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Abstract: Tripeptidyl peptidase II is the largest known protease complex in eukaryotic cells acting primarily downstream of 
the ubiquitin-proteasome system (UPS), and digest peptides generated by the proteasome. However, TPPII can replace the pro-
teasome function by working parallel to proteasome, and is recruited into aggresomes upon proteasome inhibition. Proteasome 
inhibitors are used as drugs in hematological malignances. Also TPPII inhibitor shows anti-leukemic activity in vitro.
Thus we decided to test whether comorbid inhibition of TPPII and proteasome inhibitors can increase their cytotoxic effect 
against U937 leukemia cells. We used AAF-cmk as TPPII inhibitor and PSI as proteasome inhibitor.
We show that AAF-cmk effectively inhibit TPP II in U397 but do not affect main proteasome activities. AAF-cmk did not 
induce accumulation of proteasome substrates in cells. Both TPPII inhibitor AAF-cmk and PSI reduced U937 cell viability, 
but without synergistic effect. AAF-cmk augments cytostatic effect of TRAIL, but do not enhance comorbid action with PSI 
against U937 cells.
Thus, in this study we have confirmed anti-leukemic action of TPPII inhibitor AAF-cmk against U937 cells in vitro but we did 
not observed augmented effect of comorbid TPPII and proteasome inhibitors on U937 cells viability. Therefore, our results 
suggest that in U937 cell TPPII more likely works downstream to proteasome in the same protein degradation pathway in 
U937. However to answer the question if TPPII works more subsequent or more parallel to proteasome a complex biochemical 
research is needed.

1. Introduction

Leukemias are neoplastic diseases of the white 
blood cell that manifest themselves by presence of 
leukemic clones in the bone marrow, in the blo-
od, and in the internal organs – that originate in 
the early stages of hematopoesis (Kierszenbaum, 
Tres 2015) The pathogenesis of leukemia is still 
not fully understood, and its basic elements can be 
considered together with other cancerous diseases 
at the current state of knowledge. Leukemic trans-
formation can be the result of both maturation er-
rors or deregulation of cell division as well as the 
effect of impaired apoptosis (Kierszenbaum, Tres 
2015). Increased expression of genes that inhibit 
apoptosis, such as, for example, proteins from the 
c-myc or bcl-2 family, or a weakening of the sys-
tem of regulators and apoptosis-inducing factors 
such as the Fas-FasL system has been observed in 
many leukemic cells and other cancers (Cui, Wang 
et al. 2009; Kanno, Maeda et al. 2012; Karawajew, 
Wuchter et al. 1997; Kierszenbaum, Tres 2015; 
Peterson, Mitrikeska et al. 2011).

In 2019, 22,840 people are expected to die from 
leukemia (13,150 males and 9,690 females) (Al-
-Asadi, Ibrahim 2018; Howlader N). From 2011 to 
2015, leukemia was the sixth most common cause 
of cancer deaths in both men and women in the 
US (Al-Asadi, Ibrahim 2018; Howlader N). The 
incidence of deaths for various leukemia is abo-
ut 8.2/100,000 (Howlader N). Some authors point 

that leukemia consist 3.5% of all new cancer cases 
in the USA and 3.8% of cancer death (Howlader 
N 2019). 

Leukemia treatment is long-term and burdening 
the patient’s body and the prognosis, especially in 
old age and with adverse cytogenetic changes, is 
uncertain. Especially acute myeloid leukemia in 
adults, according to recent data, has the lowest 
survival (Howlader N). Especially in this type of 
leukemia, there is a great demand for new treat-
ment strategies supporting existing therapy regi-
mens (Norgaard, Friis et al. 2019; Redaelli, Lee 
et al. 2003).

Knowing cell physiology and signal transduction 
pathways, therapies are sought that are effective, 
non-toxic, and by acting on several elements of 
this pathway simultaneously, reduce the resistance 
of leukemic cells against chemotherapy (Norga-
ard, Friis et al. 2019; Ohno, Asou et al. 2003).

Proteins, in addition to lipids and carbohydrates, 
are the main building blocks of living organisms 
and their proper metabolism, i.e. synthesis from 
amino acids and proteolysis to peptides and ami-
no acids, condition functioning of any cell. In all 
cell compartments, proteolysis occurs constantly, 
serving many tasks – from removing some ami-
no acid sequences from proteins to complete hy-
drolysis of polypeptide chains. The degradation of 
protein molecules determines such important cell 
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functions as modulating the activity and amount 
of key enzymes and regulatory proteins, remo-
ving abnormal molecules that arise as a result of 
biosynthesis errors or post-synthetic damage, as 
well as the construction of multi-component com-
plexes, e.g. ribosomes, mitochondria or multi-su-
bunit proteins (Alberts 2015).

