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Abstract
Background: Endometrial cancer rates have risen sharply in the past decade and are projected to continue increasing. With few treatment options available, this study 
examines a novel proteosome inhibitor UR238 as a potential new therapy for endometrial cancer.

Methods: UR238 is a 3rd generation proteosome inhibitor. Expression of proteasome subunits PSMB5 and LMP7, putative targets of UR238, were assessed 
through the Human Protein Atlas in uterine cancer patients. Functional assays, RT-PCR and western blotting were used to determine UR238’s efficacy, induction of 
endoplasmic reticular (ER) stress, autophagy, and apoptosis. An AN3CA xenograft mouse model was used to assess the in vivo effects of UR238.

Results: LMP7 is increased in endometrial cancer tumors. UR238 exhibits inhibition of chymotrypsin-like proteasomal activity and compared to known proteosome 
inhibitors, UR238 enhances PARP cleavage. Endometrial cancer cell lines treated with UR238 demonstrate reduced proliferation and increased markers of ER stress 
and other key markers of the apoptotic pathway. AN3CA expressing xenograft mice treated with UR238 demonstrate significant reduction in mean tumor volumes 
compared with vehicle control. Lastly, UR238 downregulates HE4 expression which appears to be independent of unfolded protein response (UPR) signaling.

Conclusion: UR238 inhibits cell proliferation in endometrial cancer cell lines and exhibits antitumorigenic effects in xenograft mouse models. UR238 induces ER 
stress, triggers UPR signaling, and triggers autophagy. UR238 also downregulates HE4 expression although, this is likely independent of UPR signaling. Proteosome 
inhibitors demonstrate promising activity in endometrial cancer and should be further investigated in these malignancies.
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Introduction
In the United States, 69,000 women are diagnosed with endometrial 

cancer (EC) annually and by 2050, the incidence is expected to increase 
to 120,000 cases annually [1,2]. Among women with newly diagnosed 
EC, ~30% will be advanced stage disease necessitating treatment 
with systemic therapy [3]. In recent years, newer therapies such as 
checkpoint inhibitors [4,5] and targeting the HER2 receptor have 
improved treatment responses [6,7], however, there is still an unmet 
need for systemic treatment options for advanced and recurrent EC 
patients whose overall 5-year survival is less than 20% [8]. The use of 
proteasome inhibitors has not been widely studied in EC.

In this study, our aim was to establish proteasomal function as a 
therapeutic target in EC given the known upregulation of proteasome 
activity in EC [9]. Proteosome inhibitors bortezomib and carfilzomib 
have been utilized in the treatment of non-solid malignancies, largely 
multiple myeloma where they have shown positive impacts on patient 
outcomes and survival [10,11]. Previous studies of bortezomib in 
solid malignancies have not shown the same promising outcomes; 
Huang, et al. [12], reviewed clinical trials investigating bortezomib 
in the treatment of solid malignancies and there was a lack of 
therapeutic effect observed when the drug was used as a single agent 
or in combination with other agents [12]. It has been theorized that 
bortezomib may have poor penetration into solid tumor compared 
to its availability in blood/bone marrow contributing to its poor 
performance in solid malignancies [13]. The ClogP value of a drug is 

reflective of its lipophilicity and water solubility which translates into its 
absorption and solubility [14]. Drugs with a suboptimal ClogP values 
have poor solubility and thereby limited therapeutic utility in solid 
tumors. UR238 was medicinally optimized and developed from current 
proteosome inhibitor chemical structures with the intent to improve 
ClogP and other medicinal chemistry properties. The improved CLogP 
of UR238 increases the drugs penetration into solid tumors compared 
with the earlier generations of proteasome inhibitors.

