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Inhibition of enzymatic activity of HRD1 results in death of cells derived from
glioblastoma multiforme, neuroblastoma, and normal astrocytes
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The aim of the present study was to examine the impact of LS-102, an inhibitor of enzymatic activity of HRDI that is an
essential E3 ubiquitin ligase of endoplasmic reticulum associated degradation (ERAD) on survival of the human cell lines
derived from glioblastoma multiforme (GBM), neuroblastoma, and astrocytes. We have also examined molecular responses
to HRD1 inhibition with a focus on proteins playing an essential role in unfolded protein response (UPR) and ERAD. In
addition, activation of IREla documented by XBP1 splicing was investigated. Finally, we have examined the impact of
LS-102 on p53 expression in GBM cells. Inhibition of HRD1 enzymatic activity results in cell death of all tested cells. With
respect to GBM cells, U87 cells are more sensitive to LS-102 as T98G cells. Cells of cell lines derived from normal astrocytes
K1884 exhibit the highest sensitivity to LS-102 among all cell types used in the study while NHA cells are the most resistant.
Sensitivity of neuroblastoma SH-SY5Y cells to LS-102 is comparable to the sensitivity of U87 cells. In GBM cells, inhibition
of HRD1 results in induction of the expression of proteins playing an essential role in UPR and ERAD (HRD1, SEL1L, and
GRP78). XBP1 splicing induced by HRD1 inhibition was documented in T98G and K1884 cells. We did not observe induc-
tion of p53 expression in U87 cells. Since LS-102 induces cell death of normal astrocytes, it is not a candidate for the testing
of its potential use as an antitumor treatment of GBM.
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Glioblastoma multiforme (GBM) is the most common
and the most aggressive primary brain tumor [1]. Despite
the current treatments, which include surgical resection,
chemotherapy using temozolomide and radiotherapy, tumor
recurrence occurs in almost all patients resulting in median
survival of less than 15 months [2]. GBM diffusely infil-
trates the adjacent brain tissue [3] and rarely spreads outside
the central nervous system [4]. Diffuse infiltration into the
normal brain parenchyma is a hallmark of GBM and under-
lies recurrence by precluding complete surgical resection
[5, 6]. Thus, the development of new therapy of GBM based
on cytotoxic drugs represents a great challenge of current
biomedical research.

In order to maintain a high proliferation rate, both DNA
and protein synthesis are elevated in tumor cells. In addition
to deregulated translation, deregulated/overloaded polypep-
tide processing, including polypeptide modification and
folding located in the endoplasmic reticulum (ER) could
contribute to the cancer progression [7, 8]. All these factors
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along with limited oxygen and nutrient supply to the growing
tumor [7, 9] result in ER stress and initiation of the unfolded
protein response (UPR) [7, 8]. Aberrant folding of proteins
in ER and consequent UPR activation, attributed to both
intrinsic and extrinsic factors, were documented in many
human cancer types [10].

Irrespective of the mechanism of ER stress induction, UPR
represents the main response of the cells to ER stress as well
as cytoprotective mechanism to cope with stress inducing
conditions and to restore ER homeostasis and functions [11].
UPR includes the repression of protein synthesis, the degra-
dation of the unfolded proteins by ER-associated degradation
(ERAD) and the promotion of appropriate protein folding
mediated by ER chaperones. The expression of ER chaper-
ones depends on the activation of all three arms of UPR
signaling that includes activation of the activating transcrip-
tion factor 6 (ATF6), protein kinase RNA-like ER kinase
(PERK), and inositol-requiring enzyme-la (IREla) [11].
ER stress-induced cleavage of ATF6 into an active cytosolic

This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution,
and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source and provide a link to
the Creative Commons licence. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