Cytoplasmic protein degradation depend on pro-
teasome-ubiquitin pathway (UPS) (Alberts 2015). 
UPS is composed of ubiquitin conjugation machi-
nery and the proteasome that is a proteolytic com-
plex degrading proteins into oligopeptides (Hersh-
ko, Ciechanover 1998).

 Proteasome inhibitors were shown to be effecti-
ve against various cancer cell types in preclinical 
studies (Nowis, McConnell et al. 2007; Szokalska, 
Makowski et al. 2009) and they are used in the tre-
atment of multiple myeloma and mantle cell lym-
phoma (Teicher, Tomaszewski 2015). Proteasome 
inhibitors induce accumulation of undigested pro-
teins in aggregates termed aggresomes (Johnston, 
Ward et al. 1998; Wojcik 1997a, 1997b; Wojcik, 
Schroeter et al. 1996). Formation of aggresome is 
postulated as one possible mechanism of cancer 
cell death induction by proteasome inhibitors and 
recently, is was shown that TPPII is also recru-
ited into aggresomes upon proteasome inhibition 
(Bialy, Kuckelkorn et al. 2019).

Tripeptidyl peptidase II (TPPII) is the largest 
known protease complex in eukaryotic cells 
(6MDa) (Rockel, Peters et al. 2005; Tomkinson 
2019). TPPII acts primarily downstream of the 
ubiquitin-proteasome system (UPS), and digest 
peptides generated by the proteasome (Tomkinson 
1999, 2019) TPPII is involved in several cellular 
processes, however, its exactly function in cells is 
enigmatic (Mlynarczuk-Bialy 2008). Moreover, 
TPPII is postulated to substitute for some func-
tions of the proteasome (Geier, Pfeifer et al. 1999). 
TPPII was shown to assist the UPS in degrada-
tion of proteins especially of polypeptides, diffe-
rent studies show that when the UPS is impaired 
TPPII overtakes its function (Bialy, Kuckelkorn 
et al. 2019; Bury, Mlynarczuk et al. 2001; Guil, 
Rodriguez-Castro et al. 2006; Mlynarczuk-Bialy 
2008; Zhang, Wong et al. 2011). Moreover, TPPII 
inhibitor AAF-cmk was shown to display anti-le-
ukemic activity against U937 cells in vitro (Bialy, 
Fayet et al. 2018; Mlnarczuk, Mroz et al. 2004; 
Pleban, Bury et al. 2001).

Taking into account that TPP II can work not 
only not only downstream to proeasome but also 
replace the proteasome function by working pa-
rallel to proteasome, and is recruited into aggre-
somes upon proteasome inhibition, we decided 
to test whether comorbid inhibition of these both 
intracellular proteoltic systems can incerase their 
cytotoxic effect against U937 leukemia cells. 

2. Materials and methods

2.1. Chemicals
PSI (Calbiochem-Novabiochem, Nottingham, En-

gland) was dissolved in DMSO and stored as a 5 mM 
solution. As a control factor for PSI, a calpain inhi-
bitor: ZLL (Z-leu-leucinal) (Calbiochem-Novabio-
chem, Nottingham, England) was used which was 
also dissolved in DMSO as a 5 mM solution. AAF-
-cmk and AAF-amc (Sigma, St. Louis, MO, USA) 
were dissolved in DMSO and stored as a 10 mM solu-
tion. All substances were stored at -200C prior to use.

Recombinant human LZ-TRAIL, later referred 
to as TRAIL, was provided by Immunex Corpo-

ration, Seatle, WA, USA. The stock solution was 
prepared according to the manufacturer’s instruc-
tions at a concentration of 100 μg/ml and stored 
at -700C. Recombinant human rhTNF, later called 
TNF, was provided by Dr. Wojciech Stec (Depart-
ment of Bioorganic Chemistry, Center for Mole-
cular and Macromolecular Research of the Polish 
Academy of Sciences, Łódź, Poland). TNF was 
stored at -200C at a concentration of 200 μg/ml. 
TNF activity was 4.3 ± 1.1 x 107.

2.2. Cell culture
U937 cell line (human promonocytic leukemia) 

ATCC was used in the experiments (Mlnarczuk, 
Mroz et al. 2004; Pleban, Bury et al. 2001). 

