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ABSTRACT

HNL (human Neutrophil Lipocalin) is a protein secreted from the activated
neutrophil granulocytes but also from epithelial cells. HNL is measured
by sensitive immunoassays in most bodily fluids and exists in several variants
of which the monomer and the dimer variants are the most abundant.
Depending on the antibody configuration of the immunoassays we may
detect different molecular variants of HNL, and which may have different
cellular origins. The dimeric form of HNL is entirely neutrophil specific and
other assays may preferentially detect HNL originating from epithelial cells
such as the tubular cells of the kidney. In this brief review we have focused
on the utility of HNL as a biomarker for antibiotics stewardship in patients
with sepsis and show that the dimeric form of HNL is reduced within 24 hours
as the response to successful antibiotic treatment in sepsis in contrast to the
reduction of blood levels of procalcitonin and heparin-binding protein which
takes 3-4 days. Another variant of HNL showed to be the most powerful
predictor of outcome of these patients. We conclude that the measurements
of these HNL variants should be considered for implementation in intensive
care units and other settings with seriously ill infected patients.
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Introduction

Sepsis is probably the costliest human disease
globally. The mortality is high unless treated rapidly
and extensively. The diagnosis of sepsis is defined
by the Sepsis3 criteria’ and in most cases due to a
bacterial infection. Outcome of the disease is
determined by effective antibiotics treatment for
the avoidance of organ failure. Important clinical
questions asked are: is our treatment effective and
can we predict the outcome of our patient? Several
blood and urine biomarker assays have been
developed and used clinically in the attempt to
answer these questions, however, with varying
success??. The most commonly used biomarkers in
this regard are procalcitonin and heparin-binding
protein in addition to blood cell counts, CRP and
biomarkers reflecting kidney function. In this short
review we will summarize the results of measuring
the biomarker HNL and its variants in blood and
urine in patients with severe infections. Thus, the
dimeric form of HNL, which is entirely neutrophil
specific, shows great promise as a monitoring tool of
successful antibiotics treatment in sepsis and another
variant of HNL**, that mainly originates from epithelial
cells, appears useful in the outcome prediction due
to organ failure. For more comprehensive reviews
on HNL/Lipocalin2/NGAL we refer to the vast

literature published in recent years3¢8,

Human Neutrophil Lipocalin

Human Neutrophil Lipcalin was originally purified
from human neutrophil granulocytes in the early
90-tieth and called Human Neutrophil Lipocalin™,
since the primary structure identified the protein as
a member of the lipocalin family of proteins. Other
research groups also identified the protein during
this period and gave the protein many different names
of which LNC2(Lipocalin2)?® and NGAL (Neutrophil
Gelatinase Associated lipocalin)'®?' are the best
known as of today. The name NGAL indicated that
the protein has an affinity for Gelatinase (MMP9,
Matrix metalloproteinase-9). The binding of HNL to
MMP9 is one reason for the apparent heterogeneity
of HNL when measured in blood and other biological

materials. Thus, HNL exists in various materials as
a monomer of 25 kD, as a dimer of 45 kD and as
heteromers in complex with MMP9 and other
unidentified proteins with molecular weights
exceeding 90 kD?. The function of HNL is still
uncertain although many suggestions have been
made that indicate a role in bacterial defence and

iron-metabolism.

As mentioned, we originally purified HNL from
human neutrophils of healthy blood donors. HNL is
located in the secondary granules of these cells
and secreted from neutrophils upon exposure to
bacteria or bacteria-derived peptides such as the
tripeptide fMLP, but also as a response to other
molecules such as inflammatory cytokines?. Another
source of HNL is epithelial cells in the kidney,
intestine, lungs etc. The expression of HNL in these
cells is very much increased in inflammation?. The
heterogeneity of HNL is a great challenge but also an
opportunity when we wish to measure HNL in bodily
fluids. The challenge is the correct interpretation of
the cellular origin of HNL when we measure changes
in concentrations and the opportunity is the fact that
different configurations of immunoassays of HNL
may reflect differences in cellular origins. The most
conspicuous example of this is the exclusive
neutrophil origin of the dimeric form of HNL, which
means that any change in concentrations of this
variant specifically reflects the secretory activity of
this cell**. We also found that raising monoclonal
and polyclonal antibodies against native HNL created
antibodies with a variety of epitope specificities.
When combining these antibodies in our different
immunoassays we saw that the clinical performances
showed great differences which likely reflect the
fact that the different variants of HNL appear in
different proportions in different diseases and in
different biological material’. Most commercially
available NGAL (HNL) assays seem to be based on
recombinant material and preferentially measure

the monomeric form of the protein.