GLIOBLASTOMA CELL DEATH INDUCED BY HRD1 INHIBITION

17

ATF6 fragment p50 and its consequent translocation to the
nucleus activates expression of ER chaperones [12]. Despite
significant reduction of overall frequency of mRNA transla-
tion initiation resulting from phosphorylation of eIlF2a via
PERK, ATF4 mRNA is preferentially translated to active
ATF4 that also drives the expression of ER chaperones [13].
Finally, the X-box binding protein 1 (XBP1) mRNA cleavage
and splicing depends on autophosphorylation of IREla that
activates IREla endoribonuclease. The spliced form of the
transcription factor XBP1s induces expression of proteins
involved in ERAD [14, 15], ER chaperones and proteins
facilitating protein folding [16]. ERAD includes retro-
translocation of aberrant proteins from ER to the cytosol
through the membrane spanning retro-translocon [17, 18].
Aberrant proteins are further polyubiquitinated employing
E3 ubiquitin ligase HRD1 and finally degraded by the 26S
proteasome [18-20]. Activation of IREla can also result
in cleavage of ER-localized mRNAs in a process known as
regulated IREla-dependent decay, which further decreases
ER translational load and helps to restore cellular homeo-
stasis [21].

Despite induction of cytoprotective UPR, chronic or
intensive ER stress can culminate in different forms of cell
death [11]. The best described ER stress-induced apoptosis
depends on ATF4-mediated expression of CHOP that
further initiates expression of pro-apoptotic proteins PUMA
and Noxa [11]. Tumor cells, however, exhibit resistance to
the different forms of cell death [22]. Previous studies have
implicated UPR activation in different aspects of carcinogen-
esis in a variety of cancer types [7, 8]. A number of small
molecules were recently identified to interfere with various
arms of the UPR and ERAD, however, potential transla-
tion of this knowledge to cancer therapy has been limited to
date [23, 24]. The impact of ERAD inhibitor eeyarestatin on
either tumor cell survival [25] or chemotherapy sensitivity
[26] was examined while the impact of LS-102, an inhibitor
of enzymatic activity of HRDI that represents the central and
essential protein of ERAD [19, 20], on cancer cells survival
and response was not investigated.

On the basis of previous studies, we assume that the
increased rate of protein synthesis in tumor cells leads to an
overload of protein quality control mechanisms including
ERAD. Since ER stress and consequent UPR signaling in
tumor cells could also be increased because of changes in
the tumor microenvironment [7, 9] we hypothesize that
tumor cells will be more sensitive to ERAD inhibition than
normal cells. Thus, in the present study, we have examined
the impact of LS-102 on survival of the cells of human cell
lines derived from GBM and neuroblastoma. We have used
two different glioblastoma cells with opposite characteristics
that are important with respect to GBM. T98G cells contain
mutant-type TP53 with positive O°-methylguanine-DNA
methyltransferase (MGMT) that is responsible for the resis-
tance of GBM cells to temozolomide, while U87 cells contain
wild-type TP53 with negative MGMT [27]. In addition, we

have investigated the impact of LS-102 on neuroblastoma
SH-SY5Y cells and normal human astrocytes represented by
NHA and K1884 cells. We have examined molecular responses
of the cells to HRD1 inhibition with a focus on expression of
proteins playing an essential role in UPR and ERAD as well as
on XBP1 splicing. Finally, we have also examined the impact
of LS-102 on p53 expression in GBM cells.

Materials and methods

Materials. The following materials were obtained commer-
cially: sodium dodecylsulphate (SDS), bovine serum albumin
(BSA), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT), trypsin (EC 3.4.21.4), 3-[(3-cholami-
dopropyl)dimethylammonio]-1-propanesulfonate  hydrate
(CHAPS) (AppliChem GmBH, Germany); tunicamycin
(Calbiochem, Germany); LS-102 (Merck, NJ, USA); HALT™
protease inhibitor cocktail (Thermo Fisher Scientific, MA,
USA); prestained protein standards (#1610373, BioRad,
CA, USA); mouse monoclonal antibodies against HSP60
(#5C-271215, Santa Cruz Biotechnology, Germany), p53
(#SC-55476, Santa Cruz Biotechnology) and B-actin (#3700,
Cell Signaling, MA, USA); rabbit polyclonal antibody
against HRD1 (#13473-1-AP, Proteintech, IL, USA); GRP78
(#ab227865, Abcam, UK); SELIL (#PA5-88333, Invit-
rogen, CA, USA); LONP1 (#PA5-51692, Invitrogen); goat
anti-rabbit (#A0545, Sigma-Aldrich, MO, USA) and goat
anti-mouse (#A0168, Sigma-Aldrich) secondary antibodies
conjugated with horse radish peroxidase.

