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List of abbreviations:  

UCHL1 – ubiquitin carboxyl-terminal hydrolase L1 

SPRI – surface plasmon resonance imaging 

LMP – low mass protein 

MECL - multicatalytic endopeptidase complex-like 

ELISA - enzyme-linked immunoabsorbent test 

EDTA - disodium ethylenediaminetetraacetic acid 

Abstract: The aim: to determinate the immunoproteasome concentration in the blood plasma of 

children with appendicitis, and its correlation with circulating proteasome and UCHL1. Material and 

methods: 27 children with acute appendicitis, managed at the Paediatric Surgery Department, were 

randomly included into the study (age 2 years 9 months up to 14 years, mean age 9,5 + 1 years). 

There were 10 girls and 17 boys. 18 healthy, age matched subjects, admitted for planned surgeries 

served as controls. Results: Mean concentrations of immunoproteasome, 20S proteasome and 

UCHL1 in the blood plasma of children with appendicitis before surgery, 24 hours after, and 72 hours 

after the appendectomy - were higher than in the control group. The immunoproteasome, 20S 

proteasome and UCHL1 concentrations in the blood plasma of patients with acute appendicitis, were 

highest before the surgery. The immunoproteasome, 20S proteasome and UCHL1 concentration 

measured 24 hours and 72 hours after the operation, slowly decreased over time, and still did not 

reach the normal range (p<0,05). There was no statistical difference between immunoproteasome, 

20S proteasome and UCHL1 concentrations in children operated on laparoscopically and children 

after classic appendectomy. Conclusions: The immunoproteasome concentration may reflect the 

metabolic response to acute state inflammation, and the process of gradual ebbing of the 

inflammation, thus may be helpful in the assessment of the efficacy of treatment. The method of 
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operation – classic open appendectomy, or laparoscopic appendectomy, does not influence the 

general trend in immunoproteasome concentration in children with appendicitis.  

Key words: SPR imaging biosensor, immunoproteasome, proteasome, UCHL1, appendicitis, 

inflammation, children 

 

 

Introduction 

The proteasome can be found in nuclei of all eucariotic cells, and is responsible for degrading used or 

defective proteins, takes part in controlling of the cell cycle, and/or cell differentiation. The 

proteasome is already used as an target in the treatment of myeloma and mantle cell lymphoma. 

Moreover,  according to Basler at al. the proteasome generates most ligands which are presented 

“on major histocompatibility complex class I molecules (MCH-1)”[1,2,3]. 

Proteasome 20S core particle is composed of two outer α-rings and two inner β-rings, each is made 

of seven distinct subunits [4]. According to Ostrowska et al. “intracellular 20S proteasome can be a 

free form that is latent, or forms active complexes with two regulators (PA700[19S], and PA28 [11S])” 

[4]. PA700 regulator binds to the outer α-rings of the 20S core, and also according to Ostrowska et al. 

“resulting 26S proteasome is responsible for energy-dependent degradation of polyubiquitinated 

proteins, including many short-lived regulatory proteins that control cell cycle progression, apoptosis, 

signal transduction, and gene expression” [4,5]. In humans, extracellular proteasomes have been 

found circulating in the plasma of patients suffering from a wide range of inflammatory, autoimmune 

diseases, and with neoplasms [6-11]. It is already known, that the level of proteasomes correlated 

with the severity of the disease in different pathologies [12]. The release of proteasome in the blood 

plasma may be a result of membrane disruption. Some authors postulate, that the release of active 

20S proteasome is regulated [13]. In vitro studies have shown, that proteasome is released by injured 
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endothelial cells, smooth muscle cells of the vessels, and tubular epithelial cells [13]. Study by Ito et 

al. demonstrated, that “extracellular 20S proteasome not only is released from cells but also plays a 

functional role in physiological processes” [14]. 

When the cells are stimulated by inflammation or interferon-γ or TNF-α, three subunits of the 

constitutive proteasome β1, β2 and β5 are replaced with the immunoproteasome catalytic subunits 

β1i (low-molecular mass protein [LMP]2), β2i (multicatalytic endopeptidase complex-like [MECL]10, 

and β5i (LMP7), respectively [15]. The immunoproteasome in conjunction with PA28 or/and with 

PA700 activator, 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 [1,4,16]. 

Under physiological conditions immunoproteasomes can be found in large quantities in thymus and 

lungs which are connected with immune system. Immunoproteasomes are practically not found in 

other organs [4,17]. According to animal study by Kimura et al. who investigated inflammation of the 

thyroid gland in mice “immunoproteasome is overexpressed”, and that “its blockade restores thyroid 

morphology and function” [15,18]. Also in mice with inflammation of the liver caused by bacterial 

infection, immunoproteasomes were found to be highly expressed. In rats during ischemia or 

endotoxemia, immunoproteasomes were found kidneys and other organs [4,19,20]. Many authors 

investigated the significance of the immunoproteasomes in immune response against viruses, but 

current research by Kimura found that “LMP7 inhibition inhibits proinflammatory cytokine 

production and attenuates the development of experimental inflammatory and autoimmune 

diseases” [4,15,19,21-23]. 