© 2024 European Society of Medicine 2



HNL (NGAL) as biomarker of acute
kidney injury

The concentrations of HNL (NGAL) in blood or
urine largely reflect the condition of the kidney and
have been shown highly elevated in acute kidney
injury (AKI). As such the measurement of NGAL has
established itself as a potentially useful clinical
means to monitor kidney function. However, the
usefulness of NGAL in this regard is under debate and

not supported by some clinical studies which might
be due to the use of different NGAL assays with

differences in epitope recognitions®*?. In one of our
own studies on AKl in COVID-19 patients we saw
that one of our HNL assays (763/8F) was superior to
an established NGAL assay as one example of the
importance of such differences (Table 1)?%. Thus, for
the comparisons of performances, as reflections of
kidney function, it seems important to define the
NGAL/HNL assays in terms of antibody epitope
recognition or alternatively compare the clinical
performances of a number of NGAL/HNL
immunoassays in a large set of clinical samples

from patients with defined stages of AKI.

Table 1 The diagnostic performances of plasma concentrations of HNL (763/8F) and NGAL in COVID-19

patients in severe AKI, yes or no.

Severe AKI Day 1

Variable AUC 95% ClI
P-HNL (763/8F) 0.759 0.662 to 0.840
P-NGAL 0.581 0.477 to 0.681

Severe AKI Day 3

Variable AUC 95% ClI
P-HNL (763/8F) 0.859 0.746 to 0.935
P-NGAL 0.769 0.643 to 0.867

Plasma samples were obtained at admission day and at day 3 after admission. Area under the curve (AUC) and 95% confidence
intervals (Cl) are shown. The AUCs were significantly higher for P-HNL (763/764) as compared to the AUC of NGAL at both
days, p=0.01 and p=0.03, respectively (Adopted from reference?)

In our recent sepsis study the HNL assay (pab/765)
was highly statistically and independently related
to outcome of the patients in comparisons to other
biomarkers including NGAL whereas the neutrophil
specific dimeric form of HNL showed a weaker

relation to outcome®.

HNL in the distinction between
bacterial and viral causes of acute

infections

HNL has been measured in serum/plasma and after

whole blood activation in patients with various

kinds of infections. In the early days serum was the
preferred blood material and HNL concentrations
showed very good distinctions between acute
bacterial and viral infections with sensitivities and
specificities of about 90% and clearly superior to
other biomarkers such as cell counts, procalcitonin,
CRP?’. This data was confirmed in large studies in
China and also indicated the importance of antibody
configuration of the HNL assay in order to achieve

optimal discrimination (fig 1)*% %

The measurement in serum requires strict

standardization as to temperature and time of
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handling of the whole blood during clotting. This is
because the neutrophils present in the blood will
continue to release some of its HNL outside the cell
during clotting and therefore add to HNL already
present in the plasma. In the busy clinical settings
such standardization requirements are difficult to
cope with and we have therefore developed an
alternative method that eliminates this problem,
and which lends itself to the development of point-
of-care devices. In this system whole blood is activated
by fMLP during 5 minutes at 37°C after which HNL in
plasma is measured as a reflection of the activity of
the neutrophil. Adopting this procedure, we showed
a high clinical performance in the distinction between

bacterial and viral infections in the large Bio-X study

achieving sensitivity and specificity of about 90%
i.e. in the range of serum measurements®®3'. Also,
we showed a strong correlation between the serum
results and the results of fMLP activation of whole.
In the figure (fig 2) the performance is illustrated by
the comparison with three other biomarkers commonly
measured in patients with symptoms of airways

disease.

The superiority of whole blood activation for the
measurements of HNL (B-HNL) is also illustrated in
table 2 in which we show the comparison with PCT.
Only in patients with sepsis the diagnostic

performance of PCT approached B-HNL.

Figure 1 Serum measurement of HNL in acute infections.
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Figure 1 The figure shows the results of the concentrations of HNL in serum obtained from healthy non-infected subjects,

from patients with proven bacterial infections and from patients with proven viral infections. The left panel shows the
results using the HNL ELISA configured with HNL polyclonal antibody and HNL monoclonal antibody 765 and the right
panel the results of using the ELISA configured with the HNL monoclonal antibodies 763 and 764. In the table below we

show the actual average concentrations using the two different configurations. It is seen that the concentrations of HNL

were higher using the configuration pab/765 than with the configuration 763/764. It is also indicated that in sera from

patients with viral infections the HNL concentrations were elevated using the 763/764 as compared to healthy subjects

as opposed to the findings with the ELISA using the pab/765 configuration. Results adopted from reference?.
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Figure 2 The distinction between bacterial and viral causes of airways infections
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Figure 2 The diagnostic comparison in the distinction between airways infections caused by bacteria or virus. The AUCs
are given on the figure. The AUC of B-HNL i.e. HNL after whole blood activation by fMLP, was significantly larger than
any of the other biomarkers, p<0.0001. Results adopted from reference®

