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PLASMA GELSOLIN IS REDUCED IN TRAUMA PATIENTS

Benny Dahl,* Frank Vinholt Schiodt,t Peter Ott,t Robert Gvozdenovic,*
Helen L. Yin,§ and William M. Leel

Departments of *General Surgery, Division of Burn/Trauma/Critical Care, $Physiology, and "internal
Medicine, Liver Division, The University of Texas Southwestern Medical Center at Dallas; Departments of
THepatology and *Orthopaedic Surgery, Rigshospitalet, Copenhagen, Denmark

Received 26 Jan 1999; first review completed 21 Feb 1999; accepted in final form 15 Mar 1999

ABSTRACT—Tissue injury results in the release of the intracellular protein actin which is cleared from the circulation by
the plasma proteins gelsolin and Ge-globulin, constituting the Extracellular Actin Scavenger System (EASS). Experimental
studies have shown that excessive amounts of actin in the circulation can lead to a condition resembling multiple organ
dysfunction syndrome (MODS), and we have previously demonstrated that the level of Gec-globulin is decreased after
severe trauma. The purpose of the present study was to determine whether the plasma levels of gelsolin were altered in
the early phase after trauma. Twenty-three consecutive trauma patients were studied. Plasma samples were assayed for
gelsolin by immunonephelometry with polyclonal rabbit antihuman gelsolin prepared in our own laboratory. The median
time from injury until the time the first blood sample was taken was 52 min (range 20—110) and the median Injury Severity
Score (ISS) was 20 (range 4-50). The gelsolin level on admission was reduced significantly in the trauma patients
compared with normal controls. The median level was 51 mg/L (7-967) vs. 207 mg/L (151-621), P < 0.0001. There was
no correlation between admission levels of gelsolin and ISS or survival. This study illustrates that the plasma concentration
of gelsolin is significantly diminished immediately after traumatic injury. Further studies are necessary to establish a role
for gelsolin or EASS in the development of MODS in trauma patients. The level of serum or plasma gelsolin can be

determined rapidly and accurately using a nephelometric assay.
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INTRODUCTION

While multiple organ dysfunction syndrome (MODS) com-
monly develops after severe trauma, a full understanding of the
pathophysiologic events which occur after trauma would help
in the development of effective treatments. In animals, intra-
venous injection of large amounts of actin results in rapid death
due to the formation of actin-containing microthrombi eliciting
endothelial injury resembling the pathological findings in adult
respiratory distress syndrome (ARDS), a condition invariably
linked to MODS (1).

Actin is a ubiquitous structural protein in muscle and non-
muscle cells. It exists in an equilibrium between monomers
(G-actin) and polymers (F-actin) (2, 3). During normal cell
turnover and especially during tissue injury, cellular actin is
released into the circulation where the ionic composition of the
extracellular fluid favors polymerization of actin molecules
into F-actin filaments (3). The plasma proteins gelsolin and
Gce-globulin appear to remove F-actin from the circulation and
constitute the Extracellular Actin Scavenger System (EASS), a
homeostatic mechanism. Gelsolin is an actin-severing protein
that promotes F-actin depolymerization, so that G-actin mono-
mers can bind to Ge-globulin and be cleared from the circula-
tion (4). Complexes of G-actin:Gce-globulin are cleared primar-
ily in the liver and in the spleen (5, 6). Gelsolin exists in a
cytoplasmic and a plasma isoform encoded by the same gene
(7). Plasma gelsolin, however, contains an additional 25 amino
acids compared to the cytoplasmic form, and is synthesized
primarily by muscle (8, 9).
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Clinical studies suggest that in conditions of massive cell
death, release of large amounts of cellular actin may over-
whelm the EASS. Lind et al. (3) suggested that F-actin fila-
ments, if not removed rapidly, may increase the viscosity of the
extracellular fluids including plasma, leading to impaired per-
fusion of organs. Plasma levels of Ge-globulin are decreased in
patients with acute liver failure and septic shock and correlate
with the severity of the disease and with survival. Patients with
the most severely decreased Gce levels (< 10% of normal val-
ues) have a poor outcome (10-12).