Therefore we wanted to determinate the immunoproteasome concentration in the blood plasma of 

children with appendicitis, before and after the surgery to verify if it is a part of the metabolic 

response to acute state inflammation, and its correlation with circulating proteasome and UCHL1, 

using a surface plasmon resonance imaging (SPRI) biosensor.  
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To determine the immunoproteasome concentration, usually the enzyme-linked immunoabsorbent 

(ELISA) test and semiquantitative western blotting are used [24-29]. The drawback methods is the 

use of indirect labels, which may be the cause of losing of the protein functional properties. The 

surface plasmon resonance imaging (SPRI) biosensor can become a good alternative. According to 

Sankiewicz et al. “This is a label-free, surface-sensitive spectroscopic technique used to examine the 

interaction between biomolecules” [30-32]. 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.) [32]. The  researched substance is captured from the solution 

by the antibody or inhibitor [30-32]. 

So far several SPRI biosensors were used for clinical research to determinate e.g. lysosomal 

proteases,  20S proteasome, ubiquitin carboxyl-terminal hydrolase L1 (UCHL1) and 

immunoproteasome [24,32-41].  

Material and methods 

27 children with acute appendicitis, who were managed at the Paediatric Surgery Department of 

Medical University of Bialystok, between 2015-2016, were randomly included into the study (age 2 

years 9 months up to 14 years, mean age 9,5 + 1 years). There were 10 girls and 17 boys. 18 healthy, 

age matched subjects, admitted for planned surgeries served as controls.  Exclusion criteria were: 

severe pre-existing infections, immunological or cardiovascular diseases that required long-term 

medication, and complicated cases of appendicitis with perforation of appendix and/or peritonitis. 

All parents of our patients, gave written informed consent for both clinical and biochemical follow-

up.  

Venous blood samples (1-2ml) were drawn on the admission, 24 hours  after the appendectomy, and 

72 hours after the appendectomy. Blood samples were collected in EDTA tubes, blood plasma 

prepared according to the standard protocols and stored at -80oC. After all blood samples were 

collected and patient data recorded, the immunoproteasome, 20S proteasome and UCHL1 
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concentration was assessed using Surface Plasmon Resonance Imaging by the investigators blinded 

to the other data. 

Chip preparation  

Gold chip were manufactured as described in a previous paper [32-34].  

Antibody immobilization for UCHL-1 determination was done according to the method described by 

Gorodkiewicz et al. in their previous paper: “chips were then immersed in 20mM of cysteamine 

ethanolic solutions for 2h and, after  rinsing with ethanol and water, dried again under a stream of 

nitrogen. The specific rabbit monoclonal antibody solution in a PBS buffer (10µg/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 

vigorous stirring for 5 min at the room temperature.  3µl of this solution was placed on the active 

places with the amine-modified surface, and incubated at for 1h" [33].   

Inhibitor - PSI immobilization for proteasome determination 

PSI inhibitor (Z-Ile-Glu(OBut)-Ala-Leu-H) ) at a concentration of 80nM was activated with NHS 

(50mM) and EDC (200mM) in a carbonate buffer (pH=8.5) environment and then placed on the thiol  

(cysteamine) modified surface and incubated at 37oC  for 1h [33]. 

For receptor immobilization in the process of immunoproteasome determination we used 

commercial inhibitor ONX 0914, as described by Sankiewicz et al. [34] 

After receptor immobilization the biosensor were rinsed with water. Next, blood plasma samples (10 

x 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 remove unbound molecules from the surface” [35,36].  
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SPRI measurements were performed on self-made apparatus made, which detailed account can be 

found in previous paper [34].  

SPRI measurements for the protein biosensor array were performed as described by Sankiewicz et al. 

”the measurements were performed at a fixed angle of incident light and the reflectivity was 

simultaneously measured cross 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 (antibody or inhibitor)  and then after 

interaction with analyte. The SPRI signal, which is proportional to coupled biomolecules, was 

obtained from subtraction between the signal before and after interaction with a biomolecule” [34]. 

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.  Non-specific 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 an KCl concentration ~200 

mM) at pH 7.4” [34]. 

Blood plasma samples from healthy children admitted for planned surgeries (n=18), and from our 

patients after appendectomy (n=27), were 10-times diluted with PBS buffer. The drops of blood 

plasma were transferred onto the chip surface for 10min [34]. As described by Gorodkiewicz in 

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” [33]. Concentration was evaluated from 

the calibration curve of immunoproteasome and 20S proteasome and UCHL1 [18]. As a  control 

surfaces, the same sample solution was run over surface derivatized with non-reacting biomolecules 

to delineate the level of non-specific binding. 

Statistics 
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The Mann-Whitney U test and the Kruskal-Wallis H test with Dunn’s post hoc correction to control 

for multiple testing were used to compare differences between groups. Statistical analyses were 

calculated with the STATISTICA PL release 10.0 program. A two-tailed p<0,05 was considered 

significant. Correlations were examined by linear regression (r) using the Spearman test. 

