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Immunoproteasome in the Plasma of Pediatric 
Patients With Moderate and Major Burns, and Its 
Correlation With Proteasome and UCHL1 Measured 
by SPR Imaging Biosensors
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Marta Komarowska, MD,* Anna Sankiewicz, MD,†  
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The aim of this study was to determine the immunoproteasome concentration in 
blood plasma of pediatric patients with moderate and major burns and its correlation 
with circulating proteasome and ubiquitin carboxyl-terminal hydrolase L1 (UCHL1) 
with surface plasmon resonance imaging biosensor. The study population comprised 
of 30 patients with moderate (n = 21) and severe burns (n = 9), aged 9 months to 
14 years. The control group represented 18 healthy, age-matched patients, admitted 
for herniotomy. Exclusion criteria were as follows: admission to the hospital later than 
6 hours after burn, cardiovascular or immunological diseases, and severe preexisting 
infections. Mean concentrations of immunoproteasome, 20S proteasome, and UCHL1 
in the blood plasma of children with burns—4 to 6 hours, 12 hours, 3 days, 5 days, 
and 7 days after thermal injury—were above the levels measured in controls. The 
immunoproteasome, 20S proteasome, and UCHL1 concentrations in the blood plasma 
of their patients were highest 12 hours after burn, slowly decreased over time, and on 
the 5th day still were higher than in controls (P < .05). There was a strong correlation 
between immunoproteasome and 20S proteasome concentrations 6 hours and 5 days after 
burn, and moderate correlation 12 hours after burn (P < .05). The immunoproteasome 
concentration is elevated after burn injury and slowly reaches the normal range during 
the wound healing process. There is strong correlation between immunoproteasome 
and 20S proteasome concentrations in the serum of children with moderate and major 
burns. They did not find such correlation between immunoproteasome and UCHL1 
concentrations. Immunoproteasome concentration do not correlate with age or sex.

The proteasome can be found in all eucariotic cells 
and is the central nonlysosomal protein degrading 
system, according to Ostrowska et  al “responsible 
for degradation of damaged proteins, short-lived 
proteins, and for the processing of intracellular 
antigens” [1,2]. The ubiquitin-proteasome system 
is also responsible for regulation of cell cycle, 

“proliferation, gene transcription and differenti-
ation, apoptosis, signal transduction, and antigen 
processing” (Sixt et al) [3].

The 20S proteasome is a barrel shaped complex 
consisting of four rings, and each unit has seven 
subunits. The central proteolytic chamber is formed 
by two outer rings (consisting of α subunits) and 
two inner rings (consisting of β subunits) [4].The 
catalytically active center of the 20s proteasome is 
formed by β1, β2, and β5 subunits [4].

According to Angeles et al, “Immunoproteasome 
is a subtype of proteasome that contains three major 
catalytic subunits: β1i (also known as low molecular 
mass peptide 2 [LMP2}; proteasome subunit beta 
9 [PSMB9], β2i (also known as multicatalytic en-
dopeptidase complex-like 1 [MECL-1; PSMB10}; 
and β5i (also known as LMP7; PSMB8)” [5]. 
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Interferon-ɣ influences proteasomes, and as a result 
immunoproteasomes are formed. The immunopro-
teasome is responsible for processing of antigens, 
and expansion and/or survival of T cells, in T helper 
cell differentiation in patients with inflammation of 
the brain, in inflammatory cytokine production, and 
in autoimmune disease [5].

Immunoproteasome can be found in different 
cells, eg, in nervous system: neurons, astrocytes, 
microglia, and endothelial cells [6,7]. Based on an-
imal studies, Chen et al found that “The increase of 
immunoproteasome LMP2 and LMP7 is probably 
involved in the inflammatory pathophysiological 
mechanism of ischemia stroke,” and “selective in-
hibition of the immunoproteasome subunit LMP7 
results in neuroprotection in middle cerebral artery 
occlusion (MCAO)” [6].