Since major trauma often is accompanied by tissue or cell
death, it is likely that the EASS is affected in such conditions.
We have recently shown that the serum level of Ge-globulin,
measured by rocket immunoelectrophoresis (RIE), is reduced
in patients with severe trauma (13). The purpose of the present
study was to determine whether the plasma levels of gelsolin,
measured by immunonephelometry, were also altered in the
early phase after trauma.

MATERIAL AND METHODS

Study population

The study population consisted of 23 trauma patients, 10 women and 13
men, with a median age of 40 years (range 19-86). All patients fulfilled one or
more of the criteria for severe injury described by the American College of
Surgeons (14):

1. Injury to more than 1 organ system (CNS, respiration, circulation, abdomen,
extremities).

2. More than 1 fracture of the long bones or the axial skeleton (pelvis/spine).

3. Fracture of the axial skeleton combined with another fracture.

All patients but one patient sustained blunt trauma. Mechanisms of trauma are
shown in Table 1.

The time of injury was established from police and ambulance records, and
only patients primarily admitted within 2 h after the injury were included after
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TaLE 1. Mechanisms of injury

Mechanism of injury Number of patients

Pedestrian/bicyclist hit by motor vehicle 11
Fall from height 8
Motor vehicle collision 3
Explosion 1
Stabbing wound through spine 1

informed consent. All 23 patients had a blood sample taken on arrival to the
emergency department. The median time from injury until the first blood
sample was taken was 52 min (range 20-110).

To describe the time course of gelsolin after injury, 11 patients had blood
samples taken the first 6 days of hospitalization.

At discharge or death, all patients were scored according to the Injury
Severity Score (ISS) (15, 16). The median ISS was 20 (range 4-50). Trauma-
related death was defined as death within 30 days after the trauma. Seven
patients died and 16 survived. The study was approved by the local ethics
committee, and patients were included after informed consent from the patient
or the next of kin.

Control group

The population of normal individuals consisted of 25 healthy blood donors,
who had an extra blood sample taken immediately after donation of 450 mL
blood. The population consisted of 10 women and 15 men with a median age
of 32 years (range 18-58).

Analyses or patients and methods

Gelsolin concentration was quantified in sera from 23 trauma patients, and
in 25 age- and sex-matched healthy individuals.

Immunonephelometry was performed using a Behring Nephelometer
(Behring Diagnostics Inc, Westwood, MA), according to the method described
by Wians et al. (17). The principle of immunonephelometry is based on a
positive linear relationship between the scattering of a light source by antigen-
antibody complexes and the concentration of antigen (i.e., gelsolin). Briefly, a
working gelsolin standard solution (400 ug/mL) was prepared by manually
diluting a 1 mg/mL solution of purified gelsolin 1:2.5 with N-Diluent (Behring
Diagnostics Inc). The working standard solution and patient’s plasma samples
were assayed in duplicate using an immunoglobulin fraction of rabbit serum
prepared by immunization of New Zealand White rabbits (18).

Statistics

Data were tested for normal distribution using the Kolmogoroff-Smirnov
test. Due to the non-normal distribution of data, comparison between groups
was done using Mann-Whitney rank sum test. Likewise, all results are ex-
pressed as median and range, and the correlation between gelsolin values and
ISS was calculated using Spearman’s rank test. P < 0.05 was considered
significant.

RESULTS

The gelsolin levels measured by this assay were reduced
significantly in the trauma patients compared with normal con-
trols: 51 mg/L (7-967) vs. 207 mg/L (151-621), P < 0.0001
(Figure 1). There was no correlation between admission levels
of gelsolin and ISS (P = 0.7). Neither was there any signifi-
cant difference in admission levels of gelsolin in survivors
compared to non-survivors (P = 0.86).

Using a cut-off level of 150 mg/L., no normal controls had
plasma gelsolin concentrations below that level, and only 5 of
the 23 trauma patients had gelsolin concentrations above that
level.

In the patients with serial blood samples, the lowest levels of
gelsolin were found on day 1 after the injury. Thereafter, the
gelsolin level gradually increased to reach the normal range on
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day 6. Again, no correlation between survival or ISS was
found.

