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Levels of soluble FcyRIII correlate with disease severity in sepsis
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SUMMARY

Neutrophil activation is thought to play a crucial role in the pathogenesis of sepsis. During activation,
neutrophils adhere to and migrate through the endothelium. Therefore, the amount of circulating
neutrophils does not adequately reflect the total amount of neutrophils that are involved in the
pathophysiologic process of this condition. In this study we test the hypothesis that the severity of
sepsis is associated with the total body mass of neutrophils as reflected in the plasma concentration of
soluble Fe receptor type Ill (sFgRIII). Nineteen patients with sepsis (12 male, seven female, median
age of 69 years, range 29-87 years) were included in this study. Ten healthy volunteers served as
controls. Plasma sk®III concentrations were measured by ELISA. Other parameters that were studied
were leucocyte count, plasma concentrations of lactoferrin and solubkdectin, and surface
expression of CD11b and CD66b on circulating neutrophils. Disease activity was measured using the
Acute Physiology and Chronic Health Evaluation (APACHE) Il score. SolublgRAt levels were
elevated in sepsis patients whereas solukdelectin levels were moderately decreased compared with
healthy controls. Markers of cell activation were significantly increased in sepsis patients. Soluble
FcyRIIl correlated with disease severity as measured by the APACHE s&bt®-05,r=0-53),
whereas the other parameters did not correlate with the APACHE score. In conclusion, this study
demonstrates that solublefRIIl is a useful marker for disease severity in patients with sepsis.
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INTRODUCTION phagocytosis and intracellular digestion. In sepsis, neutrophils are

ﬁtrongly activated and prepared to kill microorganisms, but they

Sepsis has become an increasingly important clinical syndrome ialso cause severe damage to surrounding tissues by releasing toxic
intensive care units. Mortality associated with this syndrome is 9 9 y 9

. o . . . - lysosomal enzymes and oxygen radicals [6]. It has been demon-
unsatisfactorily high, despite modern intensive medicine and antl-t ted that di it of . lat ith th tent of
biotic therapy [1]. Better insight into the pathophysiology of sepsisf}éatreo hilaactli?/ Z‘;zen Zesvﬁ:gso rzzpt? Isé(v);z ?)feslzzvsltase eaexrce)g ;
could improve current treatment modalities, and possibly decrease utrop . ured by » @ proau

its mortality [2]. released by activated neutrophils, in plasma [7], or by the expres-

Regarding the pathophysiology of sepsis it is hypothesized thation of CD11b on circulating neutrophils [8]. Increased expression

. . f CD11b an her adhesion molecul n neutrophils allow
local defence mechanisms are not sufficient in eliminating micro-> € b and other adhesio olecules on neutrophils allows

- S . L these cells to adhere to (activated) endothelial cells and to
organisms, resulting in a systemic overwhelming inflammatory,

response. This initially proinflammatory reaction is followed by tg’:]lns_lr];lg:g;sréhrct)ﬁghnthr(]eqbeer:’dc;t? eéli?(lz r;;%r;ola?/:rcglgouie ;nsj;cj::s
a compensatory, sometimes overwhelming, anti-inflammator)l ) - ' umt of - cireu g ‘eucocy
neutrophils, as measured in daily clinical practice, does not reflect
response [2,3]. S . -
the total number of neutrophils involved in the disease process of

Neutrophils play a central role in the inflammatory response ir]se sis, since activated adherent or transmigrated cells are not
sepsis [4,5]. Neutrophils form the host's first line of defence: pSIS, 9

against microoraanisms. Thev kill invadina microoraanisms b included. The total body mass of neutrophils may therefore better
g 9 ' y 9 9 yreflect the amount of neutrophils involved in the inflammatory