Cell culture and treatment. Glioblastoma U87 cells
(ATCC, VA, USA) were maintained in DMEM medium
(Thermo Fisher Scientific) supplemented with 10% fetal
bovine serum and 1% penicillin-streptomycin (all PAA,
Austria) at 37°C and 5% CO, humidified atmosphere.

Glioblastoma T98G cells (ATCC) were maintained in
DMEM medium (Thermo Fisher Scientific) supplemented
with 10% fetal bovine serum and 1% penicillin-streptomycin
(all PAA) at 37°C and 5% CO, humidified atmosphere.

Primary human astrocytes K1884 (Gibco, CA, USA)
were maintained in a specific medium for astrocyte growth
(DMEM 1x, GlutaMAX, N-2 Supplement, One Shot FBS)
(Thermo Fisher Scientific) at 37°C and 5% CO, humidified
atmosphere.

Primary human astrocytes NHA (ATCC) were maintained
in MEM medium (Thermo Fisher Scientific) medium supple-
mented with 10% fetal bovine serum and 1% penicillin-
streptomycin (all PAA) at 37°C and 5% CO, humidified
atmosphere.

Neuroblastoma SH-SY5Y cells (ATCC) were maintained
in DMEM:F12 (1:1) medium supplemented with 10% fetal
bovine serum and 1% penicillin-streptomycin (all PAA) at
37°C and under a 5% CO, humidified atmosphere.

The media were changed every 3 days.

The cells were treated with the indicated concentrations
of LS-102 for 24 h at 37°C and under a 5% CO, humidified
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atmosphere. At the end of the treatment, the cells were washed
3 times with ice-cold phosphate-buffered saline (PBS) and
then re-suspended in a lysis buffer (30 mmol/l Tris-HCI, 150
mmol/l NaCl, 1% CHAPS, 1x protease inhibitor cocktail, pH
7.6) for total protein extraction. Protein concentrations were
determined by a protein DC assay kit (Bio-Rad, CA, USA)
with BSA as a standard.

Cell viability. The cells were seeded in 96-well plates at
optimal concentrations. Control cells and the cells treated
with LS-102 were incubated for indicated time intervals at
37°C under a 5% CO, humidified atmosphere. At the end of
incubation, a 0.01 ml MTT solution (5 mg/ml) was added to
each well, and the cells were further incubated for 4 hours
at 37°C and under a 5% CO, humidified atmosphere. The
insoluble formazan, which resulted from the oxidation of
added MTT by vital cells, was dissolved by the addition of
0.1 ml of SDS solution (0.1 g/ml) and overnight incubation
at 37°C under a 5% CO, humidified atmosphere. The absor-
bance of formazan was determined spectrophotometrically
by using a Synergy H4 microplate reader (Agilent, CA, USA).
The relative viability of the cells was determined as the ratio
of the optical density of formazan produced by treated cells
to the optical density of the formazan produced by untreated
control cells and was expressed as a percentage of the
control. For each treatment time, the optical density value of
untreated control cells was considered as 100% of viable cells.