Here we investigate the 3rd generation proteasome inhibitor, 
UR238, and its effect on endoplasmic reticular (ER) stress. ER stress 
initially induces the unfolded protein response (UPR) pathway, which 
can serve to maintain cellular homeostasis in an afflicted cell. However, 
during periods of prolonged or severe ER stress, the UPR pathway 
shifts to promoting cell death. Given that ER stress and UPR activation 
have been demonstrated in EC and linked to chemoresistance [15,16], 
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inducing ER stress further beyond a cells adaptive limits may have 
therapeutic potential in treatment of EC.

We will also investigate how UR238 and UPR signaling affect the 
expression of Human Epididymis Protein 4 (HE4) produced through 
the expression of the WFDC2 gene. HE4 is known to enhance EC 
proliferation, growth, and invasion [17,18]. Additionally, HE4 
overexpression has been shown to upregulate immune checkpoint PD-
L1, and promote a suppressive immune microenvironment, together 
indicating HE4 as a promising therapeutic target in EC [19]. We have 
shown that HE4 expression is partially maintained though proteasome 
regulation. Here, we demonstrate that both UR238 treatment and 
ER stress suppress HE4 expression, and we further examine how 
each condition influences HE4 through UPR signaling. Additionally, 
this study demonstrates that UR238 is more potent than the current 
proteosome inhibitors in clinical use.

Materials and methods
Cell culture and materials: The human endometrial cancer cell 

lines ECC-1 (RPMI), HEC1A (McCoy’s 5A), MFE296 (MEM), KLE 
(DMEM:F-12), AN3CA (MEM), and MFE280 (MEM) all of which 
express HE4 were obtained as previously described [20]. Each cell line 
was cultured at 37 °C with 5% CO2 in its respective medium (specified 
in brackets), supplemented with 10% FBS. UR238 was synthesized 
and the structure and purity (>95%) were confirmed using nuclear 
magnetic resonance and high-performance liquid chromatography. 
A 1000x stock solution was prepared in dimethyl sulfoxide, stored at 
-20 °C, and mixed with cell culture medium prior to cell treatment. 
All other materials were sourced from vendors as follows; Chemicals: 
Bafilomycin (Cell Signaling Technology, Cat. No. 54645), Palmitic acid 
(as in a complex with BSA, Cayman, Cat. No. 29558), BSA-control 
(Cayman, Cat. No. 29556), Thapsigargin (Cayman, Cat. No. 10522), 
Tunicamycin (Cell Signaling Technology, Cat. No. 12819), 4μ8C 
(Cayman, Cat. No. 22110), GSK2606414 (MCE, Cat. No. HY-18072); 
siRNAs: Silencer Select siRNAs (ThermoFisher) for control (Cat. No. 
4390843), CHOP (ID No. s3997), ATF6 (ID No. s22688) and ATF4 
(ID No. s1702). Antibodies: Nrf2 (Abcam, Cat. No. ab62352), LC3 
(MBL, Cat. No. PM036), ATF6 (BioLegend, Cat. No. 853101), ATF4 
(BioLegend, Cat. No. 693901). All other antibodies were purchased 
from Cell Signaling Technology: Ubiquitin (Cat. No. 3933), β-Actin 
(Cat. No. 3700), BiP (Cat. No. 3177), CHOP (Cat. No. 2895), XBP-1s 
(Cat. No. 12782), P-p38 (Cat. No. 4511), p38 (Cat. No. 9212), P-JNK 
(Cat. No. 4668), JNK (Cat. No. 9252), P-Erk1/2 (Cat. No. 4370), Erk1/2 
(Cat. No. 9102), p21 (Cat. No. 2947), p27 (Cat. No. 3686), α-Tubulin 
(Cat. No. 2144), Cleaved PARP (Cat. No. 5625), GADD34 (Cat. No. 
41222).