Correspondence: Professor Dr C. G. M. Kallenberg, Department ofrocess in sepsis than the number of circulating cells.
Clinical Immunology, University Hospital Groningen, PO Box 30001,9700  The total body mass of neutrophils consists of young
RB Groningen, The Netherlands. neutrophils in the bone marrow, circulating neutrophils in the
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bloodstream, neutrophils from the marginating pool (mainly in theSoluble FgRIIl ELISA
lungs), adherent activated neutrophils, and, finally, extravasatetevels of sFcRIll in (EDTA) plasma were measured as previously
neutrophils in tissues [10]. As demonstrated by Huizieigel [11], the described [18]. Briefly, ELISA plates (Nunc Immunoplate Maxi-
plasma concentration of the soluble Fc receptor Ill for IgG appearsorp, Roskilde, Denmark) were coated witlkd@ml anti-CD16
a good marker for estimating the total body mass of neutrophils. MoAb (CLBFcRgran 1) in 0-&# NaHCG; pH 9-6. Unbound sites

The third Fe/ receptor or CD16 consists of two forms: the were blocked with PBS containing 2% (v/v) milk (PBS/milk).
transmembrane R&llla on macrophages and natural killer (NK) After washing the plates with PBS containing 0-02% Tween-20
cells which binds monomeric IgG, and the phosphatidyl-inositol- (v/v), the wells were incubated with 25- and 50-fold dilutions of
linked FeyRIIIb on neutrophils, which binds complexed 1gG [12]. plasma samples in High Performance ELISA (HPE) buffer (CLB,
Soluble FgRIIl is mainly derived from neutrophils [13], anich Amsterdam, The Netherlands) at room temperature for 1h in
vivois thought to be cleaved from the cell surface in the process ofluplicate. Subsequently, the plates were incubated for 1 h with
neutrophil apoptosis [14,15]. The concentration ofd®dl is not appropriate concentrations of biotin-labelled antiR8l poly-
affected by redistribution of neutrophils, and is correlated with theclonal antibody (CLB), diluted in HPE buffer. After washing, the
production of neutrophils in the bone marrow [11]. plates were then incubated for 30 min with horseradish peroxidase

To test the hypothesis that the total number of neutrophils, agHRP)-labelled streptavidin, diluted in PBS/milk, washed again,
reflected in plasma levels of solubleyRlIl, is a useful marker for  and 10Qul of substrate were added. The colourimetric reaction was
disease severity in sepsis, we related those levels to clinical diseastopped by addition of @ H,SO,, and the absorbance was
activity as measured by the Acute Physiology and Chronic Healthmeasured in a Titretek multiscan ELISA reader (Flow Labs,
Evaluation (APACHE) Il scores. In addition, we related gRdl Rockville, MD). Pooled plasma of 90 healthy individuals was
levels to other possible markers, such as leucocyte countsjsed to obtain a calibration curve. The concentration ofBf¢in
neutrophil surface expression of CD11b and CD66b, and plasmthis pool was set at 100 arbitrary units (AU).
levels of soluble.-selectin and plasma lactoferrin.
SolubleL-selectin ELISA
Soluble L-selectin (s-selectin) was measured using a commer-

PATIENTS AND METHODS cially available s-selectin ELISA kit (BenderMed Systems,
Patients and controls Vienna, Austria) [19]. In brief, microtitre plates, coated with a
The patient group consisted of consecutive patients with sepsisloAb to human.-selectin, were incubated with different dilutions
admitted to our hospital’s intensive care unit. Inclusion criteria of either the s-selectin standard (ranging from 0-4 to 25 ng/ml) or
were as previously described [16] (Table 1). Informed consent fothe patients’ plasma samples. Plasma samples were two-fold
collection of blood samples was obtained from each patient or amliluted starting at a dilution of 1:100. Without washing, HRP-
appropriate family member. All patients entered the study withinconjugated anti-selectin mouse MoAb was added and incubated
hours after admittance to the intensive care unit. To assess diseaf® 2 h at room temperature. Plates were washed and the substrate,
severity, patients were scored with the APACHE Il scoring systentetramethyl benzidine (TMB), was incubated for 15min at room
[17]. Additionally, 10 healthy volunteers (five male, five female, temperature. The enzyme reaction was stopped by additionvof 4
median age 57 years, range 43-61 years) were included in thisulphuric acid. Optical density (OD) values were read at 450 nm.
study as healthy controls.
Lactoferrin ELISA