Western blotting (WB). Isolated proteins (30 pg proteins
loaded/lane) were separated on 10% SDS-polyacrylamide
gel electrophoresis (PAGE) under reducing conditions.
Separated proteins were transferred to nitrocellulose
membranes by using semi-dry transfer, and membranes were
probed with antibodies specific to GRP78 (1:1000), HRD1
(1:1000), HSP60 (1:1000), LONP1 (1:1000), SEL1L (1:1000),
P53 (1:1000), and B-actin (1:2000). Further incubation of the
membranes with particular secondary antibodies (1:10000
mouse, 1:20000 rabbit) was followed by the visualization
of immunopositive bands by using the chemiluminescent
substrate SuperSignal West Pico (Thermo Fisher Scien-
tific) and the Chemidoc XRS system (Bio-Rad). Intensities
of specific bands were quantified by Quantity One software
(Bio-Rad). The intensities of bands of interest were normal-
ized to corresponding intensities of bands of B-actin and
were expressed as the intensity of the band of the particular
protein in treated cells relative to the intensity of the band in
control untreated cells.

Isolation of total RNA and cDNA synthesis. Total RNA
was isolated from harvested cells treated with the indicated
concentrations of either LS-102 or tunicamycin at a concen-
tration 2 pmol/l for 6 h at 37°C using Tri reagent (MRC)
following the manufacturer’s protocol. Total RNA (1 pg) was
reversely transcribed to cDNA by using a mRNA-MAXIMA
First Strand cDNA synthesis kit (Thermo Fisher Scientific)
according to the protocol supplied by the manufacturer.

Reverse-transcription polymerase chain reaction
(RT-PCR). Aliquots of the resulting cDNA corresponding

Table 1. Sequences of oligonucleotides used as primers for RT-PCR.

Gene Forward primer Reverse primer
XBP1 CCTGGTTGCTGAAGAGGAGG CCATGGGGAGATGTTCTGGA

to 5 ng total RNA were used for PCR. Sequences of primers
used for amplification of XBP1 mRNA (Table 1) were
designed and verified by using the nucleotide database of
the National Center for Biotechnology Information. Ampli-
fication of the cDNAs was initiated by denaturation at 95°C
for 3 min, followed by 35 PCR cycles (initial denaturation at
95°C for 3 min followed by cycles of denaturation at 95°C
for 30 s, annealing at 58°C for 30 s, and extension at 72°C
for 30 s) and final extension at 72°C for 7 min in a DNA
thermal cycler (Biometra). The PCR products were separated
by electrophoresis in 3% agarose gel and then visualized by
ethidium bromide staining.

Statistical analysis. One-way ANOVA (GraphPad InStat
V2.04a, GraphPad Software) was first carried out to test for
differences among all experimental groups. Additionally,
Tukey’s test was used to determine the differences between
individual groups. A p-value <0.05 was considered as being
significant.

Results

Impact of LS-102 on relative cell viability of the cells.
The testing of the relative cell viability with the MTT assay at
24, 48, and 72 h after the treatment of the cells with different
concentrations of LS-102 revealed a concentration-depen-
dent reduction of the relative viability of the cells of the inves-
tigated cell lines (Figure 1). The IC50 values (concentrations
causing decrease of the relative cell viability to 50% of the
control untreated cells) for the used cell lines are summarized
in Table 2. As indicated, the cells of astrocyte cell line K1884
exhibit the highest sensitivity while the cells of glioblastoma
cell line T98G are the most resistant (Table 2). The kinetics
of the cell death seem to be fast. Although there is a trend
towards decreased IC50 values with an increased time of
treatment, the time-dependent changes of IC50 values are
not statistically significant.

Impact of LS-102 on expression of proteins involved in
UPR and ERAD. In order to test the impact of LS-102 on
expression of proteins involved in UPR and ERAD, we have
performed the western blot analysis of the protein extracts
prepared from control untreated cells and the cells treated
with indicated concentrations of LS-102 for 24 h. We have
focused on GRP78, which is the master protein involved in
activation of UPR [11], and HRD1, which is an E3 ligase
involved in ERAD [18]. Interaction of HRD1 with SEL1L is a
prerequisite for the formation of a functional HRD1-ERAD
complex [28], therefore we have also analyzed the impact
of LS-102 on the expression of SEL1L. Since HRD1 is also
involved in regulation of mitochondrial biogenesis [29] and
dynamics [30], we have also examined the impact of LS-102
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Figure 1. Impact of LS-102 on relative cell viability. U87, T98G, K1884, NHA, and SH-SY5Y cells were treated with the indicated concentrations of LS-
102 for 24, 48, and 72h, and then the relative viability was determined by MTT test as described in Materials and methods. Data are presented as means
+ SEM (4 independent experiments performed in triplicate per each treatment).