Results 

Mean concentrations of immunoproteasome, 20S proteasome and UCHL1 in the blood plasma of 

children with appendicitis before surgery, 24 hours after, and 72 hours after the appendectomy - 

were higher than in patients from the control group. The difference was statistically significant 

(p<0,05) (FIG.1,2,3). The immunoproteasome, 20S proteasome and UCHL1 concentrations in the 

blood plasma of patients with acute appendicitis, were highest before the surgery. The baseline 

concentrations of immunoproteasome, 20S proteasome and UCHL1 in blood plasma of children with 

appendicitis before surgery, were 15-folds higher for immunoproteasome, 11-folds higher for 20S 

proteasome, and 76-folds higher for UCHL1, than levels measured in controls, the difference was 

statistically significant. The immunoproteasome, 20S proteasome and UCHL1 concentration 

measured 24 hours and 72 hours after the operation, slowly decreased over time, and still did not 

reach the normal range, when compared with the concentration measured in controls (p<0,05). 

There was no statistical difference between immunoproteasome, 20S proteasome and UCHL1 

concentrations in children operated on laparoscopically and children after classic appendectomy 

(data not shown). There was a moderate correlation between immunoproteasome and 20S 

proteasome concentrations before appendectomy, 24h and 72h after the operation (r1=0,4078, 

r2=0,5815, r3=0,3969 respectively, p<0,05)). We also found a weak correlation without statistical 

significance between immunoproteasome and UHCL1 concentrations (r1=0,0967, p>0,05) before 

appendectomy, and weak negative correlation without statistical significance between 

immunoproteasome and UHCL1 concentrations 24h and 72h after the surgery (r2=-0,2540, r3=0,1097, 
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p>0,05). We did not note any postoperative complications in our patients after appendectomy. All 

patients were discharged home on the third day after the surgery, in good general state. 

Discussion 

Immunoproteasome belongs to the family of proteasomes, and is responsible for regulation of the 

production of inflammation mediators (e.g. IL-1 and tumor necrosis factor-α), and reactive oxygen 

species, and can lead to the breaking of blood-brain barrier [21,22,42]. Compared to the constitutive 

proteasome, immunoproteasomes produce more peptides with a hydrophobic C-terminus, which are 

well suitable for the presentation on MHC class I molecules [43]. Mice deficient for any of the 

immunoproteasome subunits are protected from dextran sulphate sodium-induced colitis [1,43]. The 

immunoproteasome has also, additional immunological functions - immunoproteasome deficiency or 

inhibition affects T cell survival, expansion, and differentiation, cytokine production, and progression 

of autoimmune conditions [1,23,43]. Moreover, mutations in LMP7 and LMP2 in humans cause 

complex autoimmune and inflammatory phenotypes [39,40]. The literature about the role of the 

immunoproteasome in NF-κB activation is quite controversial [42,44-47]. The results of the latest 

study by Bitzer, clearly argue against an influence of immunoproteasomes on the canonical pathway 

of NF-kB activation [43]. Two different types of primary cells prepared from LMP 2-/-, L7M -/-, and wild 

type mice displayed no differences in the extent and kinetic of IκBα degradation when stimulated 

with LPS or TNF-α. Consistent with this finding, the amount of active NF-κB in the nucleus of 

knockout cells as well as the transactivation activity was normal [43].  

Ubiquitin C-terminal hydrolase 1 (UCHL1) is an unique enzyme, which is extremely diverse - it is able 

to function as both a ubiquitin ligase and a deubiquitinating enzyme. So UCH-L1 can obstruct the 

degradation process of the target protein. According to Wilson et el. UCHL1 “can also interact and 

stabilize cell proteins such as β catenin, and activate kinases such as CDK4 without the requirement 

for its enzymatic activity” that has both hydrolase and ligase activities [48]. According to Zhang et al. 

“UCHL1 is expressed predominantly in the brain and neuroendocrine systems, and accounts for 1-2% 

This article is protected by copyright. All rights reserved.



 

 
 

of total brain soluble proteins” [49]. Various studies proposed UCHL1 as real-time indicator of brain 

damage.  Furthermore, the neurodegenerative diseases, such as Alzheimer’s disease and Parkinson’s 

disease, are closely related do dysregulation of UCHL1. Current researches showed that UCHL1 can 

be found not only in central nervous system [50-54]. According to Wilson and also other researchers 

“UHCL1 has also been implicated in many human diseases including kidney disease and cancers” [49-

56]. The latest study by Wilson et al. show that “pharmacological inhibition of UCHL1 blocks hepatic 

stellate cells proliferation and when administered in vivo acts in a therapeutic way to block 

progression of established fibrosis despite continued liver injury” [48]. Despite many functions 

identified so far, there is no data available on the literature, on the correlation of expression of 

UCHL1 and inflammation. Therefore we wanted to determinate the UCHL1 concentration in serum of 

children with appendicitis and correlations between plasma levels of immunoproteasome, 20S 

proteasome, and UCHL1, before and after the surgery to verify if those are a part of the metabolic 

response to acute state inflammation. 

Circulating 20S proteasomes in human serum for the first time were investigated by Wada et al. [57]. 