Cells were cultured in a Heraeus incubator at 
37°C, 100% humidity and 4.5% CO2 saturation, in 
RPMI 1640 medium (Gibco BRL, UK) with the ad-

dition of 2-mercaptoethanol (50 µM), L-glutamine 
(2 mM), and 10% calf serum a standard mixture of 
antibiotics (amphotericin with penicillin) (all sub-
stances from Gibco BRL) in plastic bottles with 
a bottom area of 25 cm2 (Nunc, Denmark). Cells 
were passaged every 3-4 days in a 1:5 ratio.

2.3. Viability assay
Cells in the exponential growth phase were ta-

ken from culture bottles, washed in RPMI-1640 
and resuspended in culture medium at 5 x 104 cel-

ls/ml. Subsequently, 5 x 103 cell aliquots suspen-
ded in 100 µL of culture medium were added to 
the wells of a 96-well plate (Corning, NY, USA) 



Review and Research on Cancer Treatment
Volume 5, Issue 1 (2019) ISSN 2544-2147

17

followed by addition of inhibitors. The final volu-
me in each well was 200 µl.

After 48-hour incubation for PSI and/or AAF-
-cmk (370C, 5% CO2) an MTT test was performed 
(Bialy, Fayet et al. 2018). Each group was in qu-
adruplicates.

To perform the MTT test, 25 µL (concentration 
2.5 mg/mL) of 3 – (45-dimethylthiazol-2-yl) – di-
feyl-tetrazole bromide (MTT) (Sigma-Aldrich) 
was added to each well. After a 4-hour incubation 
with MTT, the cell plates were centrifuged for 300 
minutes for 300 g. Then 200 μl of supernatant was 
removed from each well and 200 μl of isopropyl 

alcohol solution with 0.1 N HCl was added (mixed 
in a 25:1 volume ratio). After 15 minutes, the well 
contents were thoroughly mixed to completely 
dissolve the formazan crystals. A colorimetric ab-
sorption reading was then performed (using a 540 
nM filter) using a Spectra II reader (SLT-Labin-
strument GmbH, Salzburg, Austria).

The cytostatic/cytotoxic effect of the inhibitors 
tested was presented as relative viability (% con-
trol) and was calculated according to the formula:

Relative viability = (Well read – Background 
read) ÷ (Control read – Background read) x 100%

2.4. Western blott
Cells were harvested, centrifuged, washed with 

PBS, and then the dry pellet was lysed in lysis buf-
fer containing 50 mM Tris-HCl, 5 mM MgCl2, 1 
mM EDTA, 0.5% Triton X-100 and protease inhi-
bitors (PMSF 1 mM, Aprotinin 6 μg / ml, Pepstatin 
1 μg / ml, Leupeptin 5 μg / ml) by freezing three ti-
mes in liquid nitrogen and thawing and mixing the 
sample. After cell dissolution and centrifugation 
of the insoluble fraction, protein concentration 
was determined by conjugation with bicinchono-
nic acid (BCA Protein Assay) (Pierce Inc., Ilfold, 
IL, USA), according to manufacturer instructions. 
The absorbance value was read in a Spectra II pla-
te reader (SLT GmbH, Salzburg, Austria) at 550 
nm. The protein concentration in the solutions was 
calculated by comparing with the curve obtained 
after measuring the absorbance of ten known BSA 
dilutions. Appropriate amount of protein (2.5 mg/
ml) was mixed with sample buffer containing: 
40% glycerol, 10% SDS, 0.25M Tris-HCl pH 6.8; 
0.2% bromophenol blue solution and 20% β-mer-
captoethanol. After 5 min incubation of each sam-
ple in 96°C, samples were placed on precasted 
polyacrylamide gel.

Electrophoresis was performed using a Mini 
Protean 3 (Bio-Rad, Hercules, CA) vertical appa-
ratus at an initial voltage of 60 V for 15 minutes, 
then 100 V was applied for 1.5 hours from the 