on the levels of HSP60 and LONP1 that are important molec-
ular components of mitochondrial UPR [31].

Treatment of the T98G cells for 24 h with LS-102 at a
concentration 10 pmol/l (Figure 2) was associated with
significant increase of expression of HRD1 (202.3% of
control, p<0.01), GRP78 (226.1% of control, p<0.01), and

SEL1L (187.4% of control, p<0.01). After the treatment of the
T98G cells for 24 h with LS-102 at a concentration 5 umol/l,
the levels of HRD1, GRP78, and SEL1L were elevated but the
changes were not statistically significant (Figure 2). The levels
of HSP60 and LONP1 were not significantly changed at both
investigated concentrations (Figure 2).
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The similar results were observed after the treatment of
U87 cells with LS-102 (Figure 3). We have observed signifi-
cantly increased levels of HRD1 (194.3% of control, p<0.01),
GRP78 (228.3% of control, p<0.01), and SEL1L (216.9% of
control, p<0.01) after the treatment of the U87 cells for 24 h
with LS-102 at a concentration 5 pmol/l while the levels of
HRDI1, GRP78, and SEL1L were not significantly increased
after the treatment of the U87 cells for 24 h with LS-102 at a
concentration 2.5 pmol/l (Figure 3). The levels of HSP60 and
LONP1 were not significantly changed at both investigated
concentrations (Figure 3).

The levels of all studied proteins were not significantly
changed after the treatment of both SH-SY5Y (Figure 4) and
K1884 (Figure 4) cells for 24 h with indicated concentrations
of LS-102.

Impact of LS-102 on splicing of XBP1 mRNA. In order
to test the impact of LS-102 on activation of IREla-XBP1
axis of UPR, we have treated the cells with different concen-
trations of LS-102 followed with RT-PCR analysis of RNA
isolated from control untreated cells and cells treated with
LS-102 for 6 h. The time interval was selected on the basis of
our previous publications [15, 32]. In addition, RNA isolated
from the cells treated with tunicamycin at a concentra-
tion of 2 umol/l for 6 h has also been analyzed serving as a
positive control. In agreement with our previous studies [15,
32], treatment of all cells with tunicamycin was associated
with splicing of XBP1 mRNA (Figure 5). Treatment of the
cells with LS-102 induced splicing of XBP1 mRNA in T98G
and K1884 cells while the splicing of XBP1 mRNA was not
observed after the treatment of SH-SY5Y and U87 cells with
indicated concentrations of LS-102 (Figure 5).

Impact of LS-102 on p53 expression in glioblastoma
cells. In order to explain differential sensitivity of GBM cells
to LS-102, we have performed WB analysis of p53 expression
in U87 and T98G cells since it was documented earlier that
HRDI1 targets p53 for ubiquitination and further destruc-
tion [33]. In accordance with a generally accepted view
that mutant p53 is stable, we have documented significantly
stronger signal of p53 in T98G cells as compared to the signal
of p53 in U87 cells (Figure 6). Treatment of U87 cells with
LS-102 was not associated with elevated expression of p53
(Figure 6). In addition, treatment of U87 cells with LS-102
was not associated with activation of caspase 3 (Supplemen-
tary Figure S1).