They found a positive correlation between the level of circulating proteasome and the invasiveness 

of hematologic malignancies [57]. Other authors, among them Sixt et al. found “correlation between 

the stage of malignancy and the level of c-proteasomes in patients with metastatic malignant 

melanoma” [57-59]. According to Sixt et al. and other authors “elevated concentrations of circulating 

proteasomes were detected also in patients with different solid tumors (carcinoma of breast, 

stomach, kidney, colon, lung, testes and liver)” [57,59,60]. Furthermore elevated concentration of c-

proteasome were detected in patients after thermal injury, after trauma, with sepsis, or with liver 

disease [59, 61-63]. After abdominal surgery without complications, the concentration of 20S 

proteasome in the serum of patients was increased two-folds in comparison to values  found in the 

serum of control group [59,63]. After thoracoscopic thymectomy, a decline in the level of c-

proteasome  during the surgery and a rise in its level after the procedure was noted [64]. Contrary to 

this observation, we observed a downward trend in immunoproteasome, 20S proteasome and 
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UCHL1 concentrations in blood plasma of children after appendectomy, but the baseline 

concentrations of immunoproteasome, 20S proteasome and UCHL1 in blood plasma of children with 

appendicitis before surgery, were 15-folds higher for immunoproteasome, 11-folds higher for 20S 

proteasome, and 76-folds higher for UCHL1, than levels measured in controls. We believe that this 

discrepancy is related to acute state inflammation in our patients. Other authors observed that levels 

of c-proteasome may be elevated up to 20-fold in patients with various autoimmune diseases e.g. 

autoimmune myositis, systemic lupus erythematosus, primary Sjogren syndrome, rheumatoid 

arthritis, vasculitis, systemic scleroderma, autoimmune hepatitis [59,64]. In those cases, there was 

connection between clinical state and the level of circulating proteasome. We made the same 

observation, connected with downward trend in the levels of immunoproteasome, 20S proteasome 

and UCHL1 reflecting the clinical course of appendicitis in our patients. 

We also found that there were no differences between the levels of immunoproteasome, 20S 

proteasome and UCHL1 in children operated laparoscopically and with open technique. This opinion 

seems to be not in line with data published by Sixt et al., indicating that “cell damage and haemolysis 

are the major sources of the increased extracellular ubiquitin concentrations measured under 

various pathological conditions” [12, 66-69]. On the other hand Roth et al. concluded that because 

no significantly elevated proteasome concentrations after abdominal surgery and high levels of 

proteasome are found in patients suffering from trauma and sepsis, the cause of increased levels of 

20S proteasome is the immunological activity rather than cellular damage [64]. Furthermore in 

animal studies, inhibitors of the proteasome inhibitors prevent acute ischemic acute renal 

insufficiency, in obstructive nephropathy slow down the development of renal fibrosis, and in 

vascular renal disease prevent arterial thrombosis  [70-72]. According to our previous studies, the 

peak in the concentrations of the proteasome and UCHL1 in blood plasma of patients with thermal 

injury, its slow decrease over time, and its correlation with severity of the burn, suggest that 20S 

proteasome and UCHL1 are released from tissues damaged by burn. The observation that the 

dynamic of the immunoproteasome, 20S proteasome and UCHL1 are the same for open and 
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laparoscopic appendectomy, might suggest also that the aggression upon the abdominal wall is 

comparable for the 2 techniques (a single 3-4 cm long incision for the open technique vs 3 incisions 

of 1 cm in laparoscopic approach). Probably, the immunoproteasome concentration reflect the 

metabolic response to acute state inflammation more, than the systemic reaction to the surgical 

incisions. 

In our study we did not find correlation of immunoproteasome, 20S proteasome and UCHL1 levels 

with gender or age, which is consistent with previous observations [9-11]. 

Our observation did not fully elucidate the clinical relevance of plasma levels of 

immunoproteasomes,  20S proteasomes and UCHL1 in appendicitis in children. Also the impact of 

immunoproteasome on various immunological aspects, raise an interest in understanding its cellular 

function in autoimmunity and inflammation. Nonetheless we believe, that evaluation of plasma 

levels of immunoproteasome, 20S proteasome and UCHL1, may be helpful in the assessment of the 

efficacy of treatment, in the course of abdominal inflammatory disease. 

Conclusion 

The immunoproteasome concentration may reflect the metabolic response to acute state 

inflammation, and the process of gradual ebbing of the inflammation, thus may be helpful in the 

assessment of the efficacy of treatment. The method of operation – classic open appendectomy, or 

laparoscopic appendectomy, does not influence the general trend in immunoproteasome 

concentration in children with appendicitis. The SPR imaging biosensor is an useful diagnostic tool in 

the assessment of immunoproteasome, proteasome and  UCHL1 concentrations. 

References: 

1. Basler M, Mundt S, Bitzer A, Schmidt C, Groettrup M: The immunoproteasome: a novel drug 

target for autoimmune diseases. Clin Exp Rheumatol. 2015;33(4 Suppl 92):S74-9 

This article is protected by copyright. All rights reserved.