Table 2 The diagnostics performances of B-HNL and PCT in comparison with acute viral infections

Diagnosis B-HNL PCT

AUC (95%Cl) AUC (95%Cl)
Bacterial Pneumonia 0.868 (0.771-0.935) 0.647 (0.529-0.753)***
Streptococcal Tonsillitis 0.905 (0.815-0.960) 0.537 (0.418-0.653)***
Erysipelas 0.951 (0.856-0.991) 0.676 (0.534-0.991)**
Sepsis, endocarditis 0.980 (0.899-0.999) 0.938 (0.838-0.986)

The statistical differences between AUCs of B-HNL and PCT are indicated for the four diseases. ***=p<0.001, **=p<0.01.
Adopted from reference®
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HNL Dimer in sepsis

Important clinically unmet needs in the management
of sepsis are tools which quickly indicate the successful
response to antibiotic treatment. For this purpose,
the measurement of procalcitonin has been very
important and applied in most ICU settings.
However, the response of blood concentrations of
procalcitonin to successful treatment is rather slow
and takes 3-4 days before significant changes are
seen?®>34 |t was therefore of great interest that we
could show in our previous study on patients with
sepsis a faster decline in concentrations of the
neutrophil specific HNL Dimer as a response to
adequate treatment i.e. within 24-48 hours®. To
follow up on these findings we conducted a larger
study on 277 patients admitted to the ICU and
measured the biomarkers HNL Dimer, HNL Total
(pab/765), Heparin-binding protein and Procalcitonin
on admission and on three consecutive days®. As tools
to discriminate between trauma patients without
signs of sepsis and those fulfilling the Sepsis3 criteria
HNL Total (pab/765) showed an AUC (Area Under
the Curve) in the ROC-analysis of 0.86 (Sensitivity
81% and specificity 85%. Positive predictive value
93% and negative predictive value 64%) and with a
similar AUC of 0.84 (Sensitivity 77% and specificity
77%. Positive predictive value 92% and negative
predictive value 48%) for procalcitonin. The other
two biomarkers less efficiently identified patients
with sepsis. At follow up we saw a significant overall
decline in the concentrations of HNL Dimer at the
day after admission (Day 2) and a further decline the
next day (Day 3). This pattern was not discernible
for the other three biomarkers. When calculated on
the sepsis patients separately a significant decline
was also seen in the concentrations of HNL Total on
these days following admission when only paired
observations were calculated on, whereas no such
pattern was seen for heparin-binding protein or
procalcitonin. However, a highly significant decline
in the concentrations of HNL Dimer was observed
already at the day after admission in the sepsis group
whether calculated as paired observations or not.

The HNL Dimer pattern was strikingly different from
the other biomarkers. Importantly, the decline in
HNL Dimer was most obvious and significant in the
those who survived the 30 days observation period,
whereas no significant decline in HNL Dimer plasma
concentrations was observed in the non-surviving
group of patients. This finding was true for the whole
cohort of ICU patients as well as for the sepsis cohort.
In the patients with the very high concentrations of
HNL Dimer the reduction was 5-10 fold after one
day of successful antibiotics treatment. The object
of the Ostersund study was to examine whether the
fast decline of HNL Dimer in plasma as a response to
successful antibiotics treatment could be confirmed®.
As shown in the figure (Figure 3) in which the results
of the two studies are compared, the decline in
plasma concentrations of HNL Dimer was conspicuous
in both studies in contrast to the absence of an
early response by the concentrations of PCT. These
findings should be challenged and confirmed in
other studies.

Conclusion

Given the fact that we were able to confirm the
potential of plasma HNL Dimer as a clinically useful
biomarker for antibiotics stewardship in two
independent studies encourages us to suggest that
this biomarker should be implemented in intensive
care units and in the care of seriously ill and infected

patients.
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Figure 3

Successful antibiotics monitoring in sepsis
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Figure 3. The HNL Dimer was measured by the HNL ELISA (mab 763/765) in EDTA plasma of patients with sepsis at admission
(day 1) and after 2 days of successful antibiotics treatment (day 3). Procalcitonin was measured for comparison. We show
the results from two different cohorts with sepsis the Ostersund study* and the Peak study®. The statistics is shown on the
figure. The results adopted from references * 3.
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