Discussion

In this study, we have documented the sensitivity of
different cell types derived from GBM, neuroblastoma,
and normal astrocytes to the inhibitor of HRD1 enzymatic
activity LS-102. With respect to GBM cells, U87 cells are
very sensitive to LS-102 while T98G cells are less sensi-
tive to the inhibition of HRD1 function. Cell lines derived
from normal astrocytes exhibit also differential sensitivity to
LS-102. K1884 cells exhibit the highest sensitivity to LS-102

Table 2. IC50 values of LS-102 for different cell lines.

IC50 (umol/1)
24h 48 h 72h
SH-SY5Y 9.81+0.85 8.20+0.49 7.68%0.12
T98G 16.12+£0.91 15.15+£0.86 14.55+0.73
uUs7 8.51+0.81 8.05+£0.34 7.55%0.71
NHA 16.59+0.62 16.45+0.35 16.08+0.43
K1884 6.61+£1.32 5.18+1.61 5.14+1.72
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Figure 2. Impact of LS-102 on expression of HRD1, GRP78, SELIL,
HSP60, and LONP1 in T98G cells. Total cell extracts were prepared
from T98G cells after treatment with LS-102 at concentrations 5 and 10
uM. The effect of the treatment on the levels of HRD1, GRP78, SEL1L,
HSP60, and LONP1 was evaluated by the western blot analysis of total
cell extracts as described in Materials and methods. B-actin served as
the loading control. The representative blots are cropped from different
parts of the same blot. The levels of HRD1, GRP78, and SEL1L were nor-
malized to B-actin levels and expressed as relative to untreated controls.
Data are presented as means *+ SD (4 independent experiments per each
treatment). **p<0.01 (one-way ANOVA, followed by Tukey’s test to de-
termine differences between the protein levels in control untreated cells
and treated cells).

among all cell types used in the study, while NHA cells are
the most resistant. Sensitivity of neuroblastoma SH-SY5Y
cells to LS-102 is comparable to the sensitivity of U87 cells. In
addition, we have shown that inhibition of HRDI has differ-
ential impact on induction of expression of HRD1, SELIL,
and GRP78 as well as on XBP1 mRNA splicing.

HRDL1 is ER resident E3 ligase playing an essential role in
the process of ERAD [17, 18] that is an important mecha-
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Data are presented as means + SD (4 independent experiments per each
treatment). **p<0.01 (one-way ANOVA, followed by Tukey’s test to de-
termine differences between the protein levels in control untreated cells
and treated cells).
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Figure 4. Impact of LS-102 on expression of HRD1, GRP78, SELIL,
HSP60, and LONP1 in SH-SY5Y and K1884 cells. Total cell extracts were
prepared from SH-SY5Y and K1884 cells after treatment with LS-102 at
concentrations 2.5 and 5 pmol/l. The effect of the treatment on the lev-
els of HRD1, GRP78, SEL1L, HSP60, and LONP1 was evaluated by the
western blot analysis of total cell extracts as described in Materials and
methods. B-actin served as the loading control. The representative blots
are cropped from different parts of the same blot.

Figure 6. Impact of LS-102 on p53 expression in glioblastoma cells. To-
tal cell extracts were prepared from T98G and U87 cells after treatment
with indicated concentrations of LS-102. The effect of the treatment on
the level of p53 was evaluated by the western blot analysis of total cell ex-
tracts as described in Materials and methods. B-actin served as the load-
ing control. The representative blots are cropped from different parts of
the same blot.