 

 
 

2. Niedermann G, Geier E, Lucchiari-Hartz M, Hitziger N, Ramsperger A, Eichmann K: The 

specificity of proteasomes: impact on MHC class I processing and presentation of antigens. 

Immunol Rev 1999;172:29-48.  

3. Basler M, Lauer C, Beck U, Groettrup M: The proteasome inhibitor bortezomib enhances the 

susceptibility to viral infection. J Immunol 2009;183:6145-50. 

4. Ostrowska H, Kruszewski K, Kasacka I: Immuno-proteasome subunit LMP7 is up-regulated in 

the ischemic kidney in an experimental model of renovascular hypertension. Int J Biochem 

Cell Biol 2006;38(10):1778-85. 

5. Ciechanover A: The ubiquitin-proteasome pathway: on protein death and cell life. EMBO 

Journal 1998;17:7151–7160 

6. Majetschak M, Perez M, Sorell LT, Lam J, Maldonado ME, Hoffman RW: Circulating 20S 

proteasome levels in patients with mixed connective tissue disease and systemic lupus 

erythematosus. Clin Vaccine Immunol 2008;15:1489–1493 

7. Henry L, Lavabre-Bertrand T, Douche T, Uttenweiler-Joseph S, Fabbro-Peray P, Monsarrat B 

et al.: Diagnostic value and prognostic significance of plasmatic proteasome level in patients 

with melanoma. Exp Dermatol 2010;19:1054–1059 

8. Jakob C, Egerer K, Liebisch P, Türkmen S, Zavrski I, Kuckelkorn U et al.: Circulating 

proteasome levels are an independent prognostic factor for survival in multiple myeloma. 

Blood 2007;109:2100–2105 

9. Matuszczak E, Tylicka M, Debek W, Hermanowicz A, Ostrowska H: The comparison of C-

proteasome activity in the plasma of children after burn injury, mild head injury and blunt 

abdominal trauma. Adv Med Sci 2015;60(2):253-8 

10. Tylicka M, Matuszczak E, Dębek W, Hermanowicz A, Ostrowska H: Circulating proteasome 

activity following mild head injury in children. Childs Nerv Syst 2014;30(7):1191-6 

This article is protected by copyright. All rights reserved.



 

 
 

11. Matuszczak E, Tylicka M, Dębek W, Hermanowicz A, Ostrowska H: Correlation between 

circulating proteasome activity, total protein and c-reactive protein levels following burn in 

children. Burns 2014;40(5):842-7 

12. Sixt SU, Dahlmann B: Extracellular, circulating proteasomes and ubiquitin—incidence and 

relevance. Biochim Biophys Acta 2008;1782:817–823 

13. Dieudé M, Bell C, Turgeon J, Beillevaire D, Pomerleau L, Yang B et al.: The 20S proteasome 

core, active within apoptotic exosome-like vesicles, induces autoantibody production and 

accelerates rejection. Sci Transl Med 2015;7(318):318 

14. Ito WD, Lund N, Zhang Z, Buck F, Lellek H, Horst A, Machens HG, Schunkert H, Schaper W, 

Meinertz T: Activation of Cell Surface Bound 20S Proteasome Inhibits Vascular Cell Growth 

and Arteriogenesis. Biomed Res Int 2015;2015:719316 

15. Kimura H, Usui F, Karasawa T, Kawashima A, Shirasuna K, Inoue Y, Komada T, Kobayashi M, 

Mizushina Y, Kasahara T, Suzuki K, Iwasaki Y, Yada T, Caturegli P, Takahashi M. 

Immunoproteasome subunit LMP7 Deficiency Improves Obesity and Metabolic Disorders. Sci 

Rep. 2015;5:15883 

16. Kloetzel PM, Ossendorp F: Proteasome and peptidase function in MHC-class I-mediated 

antigen presentation., Current Opinion in Immunology 2004;16:76–81. 

17. Noda C, Tanahashi N, Shimbara N, Hendil KB, Tanaka K: Tissue distribution of constitutive 

proteasomes, immunoproteasomes and PA28 in rats. Biochemical and Biophysics Research 

Communications  2000;277:348–354. 

18. Kimura HJ, Chen CY, Tzou SC, Rocchi R, Landek-Salgado MA, Suzuki K, Kimura M, Rose NR, 

Caturegli P: Immunoproteasome overexpression underlies the pathogenesis of thyroid 

oncocytes and primary hypothyroidism: studies in humans and mice. PloS One 2009;4, 

e7857, doi: 10.1371/journal.pone.0007857. 

This article is protected by copyright. All rights reserved.



 

 
 

19. Khan S, Broek M, Schwartz K, Giuli R, Diener PA, Groettrup M: Immunoproteasomes largely 

replace constitutive proteasomes during an antiviral and antibacterial immune responses in 

the liver. Journal of Immunology  2001;167:6859–6868. 

20. Nelson JE, Loukissa A, Altschuller-Felberg C, Monaco JJ, Fallon JT, Cardozo C: Up-regulation of 

the proteasome subunit LMP7 in tissues of endotoxemic rats. Journal of Laboratory and 

Clinical Medicine 2000;135,324–331. 