Methods Measurement of lactoferrin concentrations in plasma samples was
Blood was collected for the simultaneous measurement of leucoperformed as described previously [20]. Briefly, Hycult plates
cyte counts, flow cytometric parameters (see below), and plasmé@Jden, The Netherlands) were coated with a Fatabbit anti-
concentrations of sh®lll, lactoferrin and solubleL-selectin.  human lactoferrin polyclonal antibody (Jackson, Westgrove, PA)
Healthy laboratory personnel served as normal controls. overnight at room temperature at a dilution of 1:750, then washed,

Table 1. Systemic inflammatory response syndrome (SIRS): inclusion criteria

Inclusion criteria [16]

Fever ¢&38-3C) or hypothermia< 35-6C)
Tachycardia* 90 beats/min)
Tachypnoeax 20 breaths/min) or mechanical ventilation either:
hypotention (syst. bgs 90 mmHg or drop of syst. bp 40 mmHg)
or
two out of six signs of systemic toxicity or peripheral hypoperfusion:
unexplained metabolic acidosis
arterial hypoxaemia
acute renal failure
elevated prothrombin or partial-thromboplastin time or reduction of platelet count
sudden decrease in mental acuity
cardiac index= 4 |/min per nf body surface with systemic vascular resistasc@00 dyn. s/cm
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and incubated with two-fold dilutions of the samples, starting at aStatistical analysis

dilution of 1:25, for 1 h at 37TC. After washing, a rabbit anti-human Groups were analysed for differences in surface expression by
lactoferrin polyclonal antibody conjugated with HRP (Jackson)means of the Kruskal-Wallis test. Subsequently, differences
was incubated for 30 min at 32 in a dilution of 1:500. Finally, between groups were analysed by the Mann—Whitney test. Corre-
o-phenylenediamine (OPD; Sigma, St Louis, MO) substrate wadation between parameters was analysed by the Spearman rank
incubated for 15 min. The colour reaction was stopped withi 100 correlation test. A two tailed® value <0-05 was considered to
per well of 2n H,SOy. OD values were measured at 492 nm. As aindicate statistical significance. These tests were performed by
reference sample, the supernataninofitro activated neutrophils using GraphPad Instat2 Software.

was used at a concentration of Agml.

Flow cytometric analysis of surface expression of CD11b and RESULTS

CD66b Patients

Flow cytometric analysis was performed at time of admittance toNineteen consecutive patients with sepsis were included in this
the intensive care unit. To avoid vitro activation of granulocytes  study (12 male, seven female, median age 69 years, range 29-87
we used a whole blood method [21]. EDTA anti-coagulated bloodyears). All patients included with the systemic inflammatory
was kept on ice until sample preparation. Sample preparation wagsponse syndrome (SIRS) had a predisposing infection. Seven
started always within 5min after blood sampling. All steps werepatients had normal leucocyte counts, whereas 12 patients had
performed in Hanks' balanced salt solution (HBSS) without leukocytosis$ 11-0x 10%1). Fourteen patients needed mechanical
calcium and magnesium (g&o, Life Technologies Ltd, Paisley, ventilation. Initially, 10 patients had impairment of renal function
UK), supplemented with 1% bovine serum albumin (BSA; Boseral,(serum creatinin levels 120umol/l). Additionally, during follow
Organon Teknika, Boxtel, The Netherlands). Cells were fixed withup renal failure occurred in another two patients. Ten patients had
1% paraformaldehyde in PBS for 10 min on ice, washed, followedabnormal liver test (alanine aminotransferasé0 U/ml and/or

by two times erythrocyte lysis with lysis buffer (155MNH,Cl, alkaline phosphatase120 U/ml). Seven patients died within 28
10mv KHCOs, 0-1mu NaEDTA.H,0) for 5min at 37C. The  days after the onset of sepsis. Median length of stay in the intensive
first antibody (anti-CD66b, CLB-B13.9, CLB; or anti-CD11b, care unit was 13 days, ranging from 2 to 57 days. Patient
2LPM19c, Dako, Glostrup, Denmark) was incubated for 1 h atcharacteristics are given in Table 2.