The impact of immunoproteasome on autoim-
munity and inflammation raised an interest in un-
derstanding its cellular function. In our research, we 
assessed the immunoproteasome concentration in 
serum of pediatric patients with moderate and major 
burns, to verify if it is a part of the metabolic re-
sponse to thermal injury, and its correlation with cir-
culating proteasome and ubiquitin carboxyl-terminal 
hydrolase L1 (UCHL1), using a surface plasmon 
resonance imaging (SPRI) biosensor.

To determine the immunoproteasome concentra-
tion, usually the enzyme-linked immunoabsorbent 
(ELISA) test and semiquantitative western blotting 
are used [8–15]. The drawback methods is the use 
of indirect labels, which may be the cause of losing 
of the protein functional properties. The SPRI bio-
sensor can become a good alternative. According to 
Sankiewicz et al, “This is a label-free, surface-sensi-
tive spectroscopic technique used to examine the in-
teraction between biomolecules” [16]. SPRI is based 
on detection of “changes in the refractive index 
within a short distance from the surface of a thin 
metal film caused by molecules bound to the metal 
surface” (also Sankiewicz et al) [16]. The researched 
substance is captured from the solution by the anti-
body or inhibitor [14–16].

So far several SPRI biosensors were used for clin-
ical research to determine, eg, lysosomal proteases, 
UCHL1, and immunoproteasome and circulating 
proteasome [17–25].

MATERIALS AND METHODS

Thirty children with thermal injuries who were 
hospitalized between 2014 and 2015 were studied. 

We included study patients with moderate burns 
n  =  21 (5–10% TBSA burn, 2–5% full-thickness 
burn) and patients with severe burns n = 9 (>10% 
TBSA burn, >5% full-thickness burn), which par-
ents gave written informed consent for both clin-
ical and biochemical follow-up. Patients were aged 
9 months to 14 years (median = 2.07 ± 1.91 years). 
There were 11 girls and 19 boys. The severity of 
the burn was assessed according to American Burns 
Association. All children in this study were treated 
conservatively, according to the same protocol, in-
cluding antibioticotherapy. Patients’ characteristics 
are shown in Table  1. The control group repre-
sented 18 healthy patients, with the same age char-
acteristics admitted for herniotomy between 2014 
and 2015. Exclusion criteria were as follows: admis-
sion to the hospital later than 6 hours after thermal 
injury, cardiovascular or immunological diseases, 
and severe preexisting infections. The study pro-
tocol had the approval of the Ethics Committee of 
University of Bialystok.

METHODS

Venous blood samples (1–2 ml) were drawn 2 to 
6 hours (on the admission), and 12 hours after the 
thermal injury, and on the subsequent days 3, 5, and 
7.  Blood samples were collected in EDTA tubes, 
plasma prepared according to the standard protocols 
and stored at −80°C.

CHIP PREPARATION

Gold Chip Was Manufactured as Described 
in a Previous Paper

Antibody immobilization for UCHL-1 determi-
nation was done according to the method described 
by Gorodkiewicz et al in their previous paper: “chips 
were then immersed in 20 mM of cysteamine etha-
nolic solutions for 2 hours and, after rinsing with 
ethanol and water, dried again under a stream of ni-
trogen. The specific rabbit monoclonal antibody so-
lution in a PBS buffer (10 µg/ml) was activated with 
NHS (50 mM) and EDC (200 mM). Activation of 
the antibody was done by adding the mixture of 
NHS and EDC (1:1) in a carbonate buffer solution 
(pH 8.5) into the antibody solution and with vig-
orous stirring for 5 minutes at the room tempera-
ture. Three microliters of this solution were placed 
on the active places with the amine-modified surface 
and incubated at for 1 hour” [16–18].
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Inhibitor—PSI Immobilization for Proteasome 
Determination