21. Muchamuel T, Basler M, Aujay MA, Suzuki E, Kalim KW, Lauer C, Sylvain C, Ring ER, Shields J, 

Jiang J, Shwonek P, Parlati F, Demo SD, Bennett MK, Kirk CJ, Groettrup M: A selective 

inhibitor of the immunoproteasome subunit LMP7 blocks cytokine production and 

attenuates progression of experimental arthritis. Nature medicine 2009;15:781–787 

22. Basler M, Dajee M, Moll C, Groettrup M, Kirk CJ: Prevention of experimental colitis by a 

selective inhibitor of the immunoproteasome. J Immunol 2010;185:634–641 

23. Basler M, Mundt S, Muchamuel T, Moll C, Jiang J, Groettrup M, Kirk CJ: Inhibition of the 

immunoproteasome ameliorates experimental autoimmune encephalomyelitis. EMBO 

molecular medicine 2014;6:226–238 

24. Niewerth D, Franke NE, Jansen G, Assaraf YG, van Meerloo J, Kirk JC, Degenhardt J, Anderl J, 

Schimmer AD, Zweegman S, de Haas V, Horton TM, Kaspers GJL, Cloos J: Higher ratio immune 

vs. constitutive proteasome level as novel indicator of sensitivity of  pediatric acute leukemia 

cells to proteasome inhibitors, Haematologica 2013;98:1896-904 

25. Roccaro AM, Sacco A, Aujay M, Ngo HT, Azab AK, Azab F, Quang P, Maiso P, Runnels J, 

Anderson KC, Demo S, Ghobrial IM: Selective inhibition of chymotrypsin-like activity of the 

immunoproteasome and constitutive proteasome in Waldenstrom macroglobulinemia. Blood  

2010;115:4051-4060 

26. Orre M, Kamphuis W, Dooves S, Kooijman L, Chan ET, Kirk CJ, Dimayuga V Smith, Koot S , 

Mamber C, Jansen AH, Ovaa H, Hol EM: Reactive glia show increased immunoproteasome 

activity in Alzheimer's disease. Brain  2013;136:1415-1431 

This article is protected by copyright. All rights reserved.



 

 
 

27. Vasuri F, Capizzi E, Bellavista E, Mishto M, Santoro A, Fiorentino M, Capri M, Cescon M, Grazi 

GL, Grigioni WF, D'Errico-Grigioni A, Franceschi C: Studies on immunoproteasome in human 

liver. Part I: absence in fetuses, presence in normal subjects, and increased levels in chronic 

active hepatitis and cirrhosis. Biochem Biophys Res Commun 2010;397:301-306 

28. Oh KI, Seo JN: Expression pattern of immunoproteasome subunits in human thymus. Immune 

Netw  2009;9:285-288  

29. Eleftheriadis T, Pissas G, Antoniadi G, Liakopoulos V, Stefanidis I: Proteasome or 

immunoproteasome inhibitors cause apoptosis in human renal tubular epithelial cells under 

normoxic and hypoxic conditions. Int. Urol. Nephrol 2016;48: 907-915 

30. Steiner G: Surface plasmon resonance imaging. Anal Bioanal Chem 2004;379:328-331 

31. Helmerhorst E, Chandler DJ, Nussio M, Mamotte CD: Real-time and label-free bio-sensing of 

molecular interaction by Surface Plasmon Resonance: a laboratory Medicine perspective. Clin 

Biochem Rev 2012;33: 161-173 

32. Sankiewicz A, Laudanski P, Romanowicz L, Hermanowicz A, Roszkowska-Jakimiec W, Debek 

W, Gorodkiewicz E: Development of surface plasmon resonance imaging biosensors for 

detection of ubiquitin carboxyl-terminal hydrolase L1 . Anal Biochem 2015;469: 4-11 

33. Gorodkiewicz E, Ostrowska H, Sankiewicz A: SPR imaging biosensor for the 20S proteasome: 

sensor development and application to measurement of proteasomes in human blood 

plasma . Microchim Acta  2011;175:177-184 

34. Sankiewicz A, Markowska A, Lukaszewski Z, Puzan B, Gorodkiewicz E: Methods for 20S 

Immunoproteasome and 20S Constitutive Proteasome Determination Based on SPRI 

Biosensors. Cel Mol Bioeng 2017;10: 174 

35. Laudanski, P, Gorodkiewicz E, Ramotowska B, Charkiewicz R, Kuzmicki M, Szamatowicz J:  

Determination of cathepsins B, D and G concentration in eutopic proliferative endometrium 

of women with endometriosis by the surface plasmon resonance imaging (SPRI) technique. 

Eur J Obstetr Gynecol Reprod Biol 2013;169:80-83 

This article is protected by copyright. All rights reserved.



 

 
 

36. Gorodkiewicz, E, Guszcz T, Roszkowska-Jakimiec W, Kozlowski R: Cathepsin D serum and 

urine concentration in superficial and invasive transitional bladder cancer as determined by 

surface plasmon resonance imaging. Oncol Lett 2014;8: 1323-1327 

37. Sankiewicz A, Guszcz T, Mena-Hortelano R, Zukowski K, Gorodkiewicz E: Podoplanin serum 

and urine concentration in transitional bladder cancer. Cancer Biomark 2016;30:343-350, 

2016. 