Proteasome assay: Chymotrypsin-like, caspase-like, and trypsin-
like proteases activities were measured using the Proteasome-Glo 
Cell-Based Assay (Promega, Cat. No. G8660, G8760, G8860) according 
to the manufacturer's recommendations. Briefly, ECC-1 cells were 
harvested by trypsinization and were washed thoroughly with complete 
medium to remove contaminating trypsin or chymotrypsin carryover. 
The cells were then plated into a 96-well white plate and allowed to 
adhere overnight. Following this, the cells were treated with various 
concentrations of UR238 for 2 hours. They were then permeabilized 
using the buffer provided in the kit, which contains specific luminogenic 
peptide substrates: Suc-LLVY-, Z-LRR- or Z-nLPnLD-aminoluciferin 
for the chymotrypsin-like, trypsin-like or caspase-like activities, 
respectively. Upon cleavage by the proteasome, aminoluciferin is 
released, enabling the luciferase reaction. Luminescence signal was 
measured using a Synergy 2 (BioTek) microplate reader.

Cell transfection, immunoblot analysis, and measurement of HE4 
Levels: Transfection and immunoblot analyses were conducted as 
previously described [21]. HE4 levels were measured using the Human 
HE4/WFDC2 DuoSet enzyme-linked immunosorbent assay (R&D 
Systems, Cat. no. DY6274-05), following the manufacturer's protocol. 
For each reaction, 2 μg of ECC-1 cell extracts were used.

Measurement of cell population and apoptosis: Cell population 
was measured using the Sulforhodamine B (SRB) assay [22]. Apoptotic 
cells were measured by evaluating caspase-3/7 activities in cell culture, 
utilizing the Caspase-Glo 3/7 Assay (Promega, Cat. No. G8091). This 
assay includes a luminogenic peptide substrate, DEVD, specific for 
caspase-3/7 activity.

Polymerase Chain Reaction (PCR): ECC-1 cells were treated with 
UR238 (250 nM) for 24 hours. RNA isolation and cDNA synthesis were 
conducted as previously described [21]. Quantitative real-time PCR was 
conducted using a QuantStudio 12K Flex System (ThermoFisher) with 
Power SYBR Green PCR Master Mix (ThermoFisher, Cat. No. 4367659) 
with primers as follows: GAPDH (forward: AGC CAC ATC GCT CAG 
ACA C, reverse: GCC CAA TAC GAC CAA ATC C); usXBP1 (forward: 
CAG CAC TCA GAC TAC GTG CA, reverse: ATC CAT GGG GAG 
ATG TTC TGG; sXBP1 (forward: CTG AGT CCG AAT CAG GTG 
CAG, reverse: ATC CAT GGG GAG ATG TTC TGG); CHOP (forward: 
AGA ACC AGG AAA CGG AAA CAG A, reverse: TCT CCT TCA 
TGC GCT GCT TT); BiP (Forward: TGT TCA ACC AAT TAT CAG 
CAA ACT C, reverse: TTC TGC TGT ATC CTC TTC ACC AGT). 

Results
Endometrial cancer tissue exhibits increased levels of LMP7, a 

primary binding target of proteosome inhibitors

The PSMB5 and LMP7 genes encode 20S and 20Si proteasome 
subunits (i.e. β5 and β5i) and are the primary targets of proteosome 
inhibitors [23]. Microarray analysis of PMBS5 and LMP7 was performed 
using the Human Protein Atlas. Normalized relative protein expression 
(NRPX) is calculated as log2 (intensity), derived from global protein 
abundance measurements at the protein level. These measurements 
were obtained through mass spectrometry experiments performed 
by the Clinical Proteomic Tumor Analysis Consortium (CPTAC) on 
tissues using isobaric tandem mass tags (TMT). Compared to non-
malignant tissues, endometroid endometrial cancer tissue exhibits 
increased expression of LMP7 (Figure 1).