According to Gorodkiewicz et al and Sankiewicz 
et al, “PSI inhibitor (Z-Ile-Glu(OBut)-Ala-Leu-H)) 
at a concentration of 80  nM was activated with 
NHS (50 mM) and EDC (200 mM) in a carbonate 
buffer (pH = 8.5) environment and then placed on 
the thiol (cysteamine)-modified surface and incu-
bated at 37°C for 1 hour” [17,18]. For receptor 
immobilization in the process of immunoprotea-
some determination, we used commercial inhibitor 
ONX 0914, as described by Sankiewicz et  al [18]. 
According to Sankiewicz et  al and Gorodkiewicz 
et  al, “after receptor immobilization the biosensor 
were rinsed with water. Next, blood plasma samples 
(10× diluted) were placed directly on the prepared 
biosensor. The volume of the sample applied on each 
measuring field was 3  μl. Time of the interaction 
with receptor was max 10 minutes. As described by 
Gorodkiewicz et al, “The biosensor was washed with 
water and HBS-ES buffer solution pH = 7.4 (0.01 
M 4-(2-hydroxyethyl) piperazine-1-ethanesulfonic 
acid, 0.15 M sodium chloride, 0.005% Tween 20, 
3  mM EDTA), BIOMED, Lublin, Poland) to re-
move unbound molecules from the surface” [16,18].

SPRI measurements were performed on self-
made apparatus made, which detailed account can 
be found in previous paper [18]. SPRI measure-
ments were performed as described by Sankiewicz 
et al, “the measurements were performed at a fixed 
angle of incident light and the reflectivity was simul-
taneously measured across an entire chip surface. 

The contrast values obtained for all pixels across a 
particular sample single spot were integrated. The 
signal was measured twice on the basis of registered 
images, after immobilization of the receptor (anti-
body or inhibitor) and then after interaction with 
analyte. The SPRI signal, which is proportional to 
coupled biomolecules, was obtained from subtrac-
tion between the signal before and after interaction 
with a biomolecule” [18].

Also a background correction was applied as 
described by Sankiewicz et al, “some of the sites on 
the biosensor covered with PBS buffer were used 
as a control. Nonspecific binding was monitored 
by measuring the SPRI signal at a site on the chip 
without the receptor (ligand). Minimization of non-
specific binding was achieved by preparing samples in 
PBS buffer (NaCl and KCl concentration ~200 mM) 
at pH 7.4” [18].

Blood plasma samples from healthy children 
admitted for planned surgeries, and from our patients 
with burns, were 10-times diluted with PBS buffer. 
The drops of blood plasma were transferred onto the 
chip surface for 10 minutes [18]. As described by 
Gorodkiewicz in a previous paper, “A whole section 
of 12 spots was covered. The surface was washed 
with distilled water 10-times and after drying, the 
SPRI measurement was performed. An average value 
taken from 12 pair of measurements was considered 
as a single result” [17]. Concentration was evaluated 
from the calibration curve of immunoproteasome 
and 20S proteasome and UCHL1 [18]. As con-
trol surfaces, the same sample solution was run over 

Table 1. Characteristics of the study patients

Characteristic

Patients with thermal injuries
n = 30

Moderate burns
n = 21

Major burns
n = 9

Gender Female n = 9 Female n = 1
Male n = 12 Male n = 8

Age 1.5–7 y.o. 1–9 y.o.
(median: 2.07 y.o.) (median:2.07 y.o.)

Burns depth (degree)
epidermis and upper layers of the dermis 

(Second Degree Burns)
epidermis (Second Degree Burns) or most of 

the dermis (Third Degree Burns)

Burn surface area (BSA)

Partial thickness
BSA: 5–10%, n = 21
Trunk n = 11

Full thickness burn
BSA: 10–15%, n = 8
Full thickness burn BSA:
6%, n = 1
Trunk n = 4

Burned area
Upper limb and trunk n = 6 Upper limb n = 3
Lower limb and trunk n = 4 Lower limb n = 2

Antibioticotherapy Yes Yes
Preexisting medical disorders None None
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surface derivatized with nonreacting biomolecules to 
delineate the level of nonspecific binding.