DISCUSSION

This study demonstrates that the plasma concentration of
gelsolin measured within 2 h after blunt trauma is reduced to an
average of 25% of normal values. This result corresponds to
our previous findings regarding EASS in trauma patients,
where Ge-globulin levels were markedly reduced on admission
(13), although the reduction in gelsolin levels is even more
profound than that observed for Gc. The very low gelsolin
levels are presumed to result from consumption of scavenging
proteins due to massive actin release and the process of clear-
ance of filamentous actin. However, since gelsolin is primarily
synthesized in muscle (4), it would be released from muscle in
trauma settings and may partially ameliorate the gelsolin deple-
tion observed. Thus, gelsolin depletion in the circulation might
be even more impressive if not for the simultaneous release of
actin and gelsolin from damaged muscle tissue.

Gelsolin depletion was observed in our previous study of
muscle diseases; all patients in that study had elevated creati-
nine kinase levels due to either ischemic injury or polymyosi-
tis, and none were due to blunt trauma (18). Using quantitative
immunoblotting, the gelsolin levels were reduced to approxi-
mately 50% of normal levels in that study vs. the more pro-
found changes in the present one. However, the samples ana-
lyzed in the earlier study were collected over days rather than
hours, and the insults were less acute than those observed in the
trauma patients.

There are likely to be several other determinants of gelsolin
levels after trauma besides tissue release and consumption.
Clearly, an inflammatory response is part of traumatic injury
and gelsolin levels may be affected by cytokine secretion. Yin
et al. (19) and Johnston et al. (20) have shown that macro-
phages are capable of secreting gelsolin, and the mobilization
of macrophages to sites of injury may also play a role in
determining gelsolin plasma levels.

The gelsolin level dropped dramatically within 2 h of injury.
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There are other examples of early response to trauma. In-
creased plasma levels of the cytokine interleukin-6 have been
demonstrated within 1 to 2 h after traumatic injury (21, 22).
Additionally, the plasma concentration of tumor necrosis factor
(TNF) is increased within hours after combined trauma and
hemorrhage (23, 24). A recent study by Hecke et al. (25) found
that the concentration of complement C3a at the time of the
injury was correlated to survival. Of interest, patients who
subsequently developed sepsis had a higher level of C3a at the
time of injury compared to patients who did not develop com-
plications. Although this difference did not reach significance,
it suggests that late complications after trauma may depend on
pathophysiological processes which take place early after the
injury.

Based on our previous studies of other tissue injury settings
(severe hepatic, pancreatic or myocardial necrosis) in which
the level of EASS proteins (Gc or gelsolin) correlated with the
extent of injury, we were surprised that no correlation between
gelsolin levels and either ISS or survival was found. Although
virtually all patients had sustained extensive blunt trauma, and
10 had major muscle lacerations (crush injuries), post hoc
analysis of the results omitting patients with crush injuries
from the group did not change the lack of correlation between
admission levels of gelsolin and survival or injury severity. All
but 5 patients had subnormal levels of gelsolin on arrival.
These 5 patients did not differ from the rest of the patients
regarding survival, ISS, time to blood sample, age, sex, or
crush injury vs. non-crush injury. We are aware that the present
study holds limited statistical power due to the relatively low
number of patients included. We do find, however, that it pro-
vides a clear answer to the question of whether or not gelsolin
levels are altered in the early phase after trauma. Further stud-
ies on larger patient populations are needed to determine
whether any subgroups of patients have affected their EASS in
a special way. Larger studies will also provide a more detailed
understanding of the change in plasma gelsolin over time after
injury. The fact that both components of the EASS are affected
in the early phase after injury indicates a possible role of gel-
solin and Ge-globulin in the systemic inflammatory response
syndrome (SIRS) after trauma. Since uncontrolled SIRS leads
to MODS, this makes it attractive to speculate that modulation
of EASS might prevent organ complications after injury.

In conclusion, using a new and accurate quantitative assay,
we have determined that gelsolin, one of the essential proteins
of the actin-scavenging system, is markedly and rapidly de-
pleted in most patients after trauma. Nephelometric measure-
ment of gelsolin levels provides a rapid and accurate method of
determining gelsolin levels in plasma or serum. While this
technique is readily applied to evaluation of clinical samples, a
larger study will be necessary to determine whether there is a
correlation between gelsolin levels and type or extent of
trauma.
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