4°C. After washing, the cells were incubated with a goat anti-

mouse immunoglobulin polyclonal antibody conjugated with PEFlow cytometry

(Southern Biotechnology Associates Inc., Birmingham, AL) As markers of neutrophil activation, the expression of CD66b and
supplemented with 5% normal goat serum and 5% normal huma@€D11b was used. Both markers are stored in granules of the
serum, 1:20 diluted, for 1 h af@ in the dark. Subsequently, cells neutrophil and are expressed at the cell surface upon activation
were washed and stored until flow cytometric analysis wasand degranulation [23]. These markers have been shown to be
performed. sensitive markers for neutrophil activation [24,25].

Analysis of surface marker expression was performed on a Surface expression of both CD11b and CD66b on neutrophils
Coulter Epics ELITE flow cytometer (Coulter, Hialeah, FL), the was increased in patients with sepsis compared with the expression
same day or, in some cases, the next day (always within 18 hjpf these markers on cells from healthy contrdfs=0-0002 and
When the cell pellet contained erythrocytes, the intercalating dyelP <0-0001, respectively) (Fig. 1).

LDS751 (Exiton Chemical, Dayton, OH) was added before flow

cytometry measurement. Erythrocytes could successfully béolubleL-selectin

excluded from the leucocyte population in the LDS751/forwardL-selectin is an adhesion molecule which is expressed on most
scatter dot plot, when combined with a lifegate. Neutrophils andeucocytes and is shed upon cell activation [26,27].

monocytes were identified by forward and sideways scatter. SolubleL-selectin concentrations in plasma from patients with
Eosinophils were excluded from the neutrophil population bysepsis was decreased compared with plasma concentrations of
their high autofluorescence. Data were analysed using Immuno-#ealthy controls®=0-004) (Fig. 1).

software [22]. Blood samples from the controls were analysed in

parallel. Plasma lactoferrin

The expression of surface markers was calculated as medmactoferrin (LF) is stored in the specific granules of neutrophils
fluorescence intensity (MFI) in combination with the percentage ofand is released upon neutrophil activation and subsequent degran-
positive cells (pos. percentage). Data were expressed as a percanation. Therefore, LF plasma concentrations are a reflection of the
tage of the expression (MFI) on neutrophils from healthy controls,extent of neutrophil degranulation [20].
and corrected for non-specific binding of an irrelevant antibody (of  Plasma concentrations of LF were increased in patients with
the same isotype) and the conjugate (NSB), and the percentage sépsis compared with plasma concentrations in healthy controls
positive cells, according to the following formula: (P<0-0001) (Fig. 1).

(MF1 — NSBjpatient X POSYepatient . 4 00 Soluble Fe/RIIl
(MFI — NSB)¢ontrol X POS%control Soluble FgRIIl concentrations in plasma from patients with sepsis
were increased compared with healthy contrBls-(0-03) (Fig. 1).
In order to assess the variability of the normal population, the
age-matched controls were analysed simultaneously. Their indiviCorrelations
dual data were expressed as a percentage of the mean of the healtdy correlation could be found between leucocyte or the absolute
control population. polymorphonuclear neutrophil (PMN) count on the one hand and

expression index
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Fig. 1. Dot blot of soluble FgRIIl, solubleL-selectin, and lactoferrin (LF) 00 10 20 30 40 50
plasma concentrations, and neutrophil surface expression of CD11b and APACHE
CD66b in patients with sepsi®] and healthy control4{). Horizontal bars score
represent median values. (b)
40
. - P=064
APACHE Il score P=0-80,P=0-76, respectively) on the other = r—012 ™ -
hand, nor between leucocyte or the absolute PMN count and levels °é 30k
of sFeyRIIl (P=0-64,P=0-14, respectively) (Fig. 2). X
Levels of sFgRIIl correlated with the APACHE score € .l - [ |
(P=0-02, andr=0-53, Fig. 3). In addition, plasma levels of § 20+
sFeyRIII correlated with levels of isselectin P=0-03,r =0-66, Q ..l u
Fig. 5). g -
No correlation could be found between the expression of S 101 n -
membrane markers of cell activation (CD66b or CD11b) on 38 m N [ |
circulating cells and the APACHE Il score, nor between these 0 ,' A A |
markers and skl (Fig. 4). In addition, no correlation could be 0 100 200 300 400
found between the expression of activation markers and the sFcRIll concentrations (U)

absolute number of circulating neutrophils or the leucocyte count.
Finally, a-selectin concentrations did not correlate with the Fig. 2. Relation between the numbers of circulating leucocytes (ordinate)