UR238 more effectively reduces endometrial cancer cell 
proliferation and enhances PARP Cleavage compared to Carfilzomib

We compared UR 238’s ability to reduce endometrial cancer cell 
population to that of Carfilzomib. After 72 hours of treatment, UR238 
more effectively reduced ECC-1 cell numbers at both 125 and 250 nM 
compared to Carfilzomib (Figure 2A). Treatment of various cancer cell 
lines with Carfilzomib has previously been shown to result in cleavage 
of poly (ADP-ribose) polymerase (PARP), a key protein involved in 
the DNA damage repair pathway, and its cleavage is a well-known 
indicator of the activation of cellular apoptosis [24]. We compared 
PARP cleavage in ECC-1 cells treated with varying concentrations 
of UR238 vs. Carfilzomib (0, 250, 500 and 750 nM). Immunoblot 
analysis demonstrated UR238 enhanced PARP cleavage compared to 
Carfilzomib at all concentrations (Figure 2B); this finding was further 
supported by increased ubiquitinated protein accumulation in UR238 
treated cells compared Carfilzomib (Figure 2C).

UR238 inhibits proteasome activity and reduces endometrial 
cancer cell proliferation
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Figure 2: (A) ECC-1 cells were treated with a range of concentrations of UR238 and Carfilzomib for 72 hours. After treatment, cells were fixed, and cell population was measured by 
the sulforhodamine B (SRB) assay. (B,C) ECC-1 cells were treated for 48 hours with varying concentrations of either UR238 or Carfilzomib. Following treatment, protein extracts were 
prepared, separated by SDS-PAGE, and subjected to immunoblotting to detect PARP cleavage and protein ubiquitination. α-tubulin served as a loading control. Densitometric analysis of 
cleaved PARP normalized to α-tubulin is shown in (B)

We evaluated the effects of UR238 on endometrial cancer cell 
lines by treating each line with various concentrations of UR238 for 
24 and 48 hours. Within the first 24 hours, UR238 treatment only 
moderately affected cell populations, even at the highest concentration 
tested (1000 nM), with 19%-41% inhibition compared to the control. 
ECC-1, HEC1A, and AN3CA cell lines were more sensitive, showing 
37%, 41%, and 40% inhibition, respectively, while KLE showed only 
a 19% reduction. After 48 hours, the effects were more pronounced 
with UR238. ECC-1 cells treated with UR238 (1000 nM) showed an 
82% reduction. Next, based on its chemical structure we predict that 
the proteasome is a target of UR238. To evaluate the selectivity and 
efficacy of UR238 toward three major proteolytic activities within the 
proteasome—chymotrypsin-like, trypsin-like, and caspase-like (or 
post-glutamyl peptide hydrolytic) activities—ECC-1 cells were treated 
with various concentrations of UR238 (0.001-10 μM) and monitored 
for the cleavage of a luminogenic peptide substrate over 2 hours (Figure 
3A and 3B). UR238 treatment in ECC-1 cells exhibited significant 
inhibition of chymotrypsin-like activity (IC50 = 0.039 μM; Figure 3C) 

in a dose-dependent manner, with much lesser inhibitory activities 
against caspase-like and trypsin-like activities (IC50 = 0.71 and 1.15 μM, 
respectively). When the proteasome is inhibited, it loses its ability to 
degrade ubiquitinated proteins, resulting in their accumulation within 
cells. To confirm that UR238 works through the proteasome pathway, 
we treated cells with UR238, which led to a significant accumulation of 
ubiquitinated proteins (Figure 3D).

UR238 induces ER stress and activates UPR pathways in 
endometrial cancer cells

The inhibition of proteasome activity is known to enhance 
endoplasmic reticulum (ER) stress in cells, triggering the activation of 
a conserved signaling cascade known as the unfolded protein response 
(UPR) pathway. In Figure 4A, we analyzed the expression of UPR 
pathway upon UR238 treatment along with other proteins known to be 
affected by the ER stress or proteasome inhibition. First, we observed 
that UR238 treatment in ECC-1 cells significantly upregulated the 
expression of BiP, a key regulator of the UPR. The UPR signaling is 