STATISTICS

The Mann–Whitney U test and the Kruskal–Wallis 
H test with Dunn’s post hoc correction to con-
trol for multiple testing were used to compare dif-
ferences between groups. Statistical analyses were 
calculated with the STATISTICA PL release 10.0 
program. A two-tailed P < .05 was considered signif-
icant. Correlations were examined by linear regres-
sion (r) using the Spearman test.

RESULTS

Mean concentrations of immunoproteasome, 20S 
proteasome, and UCHL1 in the blood plasma of 
children with burns—4 to 6 hours after, 12 hours 
after, 3 days, 5 days, and 7 days after thermal injury—
were higher than in controls (P < .05) (Figures 1, 2, 
and 3). The immunoproteasome, 20S proteasome, 
and UCHL1 concentrations in the blood plasma 
of patients with burns were highest 12 hours after 
thermal injury and were 5-folds higher for immuno-
proteasome, 6-folds higher for 20S proteasome, and 
79-folds higher for UCHL1 than levels measured in 
controls, and the difference was statistically significant. 

The immunoproteasome, 20S proteasome, and 
UCHL1 concentration measured 3  days, 5  days, 
and 7 days after the thermal injury, slowly decreased 
over time, and still were higher than concentrations 
measured in controls (P < .05). There was a strong 
correlation between immunoproteasome and 20S 
proteasome concentrations 6 hours and 5 days after 
thermal injury, and moderate correlation 12 hours 
after the burn (P < .05). We did not find statistically 
significant difference in plasma levels of immunopro-
teasome in children with moderate and severe burns. 
An upward trend in immunoproteasome levels corre-
lating with thermal injury severity could be observed, 
but the group of children with severe burns was too 
small to draw conclusions (data not shown). We did 
not find the correlation between immunoproteasome 
and UCHL1 concentrations in the blood plasma of 
our patients after burns. In our group of patients with 
thermal injuries, there were no severe complications 
(eg, death, sepsis). All patients were treated with the 
same protocol and discharged home in good general 
state on the final phase of wound healing process.

DISCUSSION

The proteasome system is crucial for the pro-
tein breakdown of skeletal muscle in patients with 
thermal injuries [26]. Tumor necrosis factor alpha 
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Figure 1. Concentrations of immunoproteasome in the blood plasma of children with burns, g1: 4 to 6 hours after, g2: 12 
hours after, g3: 3 days, g4: 5 days, and g5: 7 days after thermal injury, ctrl = control group.
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and burn activate the proteasome system in skeletal 
muscle, which enhance the degradation of protein, 

and lead to negative nitrogen balance after thermal 
injury [26].
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Figure 2. Concentrations of 20S proteasome in the blood plasma of children with burns, g1: 4 to 6 hours after, g2: 12 hours 
after, g3: 3 days, g4: 5 days, and g5: 7 days after thermal injury, ctrl = control group.
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Figure 3. Concentrations of UCHL1 in the blood plasma of children with burns, g1: 4–6 hours after, g2: 12 hours after, g3: 
3 days, g4: 5 days, and g5: 7 days after thermal injury, ctrl = control group.
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Proteasome is not only a dominating component 
in protein degradation pathway, but also plays a key 
role in many regulatory processes—“signal transduc-
tion, cell differentiation, and stress response” as indi-
cated by Ostrowska et al and Basler et al [1,4]. Wada 
et al were the first to detect circulating 20S protea-
somes in human serum [23]. Also Lavabre-Bertrand 
et al found high levels of c-proteasomes in patients 
with “carcinomas of breast, stomach, kidney, colon, 
lung, testes, and liver” [27,28]. High levels of circu-
lating proteasome were also found in patients suffer-
ing from liver diseases, in septic and trauma patients, 
eg, after burns [28–31].

The immunoproteasome is an alternative form 
of the constitutive proteasome, which regulates the 
production of inflammation mediators (such as IL-1 
and tumor necrosis factor-α), and finally can cause 
the dysfunction of blood-brain barrier [32,33]. 
Compared with the constitutive proteasome, immu-
noproteasomes produce more peptides with a hydro-
phobic C-terminus, which are well suitable for the 
presentation on MHC class I molecules [34].