APACHE Il score P=0-5), nor did plasma levels of LIP& 0-48) and the Acute Physiology and Chronic Health Evaluation Il (APACHE II)
(Fig. 5). scores (a) and levels of solubleyRill (b) (abscissa).

neutrophils die. Neutrophils release ARlll upon apoptosis
DISCUSSION in vitro [14,15]. This, and the finding that a single dose of
Massive systemic activation of neutrophils plays an important rolegranulocyte colony-stimulating factor (G-CSF) induces increased
in the pathophysiology of sepsis. Activated neutrophils expres#ieutrophil counts, followed by an increase in plasmay&Ht
increased numbers of adhesion molecules that demonstrate a higlevels with a time lapse of 6 days [29], suggests thaty&f4 is
affinity binding state for endothelial cells, allowing these cells to derived from apoptotic neutrophils. Therefore, if gRell is
adhere to and transmigrate through (activated) endothelium. These
adherent and transmigrated cells no longer circulate in the blood
and are therefore not measured when the number of circulating 400 ~
neutrophils is determined.

To obtain information about the total number of neutrophils
that is involved in the inflammatory response, it may be useful to
estimate the total body mass of neutrophils, since the total body |
mass reflects not only circulating neutrophils but also adherent and
transmigrated cells. In the present study, we demonstrate that
plasma concentrations of sfRlll, a marker of the total body
mass of neutrophils, correlate with severity of disease in patients
with sepsis.

We measured sh®lIIl with an ELISA in which antibodies
were used that do not distinguish betweemgdRitia derived from | | | | |
macrophages and NK cells and $RtlIb derived from neutrophils Y
[18]. However, plasma analysis BEyRIIIB gene-deficient donors
has suggested that sfRllla contributes only marginally to total APACHE Il score

levels measured in healthy individuals [28]. Therefore$Hd is Fig. 3. Relation between soluble fRIII concentrations (ordinate) and the

mainly deriv.ed.from neutrophils. ) ~ Acute Physiology and Chronic Health Evaluation Il (APACHE Il) score
Apoptosis is thought to be the major pathway by which (abscissa).

(U)

300 u

on

200
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Fig. 4. Relation between the expression of CD66b or CD11b on circulating neutrophils (ordinate) and the Acute Physiology and Chronic
Health Evaluation Il (APACHE Il) scores (a and c, respectively) and levels of soluhlRIRqb and d, respectively) (abscissa).

derived from apoptotic neutrophiis vivo, the level of sFgRIII in
plasma reflects the turnover of neutrophils. This would imply that

severity of disease in sepsis patients is correlated with increased 10'0(51
neutrophil turnover. P 050

Soluble FgRIIl concentrations in plasma from patients with  § r =018 .
sepsis were higher compared with healthy controls. In patients with 5 7.5
sepsis, sFgRIIl concentrations ranged, however, from lower =
normal levels to levels far above those found in healthy controls. § =
This may suggest that in patients with sepsis a good prognosis, 8 % 50 m " am n
corresponding with a low APACHE Il score, is associated with a .S = u " a, u -
decreased rate of apoptosis, whereas a poor prognosis is associated - g
with an increased rate of apoptosis of neutrophils. Mediators 8 251 u
released during infections, such as IL-6 and endotoxin, induce ®
cell activation and at the same time suppress apoptosis, and 0-0 L L L L J
therefore promote accumulation of neutrophils [30,31]. Indeed, 0 10 20 30 40 50
in infections the accumulation of neutrophils is favourable for host APACHE score
defences.