38. Matuszczak E, Tylicka M, Dębek W, Tokarzewicz A, Gorodkiewicz E, Hermanowicz A. 

Concentration of UHCL1 in the Serum of Children with Acute Appendicitis, Before and After 

Surgery, and Its Correlation with CRP and Prealbumin. J Invest Surg. 2017 Feb 27:1-6 

39. Matuszczak E, Tylicka M, Dębek W, Sankiewicz A, Gorodkiewicz E, Hermanowicz A. 

Overexpression of ubiquitin carboxyl-terminal hydrolase L1 (UCHL1) in serum of children 

after thermal injury. Adv Med Sci. 2017 Mar;62(1):83-86 

40. Matuszczak E, Tylicka M, Hermanowicz A, Debek W, Sankiewicz A, Gorodkiewicz E. 

Application of SPR Imaging Biosensor for the Measurement of 20S Proteasomes in Blood 

Plasma of Children with Thermal Injury. Ann Clin Lab Sci. 2016 Jul;46(4):407-11 

41. Anna Tokarzewicz, Lech Romanowicz, Iosif Sveklo, Ewa Matuszczak, Adam Hermanowicz, Ewa 

Gorodkiewicz: SPRI biosensors for quantitative determination of matrix metalloproteinase-2. 

Analytical Methods 2017;9:2407-2414 

42. Chen X, Wang Y, Fu M, Lei H, Cheng Q, Zhang X: Plasma Immunoproteasome Predicts Early 

Hemorrhagic Transformation in Acute Ischemic Stroke Patients. J Stroke Cerebrovasc Dis 

2017;26(1):49-56 

43. Bitzer A, Basler M, Krappmann D, Groettrup M: Immunoproteasome subunit deficiency has 

no influence on the canonical pathway of NF-κB activation. Mol Immunol 2017;83:147-153 

44. Brehm A, Kruger E: Dysfunction in protein clearance by the proteasome:impact on 

autoinflammatory diseases. Semin Immunopathol 2015;37,323–333. 

This article is protected by copyright. All rights reserved.



 

 
 

45. Hayashi T, Faustman D: Essential role of human leukocyte antigen-encodedproteasome 

subunits in NF-kappaB activation and prevention of tumornecrosis factor-alpha-induced 

apoptosis. J Biol Chem 2000;275:5238–5247. 

46. Kessler BM, Lennon-Dumenil AM, Shinohara ML, Lipes MA, Ploegh, HL: LMP2 expression and 

proteasome activity in NOD mice. Nat. Med. 2000;6:1064. 

47. Runnels HA, Watkins WA, Monaco JJ: LMP2 expression and proteasome activity in NOD mice. 

Nat Med 2000;6:1064–1065. 

48. Wilson CL, Murphy LB, Leslie J, Kendrick S, French J, Fox CR et al.: Ubiquitin C-terminal 

hydrolase 1: A novel functional marker for liver myofibroblasts and a therapeutic target in 

chronic liver disease. J Hepatol 2015;63(6):1421-8 

49. Zhang M, Cai F, Zhang S, Zhang S, Song W: Overexpression of ubiquitin carboxyl-terminal 

hydrolase L1 (UCHL1) delays Alzheimer's progression in vivo. Sci Rep. 2014;4:7298 

50. Bheda A, Yue W, Gullapalli A, Whitehurst C, Liu R, Pagano JS et al.: Positive reciprocal 

regulation of ubiquitin C-terminal hydrolase L1 and beta-catenin/TCF signaling.  PLoS One 

2009;4:5955 

51.  Read NC, Gutsol A,  Holterman CE, Carter A,  Coulombe J, Gray DA et al.: Ubiquitin C-terminal 

hydrolase L1 deletion ameliorates glomerular injury in mice with ACTN4-associated focal 

segmental glomerulosclerosis. Biochim Biophys Acta 2014;1842:1028–1040 

52. Day IN, Thompson RJ: UCHL1 (PGP 9.5): neuronal biomarker and ubiquitin system protein. 

Prog Neurobiol 2010;90:327–362 

53. Goto Y, Zeng L, Yeom CJ, Zhu Y, Morinibu A, Shinomiya K et al.: UCHL1 provides diagnostic 

and antimetastatic strategies due to its deubiquitinating effect on HIF-1α. Nat Commun. 