Power 200 apparatus (Bio-Rad). The gel was the-
reafter subjected to a semi-dry transfer. The Mil-
liBlot graphite electroblotter (Millipore, Berofd, 
MA) was used for this purpose. On the anode, 
filter paper soaked in anode buffer I (0.3 M Tris, 
20% methanol v / v, pH 10.4) was applied, a layer 
of filter paper soaked in anode buffer II (25mM 
Tris, 20% methanol, pH 10.4), gel, Immobilin-
-P transfer membrane (Millipore, Beford, MA) 
soaked in methanol and paper soaked in cathode 
buffer (40 mM 6-aminocaproic acid, 0.01% SDS 
and 20% v / v methanol, pH 9.4). After installa-
tion, semi dry transfer was performed at 15 V and 
0.45 A. After the transfer, the membrane was bloc-
ked overnight in a solution of 10% FCS, 3% BSA 
and 0 , 2% Tween-20 in TBS, at 40C. The next 
day, the membrane was washed 4x for 10 minutes 
in TBST (TBS with 0.2% Tween-20) and then in-
cubated for 2 hours in a solution of the appropriate 
antibody (1: 500-1: 1000) in TBST with 1% BSA 
and 0.01% thiomerosal. Thereafter the membrane 
was washed 4 times for 10 minutes in TBST. The 
reaction was then developed using a ready alkali-
ne phosphatase (Sigma-Aldrich) development kit. 
The color reaction was stopped by rinsing in di-
stilled water, after which the membrane was dried 
and scanned.

2.5. Measurement of proteasome and TPP II activity by hydrolysis 
of fluorogenic substrates:

After incubation with appropriate inhibitors the 
activity of the proteasome and TPP II in cell lysa-
tes as well as using the purified proteasome was 
tested. Substrates of enzymatic activities specific 
for the given peptidases were used. They give flu-
orogenic products which, when excited with the 
right length, emit fluorescent light whose intensi-
ty is directly proportional to the initial enzymatic 
activity.

Substrates for activity assay:
• Suc-LeuLeuValThyr-amc – chymotrypsin-like 

activity (ChTL) of proteasome

• Z-GlyGlyLeu-amc – chymotrypsin-like activi-
ty (ChTL) of proteasome

• Val-Gly-Arg-amc – trypsin-like activity (TL) 
of proteasome

• z-LeuLeuGlu-βNA – PGPH activity of proteasome
• AAF-amc – TPP II activity
The substrates for enzymatic activities listed 

above were dissolved in dimethylformamide 
(Sigma-Aldrich) at a concentration of 20 mM. The 
test was performed on a black 96-well plate (Gre-
iner, Schwarz, Germany). To each well, 100 ng 
of purified proteasome (Institut for Biochemistry, 
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Charite Medical School, Berlin, Germany) or cell 
lysate was added in a volume of 10 μl and made 
up to 100 μl with a solution of the substrate of 
the enzymatic activity tested. The concentration of 
fluorogenic substrate for the purified proteasome 
preparation was 10 μM, for the cell lysate it was 
higher due to the lower content of the proteaso-
me and was 20-50 μM. After 30 minutes of incu-

bation at 370C, the value of excited fluorescence, 
which was generated as a result of the enzyma-
tic reaction, was measured using a Fluostar Re-
ader fluorometer (SLT, Germany) at an excitation 
wavelength of 390 nM (AMC) or 355 nM (βNA) 
and an emission wave of 460 nM for AMC or 405 
nM for βNA. The results were analyzed using the 
Easy software program (SLT, Germany).

3. Results and disscusion

3.1. AAF-cmk effectively inhibit TPP II in U397
U937 cells were incubated with AAF-cmk at 10 

and 20 μM for 24 hours and TPP II activity was 
determined by fluorogenic substrate methods as 
AAF-amc hydrolyzing activity in cell lysates.

As shown in Fig.1 incubation with AAF-cmk cau-
sed a significant reduction of AAF-amc hydrolyzing 
activity in both used concentrations (40% for 20µM 
and 18% for 40µM remaining TPPII activity).

Figure 1. TPP II activity in U937 cells 
Cells were incubated with AAF-cmk in given concentrations for 24h, subsequently lysed 
and TPP II activity was measured using AAF-amc fluorogenic substrate in cell lysates.

Bars represent mean values ± standard deviation, asterisks indicate groups statistically significantly 
different from the control p < 0.05 (student’s t test) 

3.2. AAF-cmk do not affect main proteasome activities
Du to the fact that AAF-cmk has also been 

shown to slightly chymotrypsin-like activity of 
the proteasome without affecting its other acti-
vities [Bury Folia] we tested weather AAF-cmk 
affects three main activities of purified protasome. 
Thus to exclude unspecific proteasome inhibition 
by AAF-cmk the purified 20S proteasome was in-
cubated with AAF-cmk and proteasome activity 
was measured using flourescent substrates.