nism of the quality control of secretory pathway proteins.
Inhibitors of HRD1 were designed as novel candidates for
the treatment of rheumatoid arthritis [34] but their effec-
tiveness to kill malignant cells is less described [23]. In our
previous study, we have shown that expression of HRD1
depends on ribonuclease activity of IREla that results in
splicing of XBP1 mRNA [15]. In glioblastoma cells T98G
and U87, the inhibition of HRD1 activity was associated
with increased expression of HRD1, SEL1L, and GRP78.
While in T98G cells increased expression of HRD1 after
the treatment of the cells with LS-102 correlates well with
the activation of IREla documented by XBP1 splicing,
the expression of HRD1 after treatment of both U87 and
K1884 cells with LS-102 does not correlate with activa-
tion of IREla. In U87 cells, inhibition of HRD1 resulted in
increased expression of HRD1 but was not associated with
splicing of XBP1. On the contrary, inhibition of HRD1 does
not result in increased expression of HRD1 in K1884 cells
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despite documented splicing of XBP1. Thus, the results
presented in this study do not indicate the sole relationship
between IREla activity and expression of HRDI. It seems
that the relationship between HRD1 activity and expression
of either GRP78 or SEL1L is even more complex. In response
to ER stress, upregulation of SEL1L involves activation of
the ATF6 branch of UPR, while the expression of HRD1
depends on activation of IRE1-dependent splicing of XBP1
[15]. With respect to ERAD, the recent study documented
that downregulation of HRD1 was associated with increased
expression of SEL1L in the cells of macrophage cell line RAW
264.7 [35]. These results and results presented in our study
indicate a possible association between HRD1 activity/level
and expression of SEL1L. On the contrary, downregula-
tion of SELIL resulted in decreased expression of HRD1 in
both HEK239T cells [28] and bone marrow-derived macro-
phages of myeloid cell-specific SellL-deficient mice [35].
Interestingly, expression of GRP78 in bone marrow-derived
macrophages of myeloid cell-specific SellL-deficient mice
was increased [35]. In response to ER stress, expression of
GRP78 is regulated by PERK-ATF4 branch of UPR [36].
The previously published results together with results of our
study indicate that the regulation of expression of critical
molecular components of both UPR and ERAD is more
complex and cell specific, but the mechanism of increased
expression of HRD1, GRP78, and SELI1L after inhibition
of HRD1 is unclear. Increased expression of GRP78 corre-
lates well with tumor characteristics and was documented
in GBM upon recurrence [37]. Overexpression of both
HRD1 and GRP78 is considered to be cytoprotective [38]
or associated with aggressive growth and invasive proper-
ties of cancer cells [39]. In GBM cells, it might represent a
compensatory intracellular mechanism to cope with HRD1
inhibition and should confer some resistance to cell death.
Despite similar molecular responses of both T98G and U87
cells to the inhibition of HRDI, the sensitivity of the GBM
cells to LS-102 was significantly different. Differential sensi-
tivity of GBM cells to LS-102 might also be attributed to the
fact that resistant T98G cells are expressing a mutant form
of p53, while sensitive U87 cells are expressing wild type of
p53 [27]. It was documented earlier that HRD1 targets p53
for ubiquitination and further destruction [33]. Since we
did not observe induction of p53 in U87 cells treated with
LS-102, we presume that p53-dependent apoptosis is not a
mechanism of death of GBM cells induced by LS-102. Thus,
the mechanism of differential sensitivity of GBM cells to
LS-102 is not clear but it is not dependent on cellular status
of TP53 gene and p53-induced apoptosis.

In conclusion, we have shown that inhibition of HRD1
enzymatic activity by micromolar concentrations of LS-102
is associated with a fast death of the cells of all cell lines
used in the study. The impact of LS-102 on XBP1 splicing
and expression of HRD1, SEL1L, and GRP78 was specific to
GBM cells but does not correlate with sensitivity of the cells
to LS-102. Since LS-102 induces also death of normal astro-

cytes, it is not a candidate for the testing of its potential use as
a treatment of GBM.

Supplementary information is available in the online version
of the paper.
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Inhibition of enzymatic activity of HRD1 results in death of cells derived from
glioblastoma multiforme, neuroblastoma, and normal astrocytes
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Supplementary Figure S1. Impact of LS-102 on caspase3 expression in glioblastoma cells. Total cell extracts were prepared from T98G and U87 cells
after treatment with indicated concentrations of LS-102. The effect of the treatment on the level of caspase3 was evaluated by Western blot analysis
of total cell extracts as described in Materials and methods. $-actin served as the loading control. The representative blots are cropped from different
parts of the same blot.
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