2015;6:6153 

54. Jang M J, Baek SH, Kim JH:  UCH-L1 promotes cancer metastasis in prostate cancer cells 

through EMT induction. Cancer Lett 2011;302:128–135 

This article is protected by copyright. All rights reserved.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25466238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25466238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25466238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25466238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25466238
https://www.ncbi.nlm.nih.gov/pubmed/?term=zhang+mingming+overexpression+of+ubiquitin


 

 
 

55. Yu J, Tao Q, Cheung KF, Jin H, Poon FF, Wang X, et al. Epigenetic identification of Ubiquitin 

carboxyl-terminal hydrolase L1 as a functional tumor suppressor and biomarker for 

hepatocellular car-cinoma and other digestive tumors. Hepatology. 2008;48(2):508–18 

56. Gu YY, Yang M, Zhao M, Luo Q, Yang L, Peng H et al.: The de-ubiquitinase UCHL1 promotes 

gastric cancer metastasis via the Akt and Erk1/2 pathways. Tumour Biol 2015;36(11):8379-87 

57. Wada M, Kosaka M, Saito S, Sano T, Tanaka K, Ichihara A: Serum concentration and 

localization in tumor cells of proteasomes in patients with hematologic malignancy and their 

pathophysiologic significance. J Lab Clin Med 1993;121:215–223. 

58. Glickman MH, Ciechanover A: The ubiquitin–proteasome proteolytic pathway: destruction 

for the sake of construction. Physiol Rev 2002;82:373–428. 

59. Sixt SU, Dahlmann B: Extracellular, circulating proteasomes and ubiquitin - incidence and 

relevance. Biochim Biophys Acta 2008 Dec1782(12):817-23 

60. Lavabre-Bertrand T, Henry L, Carillo S, Guiraud I, Ouali A, Dutaud D, Aubry L, Rossi JF, Bureau 

P: Plasma proteasome level is a potential marker in patients with solid tumors and 

hemopoietic malignancies. Cancer 2001;92:2493–2500. 

61. Wong BR, Parlati F, Qu K, Demo S, Pray T, Huang J, Payan DG, Bennett MK: Drug discovery in 

the ubiquitin regulatory pathway. Drug Discov Today 2003;8:746–754. 

62. Golab J, Bauer TM, Daniel V, Naujokat C: Role of the ubiquitin–proteasome pathway in the 

diagnosis of human diseases, Clin Chim Acta 2004;340:27–40. 

63. Harris JR: Release of a macromolecular protein component from human erythrocyte ghosts. 

Biochim Biophys Acta 1968;150:534–537. 

64. Roth GA, Moser B, Krenn C, Roth-Walter F, Hetz H, Richter S, Brunner M, Jensen-Jarolim E, 

Wolner E, Hoetzenecker K, Boltz-Nitulescu G, Ankersmit HJ: Heightened levels of circulating 

20S proteasome in critically ill patients. Eur J Clin Invest 2005;35:399–403 

This article is protected by copyright. All rights reserved.



 

 
 

65. Egerer K, Kuckelkorn U, Rudolph PE, Ruckert JC, Dorner T, Burmester GR, Kloetzel PM, Feist E: 

Circulating proteasomes are markers of cell damage and immunologic activity in 

autoimmune diseases. J Rheumatol 2002;29:2045–2052. 

66. Majetschak M, Cohn SM, Nelson JA, Burton EH, Obertacke U, Proctor KG: Effects of 

exogenous ubiquitin in lethal endotoxemia, Surgery 2004;135:536–543. 

67. Majetschak M, Cohn SM, Obertacke U,  Proctor KG: Therapeutic potential of exogenous 

ubiquitin during resuscitation from severe trauma. J Trauma 2004;56:991–999 

68. Kurimura M, Shirai H, Takada K, Manaka H, Kato T: An increase in cerebrospinal fluid 

ubiquitin in human global brain ischemia—a prognostic marker for anoxic–ischemic 

encephalopathy. Rinsho Shinkeigaku 1997;37:963–968. 

69. Griebenow M, Casalis P, Woiciechowsky C, Majetschak M, Thomale UW: Ubiquitin reduces 

contusion volume after controlled cortical impact injury in rats. J Neurotrauma 

2007;24:1529–1535. 

70. Ostrowska JK, Wojtukiewicz MZ, Chabielska E, Buczko W, Ostrowska H: Proteasome inhibitor 

prevents experimental arterial thrombosis in renovascular hypertensive rats. Thrombosis and 

Haemostasis 2004;92:171–177. 

71. Takaoka M, Ohkita M, Matsumura Y: Pathophysiological role of proteasome-dependent 

proteolytic pathway in endothelin-1-related cardiovascular diseases. Current Vascular 

Pharmacology 2003;1:19–26. 

72. Tashiro K, Tamada S, Kuwabara N, Komiya T, Takekida K, Asai T, et al.: Attenuation of renal 

fibrosis by proteasome inhibition in rat obstructive nephropathy: possible role of nuclear 

factor B. International Journal of Molecular Medicine 2003;12:587–592. 

Fig.1 Concentrations of immunoproteasome in the blood plasma of children with appendicitis g1-

before surgery, g2 -24 hours after, and g3 - 72 hours after the appendectomy, ctrl – control group 
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Fig. 2 Concentrations of 20S proteasome in the blood plasma of children with appendicitis g1 - before 

surgery, g2 - 24 hours after, and g3 - 72 hours after the appendectomy, ctrl – control group 

Fig.3 Concentrations of UCHL1 in the blood plasma of children with appendicitis g1 - before surgery, 

g2 - 24 hours after, and g3 - 72 hours after the appendectomy, ctrl – control group 
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