As shown in Fig. 2 there was no significant inhi-
bition of two main proteasome activities: chymo-

trypsin-like (Fig. 2A and B) or trypsin-like pro-
teasome activity (Fig. 2C) using appropriate two 
various substrates. However, AAF-cmk inhibition 
resulted in a dose-dependent decrease in PGPH 
hydrolyzing activity starting form 10μM for 1h 
incubation and 1μM for 24h (Fig. 2D). Neverthe-
less, this activity is not essential for cell survival 
and inhibition of only one activity is not sufficient 
to prevent protein degradation (Kisselev, Callard 
et al. 2006).



Review and Research on Cancer Treatment
Volume 5, Issue 1 (2019) ISSN 2544-2147

19

Figure 2. The effect of AAF-cmk on purified proteasome main activities
A and B: chymotrypsin-like activity (ChTL); C: Trypsin-like (TL); D: 

Postglutamyl-hydrolyzing (PGPH) proteasome activities.
Purified 20S proteasome was incubated with AAF-cmk in given concentrations and times 

and subsequently the activities were measured using Suc-Leu-Leu-Val-Tyr-AMC (A) and zGly-Gly-Leu-AMC (B) 
for ChTL; Val-Gly-Arg-AMC (C) for TL; zLeu-Leu-Glu-βNA (D) for PGPH

Bars represent mean values ± standard deviation, asterisks indicate groups statistically 
significantly different from the control p < 0.05 (student’s t test)

3.3. AAF-cmk do not induce accumulation of proteasome substrates in cells

To analyze the effect of AAF-cmk on proteaso-
me function in vivo we have done Western-blott 
analysis for ubiquitinated proteins as proteasome 
substrates in lysates made from U937 cells incu-

bated previously with AAF-cmk. As displayed in 
Fig 3. there was not any accumulation of poly-
ubiquitinated proteins in U937 cells upon AAF-
-cmk in given concentrations.
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Fig. 3. Western-blott analysis of polyubiquitinated proteins in U937 cells
Top pannel:polyubiquitinated proteins.

The lower pannel: control of protein loading (tubulin)
Numbers: 1 – control group; 2 – AAF-cmk 20 µM, 24h; 3 – AAF-cmk 40 µM, 24h; 

3 – AAF-cmk 20 µM 48h; 5 – AAF-cmk 40 µM 28h.

3.4. Comorbid anti-tumor activity of TPPII inhibitor AAF-cmk 
and a proteasome inhibitor PSI

In order test whether inhibition of TPPII and pro-
teasome can increase their cytotoxic effect against 
U937 leukemia cells we incubated the U937 cells 
with AAF-cmk and PSI alone and in their com-

bination. Moreover we added both inhibits alone 
and in combination to TRAIL, which is a potent 
anti-cancerous cytokine 

3.5. Both TPPII inhibitor AAF-cmk and a proteasome inhibitor PSI 
reduce U937 cell viability, but without synergistic effect

To analyze the effect of AAF-cmk and PSI the 
MTT assay was performed. As shown in Fig 4. 
AAF-cmk (10µM) reduced cell U937 viability to 
90% after 24h and to 30% after 72h of incubation. 
Whereas 50 nM PSI alone to 80 and 30% respec-

tively. The combination of AAF and PSI did not 
produce any additional significant effect on cell 
viability compared to the group incubated with 
PSI alone (Fig 4.).

3.6. AAF-cmk augments cytostatic effect of TRAIL, 
but do not enhance comorbid action with PSI against U937 cells

Since formerly it was published that both prote-
asome inhibitor PSI and TPP II inhibitor AAF-cmk 
increased anticancerous action of TNF and TRAIL 
(Mlnarczuk, Mroz et al. 2004; Mlynarczuk, Ho-
ser et al. 2001) in this study we tested whether the 
combination of both substances would further en-
hance TRAIL action. In this aim U937 leukemia 
cells were incubated with AAF-cmk or with AAF-

-cmk and PSI followed by TRAIL and the effects 
of therapy were assessed by MTT test.

As displayed in Fig.5 Compared to the group in 
which AAF-cmk was combined with TRAIL, no 
statistically significant differences were observed 
in the group that received the triple therapy (Fi-
gure 5).
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Figure 4. The effects of the combination of PSI and AAF-cmk on U937 cell viability in MTT test.
Bars represent mean values ± standard deviation, asterisks indicate groups statistically significantly different 

from the control p < 0.05 (student’s t test).

