatment of anemia associated with chronic renal failure
has been shown (10 ), and in 2001 it was approved by the
US Food and Drug Administration for that indication.
Darbepoetin alfa is under investigation for the treatment
of anemia in cancer patients (11 ) and other applications.
Although darbepoetin alfa was approved only recently,
we detected darbepoetin alfa in the urine of three athletes
competing in the 2002 Winter Olympic Games in Salt Lake
City. To date, it has not been reported in human urine.

The isoelectric focusing (IEF) patterns of standard
rHuEPO, endogenous human EPO in urine extracts, and
administered rHuEPO in urine extracts have been re-
ported (12 ). This report describes the IEF pattern ob-
served after applying the same method to standard dar-
bepoetin alfa and post-administration urine extracts.

The pooled urine of two healthy, drug-free males was
used as the endogenous HuEPO control urine (QC1). The
rHuEPO positive control urine (QCP) was pooled urine
from healthy individuals (eight males and seven females)
who received rHuEPO on nine visits over 19 days (50
IU/kg at each visit). Some, but not all, urines were
included in the pool. A urine collected from a female
cancer patient 1 week after a single dose (0.675 �g/kg) of
darbepoetin alfa (Aranesp; Amgen Inc., Thousand Oaks,
CA) was used as the darbepoetin alfa control urine. The
participants gave written informed consent under appli-
cations approved by the UCLA Office of Human Subject
Protection.

Aranesp (60 mg/L) containing human serum albumin
was obtained from a pharmacy. EPO Biological Reference
Preparation (BRP) was obtained from the European Di-
rectorate for the Quality of Medicines (Strasbourg,
France). Tris base, phosphate-buffered saline tablets, gly-
cine, 100 mL/L Tween 80R (low peroxide), dithiothreitol,
sucrose, and bovine serum albumin (RIA grade) were
purchased from Sigma. Protease inhibitor (Complete) was
purchased from Roche Diagnostics. Urea, Ready-Mix IEF
acrylamide/bisacrylamide (29:1 by weight), ammonium
persulfate, and N,N,N,N-tetramethylethylenediamine
were purchased from Amersham Biosciences, and the
ampholytes Servalyt 2-4, 4-6, and 6-8 were purchased
from Serva. Nonfat dry milk was purchased in a super-
market. The primary antibody (AE7A5; monoclonal
mouse anti-hEPO) was obtained from R&D Diagnostics,
and the secondary antibody conjugate [biotin–goat anti-
mouse IgG (H�L)] and horseradish peroxidase–strepta-
vidin conjugate (both Zymax grade) were obtained from
Zymed Laboratories. The chemiluminescence substrate
(ChemiGlow) was obtained from Alpha Innotech Corp.
Phosphoric acid was obtained from Aldrich Chemicals,
glacial acetic acid (HPLC grade) was from Mallinckrodt
Chemical, and black ink (Tusche A) was from Pelikan.
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