Several studies have demonstrated increased expression of 4Oéb_)
CD11b on circulating neutrophils in patients with sepsis, indicating P=0-03
that neutrophils are intravascularly activated [32—35]. In accord- § r =066 u
ance with Rosenblooret al [8], we did not find a correlation < 300
between the expression of CD11b on neutrophils and the APACHE &
I score. Although in their study the Goris score correlated with the £
APACHE |l score, a direct correlation between cell activation and & 200"
the APACHE Il score could not be found. In the present study we g
also measured the expression of CD66b as a marker for neutrophil E 100k
activation. CD66b expression is successfully used in other studies ©
to measure neutrophil activatiémvivo [24,36]. The expression of @
CD66b on circulating neutrophils from patients with sepsis was 0 L L L J

0-0 2:5 5-0 7-5 10-0

increased compared with healthy controls, but did not, however,
correlate with the APACHE Il score in these patients. During sL-selectin concentration (pg/ml)

activation of neutrophils, granule proteins such as LF are releasegig s Relation between plasma levels of solubleelectin and Acute

In line with the observed activation of neutrophils, we observedphysiology and Chronic Health Evaluation Il (APACHE Il) scores (a) and
elevated levels of LF in our sepsis patients. levels of soluble FgRIII (b).
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It has been hypothesized that during neutrophil activation14 Dransfield I, Buckle AM, Savill JS, McDowall A, Haslett C, Hogg N.

L-selectin is shedn vivo [37]. Therefore, measurement of-s Neutrophil apoptosis is associated with a reduction in CD16 (Fc gamma
(37] , _
selectin was included in our study as a possible marker for RIll) expression. J Immunol 1994:531254—63. _
neutrophil activation. Surprisingly, we did not find elevated 15 Homburg CH, de Haas M, dem Borne AE, Verhoeven AJ, Reuteling-
levels of s-selectin in patients with sepsis, which may suggest sperger CP, Roos D. Human neutrophils lose their surface Fc gamma
. . L Lo v RIIl and acquire Annexin V binding sites during apoptosisvitro.

thatL-selectin shedding does not ocdéavivo. Previously, Spertini au X Nding st uring apop :

. . . Blood 1995;85:532—40.
etal [37] and McGillet al. [38] found elevatedisselectin levelsin =~ ;¢ Ziegler EJ, Fisher CJ Jr, Sprung @tal Treatment of Gram-negative

patients with sepsis. Since shedding efelectin may be induced bacteremia and septic shock with HA-1A human monoclonal antibody
by the handling of plasma samples, we took great care to avoid this against endotoxin. A randomized, double-blind, placebo-controlled
process. Differences in handling of plasma samples possibly trial. N Engl J Med 1991324429-36.

explains the observed differences. Solublselectin was first 17 Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a
discovered as being a product of activated leucocytes rather than severity of disease classification system. Crit Care Med 1888]18—

of apoptotic leucocytes [26,27]. Recently, it has been demonstrated 29- )

thatL-selectin shedding also occurs during the process of apoptosi Koene HR, de Haas M, Kleijer M, von Roos D, dem Bome AE. NA-
[39,40]. The findings in the present study suggest thatvo s - phenotype-depende_nt dn‘ferenpes in neutrophil Fc gamma RIllb
selectin may be generated in the process of neutrophil apoptosis. In expression cause differences in plasma levels of soluble Fc gamma

. . : . RIIl. Br J Haematol 199693:235—41.
line with this hypothesis, we found that levels of §Rgll were 19 Lampeter ER, Kishimoto TK, Rothlein Bt al. Elevated levels of

related to s-selectin. circulating adhesion molecules in IDDM patients and in subjects at risk
In conclusion, we found that skRIll is a good marker of for IDDM. Diabetes 199241:1668—71.

disease severity of sepsis. The total number of circulating neutro20 Martins CA, Fonteles MG, Barrett LJ, Guerrant RL. Correlation of

phils and/or markers of neutrophil activation on circulating neutro-  lactoferrin with neutrophilic inflammation in body fluids. Clin Diagn

phils were not related to disease severity. These findings suggest Lab Immunol 19952:763-5.

that the total turnover of neutrophils, as reflected in the plasma® Kuijpers TW, Tool AT, van der Schoot Cé al. Membrane surface

concentrations of soluble FRIII, could be a useful marker for antigen expression on neutrophils: a reappraisal of the use of surface

. o . . . kers for neutrophil activation. Blood 19928:1105-11.
determining clinical outcome in this often fatal condition. mar S .
9 22 Sladek TL, Jacobberger JW. Flow cytometric titration of retroviral

expression vectors: comparison of methods for analysis of immuno-
fluorescence histograms derived from cells expressing low antigen
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