Figure 5. Effect of the combination of PSI, AAF-cmk on U937 cell viability. 
U937 leukemia cells were incubated with AAF-cmk or with AAF-cmk and PSI in given concentrations followed by TRAIL. 
The viability was analyzed by standard MTT test. Bars represent mean values ± standard deviation, asterisks indicate groups 

statistically significantly different from the control p < 0.05 (student’s t test).
Individual groups marked with a clamp do not differ statistically significantly (t-student test p > 0.05).

As displayed in Fig 5. both AAF-cmk reduced 
U937 viability to 56% (black columns, left panel) 
and if combined with PSI to 51% and there were 
no statistical significance between these two gro-
ups. Compared to the group in which AAF-cmk 

was combined with TRAIL (Fig.5; left panel), no 
statistically significant differences were observed 
in the group that received the triple treatment with 
PSI in all investigated concentrations (p> 0.05) 
(Fig. 5; right panel)
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4. Concluding remarks
In this study we have confirmed anti-leuke-

mic action of TPPII inhibitor AAF-cmk against 
U937 cells in vitro. We observed no signs of poly-
ubiquitinated proteins accumulation upon AAF-
-cmk and no inhibition of either chymotrypsin-
-like or tyrpsin-like activity of proteasome. Only 
PGPH activity was reduced by AAF-cmk. Thus, 
the observed cytostatic effects of AAF-cmk do not 
depend on proteasome inhibition by AAF-cmk. 
However, we cannot exclude effect of AAF-cmk 
on other proteases in U937 cells. 

No enhancement of cytostatic/cytotoxic ef-
fects was achieved by combining AAF-cmk and 
PSI compared to substance separately (Figure 5). 
Thus, it gives the argument for rather sequential 
protein degradation than parallel action of TPPII 
and proteasome in U937 cells. 

It is worth to mention and discuss that some 
research suggested that TPP II could replace the 
proteasome in its function, however, it turned out 
that cells adapted to high concentrations of pro-
teasome inhibitors require some low proteasome 
activity for life (Princiotta, Schubert et al. 2001). 
However, TPP II may assume certain proteasome 
functions, e.g., the generation of certain peptides 
presented by MHC molecules (Seifert, Maranon 
et al. 2003). Therefore, it is believed that the pro-
teasome and TPP II interact with each other in in-
tracellular proteolysis processes and complement 
each other’s functions (Wang, Miura et al. 1996).

Under basic conditions, the proteasome genera-
tes peptides with a chain length of up to several 
amino acids, which are most likely degraded to 
tripeptides by TPP II (Yao, Cohen 1999). In this 
way, the pool of substrates for downstream pep-
tidases is increased and the pool of substrates for 
the synthesis of new proteins is returned faster. 
Cancer cells that have an intense metabolism and 

synthesize large amounts of proteins may be de-
pendent on the rapid supply of free amino acids 
resulting from proteolysis. Then full TPP II ac-
tivity may also play an important role. Burkitt’s 
lymphoma cells overexpressing c-myc oncoge-
ne have been shown to have reduced proteaso-
me and elevated TPP II activity and are sensitive 
to blocking of TPP II by AAF-cmk (Orlowski, 
Eswara et al. 1998). Another studies showed that 
overexpansion the c-myc oncogene in Burkitt’s 
lymphoma cells results in increased sensitivity to 
TPPII inhibition and reduced chymotrypsin-like 
activity of the proteasome, increased activity of 
deubiquitinizing enzymes (Duensing, Darr et al. 
2010; Gavioli, Frisan et al. 2001). These cells un-
der the influence of incubation with proteasome 
inhibitors do not accumulate polyubiquitinylated 
proteins and no DNA fragmentation was found in 
them. Moreover, recently it was shown that TPPII 
is involved in formation of aggresome in murine 
C26 adenocarcinoma cells under proteasome in-
hibition (Bialy, Kuckelkorn et al. 2019) demon-
strating possible simultaneous role of TPPII and 
proteasome in protein homeostasis. Thus all citied 
research above supports the idea that TPPII can 
work parallel to protesomes and can be responsi-
ble for degradation of protasome substrates.

In this paper we did not observed augmented 
effect of comorbid TPPII and proteasome inhibi-
tors on U937 cells viability. Moreover, there was 
no potentiating of their cytotoxicity when both 
inhibitors together were used with preinduction 
of apoptosis with TRAIL. Therefore, our results 
suggest that in U937 cell TPPII works downstre-
am to proteasome in the same protein degradation 
pathway. However to answer the question if TPPII 
works more subsequent or more parallel to prote-
asome a complex biochemical research is needed. 
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