Immunoproteasome deficiency or inhibition 
affects T-cell survival, expansion, and differentia-
tion, cytokine production, and progression of au-
toimmune conditions [34]. Moreover, mutations in 
LMP7 and LMP2 in humans cause complex autoim-
mune and inflammatory phenotypes [34,35].

Study by Callahan et al showed that the up-reg-
ulation of LMP2 and LMP7 (two major catalytic 
subunits of immunoproteasome) is a consequence 
of heat shock in murine and human cell lines [36]. 
According to Wang et al, “Generation of immuno-
proteasomes by heat may reflect redundant pathways 
of generation of immunoproteasome-dependent epi-
topes under this condition” [37]. The inhibition of 
LMP7 (subunit of the immunoproteasome) has been 
proven effective for the treatment of autoimmune 
conditions in different mouse models and attenuates 
LCMV-induced meningitis, so immunoproteasome 
can possibly be a promising drug target [4].

UCHL1 is also a part of ubiquitin-proteasome 
system, which functions as a ubiquitin ligase and a 
deubiquitinating enzyme [37]. So UCH-L1 can ob-
struct the degradation process of the target protein. 
It stabilizes cell proteins, eg, β catenin, and acti-
vates kinases, eg, CDK4 [37]. UCHL1 is expressed 
mainly in central nervous system [36–38]. According 
to some authors, UCHL1 level can be the signal of 
brain damage. Current research found UCHL1 also 
in different kinds of cells [37].

Sixt et  al and Egerer et  al observed that levels 
of proteasome may “be elevated up to 20-fold in 
patients with various autoimmune diseases, eg, 

autoimmune myositis, systemic lupus erythema-
tosus, primary Sjogren syndrome, rheumatoid 
arthritis, vasculitis, systemic scleroderma, autoim-
mune hepatitis” [3,39]. Those authors found the 
correlation between the levels of proteasome and 
clinical state of petients. We made the same obser-
vation, connected with trend in the levels of immu-
noproteasome, 20S proteasome, and UCHL1 
reflecting the clinical course in our patients with 
thermal injuries. According to our study, the peak 
in the concentrations of the immunoproteasome, 
20S proteasome, and UCHL1 in blood plasma of 
patients 12 hours after burn, and its slow decrease, 
suggests that 20S proteasome and UCHL1 are 
released from tissues damaged by burn, and immu-
noproteasome is a part of the metabolic response to 
thermal injury.

We observed an upward trend in immunoprotea-
some levels correlating with thermal injury severity, 
but probably the group of children with severe 
burns was too small to show statistical significance. 
Our observation did not fully elucidate the clinical 
relevance of concentration of immunoproteasomes 
in blood plasma of children with burns. Also the 
impact of immunoproteasome on various immuno-
logical aspects raises an interest in understanding 
its cellular function in autoimmunity and inflam-
mation. Nonetheless, we believe that evaluation of 
plasma levels of immunoproteasome, 20S protea-
some, and UCHL1 may be helpful in the assess-
ment of the efficacy of treatment, in the course of 
thermal injuries.

In our study, we did not find correlation of immu-
noproteasome, 20S proteasome, and UCHL1 levels 
with gender or age, which is consistent with previous 
observations [40–42].

CONCLUSIONS

The immunoproteasome concentration is elevated 
after burn injury and slowly reaches the normal 
range during the wound healing process. There is a 
strong correlation between immunoproteasome and 
20S proteasome concentrations in the serum of pe-
diatric patients with thermal injuries. We did not find 
such correlation between immunoproteasome and 
UCHL1 concentrations. Immunoproteasome con-
centration does not correlate with age or sex (sup-
plementary material).

SUPPLEMENTARY MATERIAL

Supplementary data is available at Journal of Burn 
Care & Research online.
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