Figure 1. Figure generated from The Human Protein Atlas; normalized relative protein expression (NRPX) of LMP7 and PSMB5 in benign tissue specimens vs. tumor specimens from 
patients with endometrial cancer (Unpaired p-value: <0.0001 and 0.6440, respectively). NRPX is calculated as log2(intensity), derived from global protein abundance measurements at the 
protein level. These measurements were obtained through mass spectrometry experiments performed by CPTAC on tissues using isobaric tandem mass tags (TMT)
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Figure 3. (A) Chemical structure of UR238. (B) Six different endometrial cancer cell lines were treated with a range of concentrations of UR238 for 24 or 48 hours. After treatment, cells 
were fixed, and cell population was measured by SRB assay. (Mean ± SEM, N=6). (C) ECC-1 endometrial cancer cells were treated with various concentrations of UR238 for 2 hours. 
Following treatment, the cells were permeabilized. Chymotrypsin-like, caspase-like, and trypsin-like proteases activities were then measured using specific luminogenic substrates, as 
detailed in “Materials and Methods”. (D) ECC-1 cells were treated with the indicated concentrations of UR238 for 24 hours. After treatment, protein extracts were prepared, separated by 
SDS-PAGE electrophoresis, and then immunoblotted to detect ubiquitinylated proteins, with β-actin used as a loading control

Figure 4. (A) ECC-1 cells were treated with UR238 at the concentrations and durations as indicated. Following treatment, protein extracts were prepared, separated by SDS-PAGE 
electrophoresis, and immunoblotted with the indicated specific antibodies. α-tubulin was used as a loading control. (B) ECC-1 cells were treated with UR238 (250 nM) for 24 hours. The 
cells were lysed, and isolated RNAs were analyzed for the indicated genes via quantitative reverse transcription PCR (qRT-PCR), as described in “Materials and Methods”. sXBP1: spliced 
XBP1; usXBP1: unspliced XBP1. (C) The same as in (A), but the listed cell lines were incubated with UR238 for 24 hours at 1000 nM
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Figure 5. (A) KLE and ECC-1 cells were treated with UR238 (nM) for 48 hours. Apoptotic cells were then measured using luminogenic substrates sensitive to caspase-3/7 activity, as 
detailed in 'Materials and Methods'. The results were normalized to the cell population for each condition as determined by the SRB assay. (B) ECC-1 cells were incubated with UR238 (250 
nM) with or without bafilomycin A1 (100 nM) for 24 hours. After treatment, immunoblotting was performed to detect markers for apoptosis (cleaved PARP) and autophagy (LC3), using 
α-tubulin as a loading control. (C) ECC-1 cells were treated with UR238 (250 nM), bafilomycin A1 (300 nM), or a combination of both for 24 hours. Apoptotic cells were then measured as 
described in (A). (D) ECC-1 cells were treated with UR238 (500 nM for 48 hours), vorinostat (SAHA, 20 µM for 24 hours), or a combination of both. Cell population was assessed using 
the SRB assay. (E, F) Endometrial cancer cell lines were treated with UR238 at the indicated concentrations (E) or at 1000 nM (F) for 24 hours. Following treatment, immunoblotting was 
performed using the specified antibodies. (G,H) ECC-1 cells were treated with UR238 (250 nM for H, 1000 nM for G), doxorubicin (5 µM), or a combination of both for 24 hours. Protein 
extracts were then prepared and subjected to immunoblotting using the indicated antibodies (G), or apoptotic cells were quantified as shown in (A). (I) ECC-1 cells were treated with UR238 
(250 nM) or the Mcl-1 inhibitor A1210477 (10 µM) for 24 hours. Cell population was assessed using the SRB assay. ****: <0.0001. (J) ECC-1 cells were transiently transfected with siRNA 
against CHOP or with a non-targeting control for 48 hours. UR238 was added for the last 24 hours. Cell populations were measured by the SRB assay

Figure 6. (A) BiP, ATF6 and PERK protein abundance between tumors and normal adjacent tissues. (Unpaired p-value: <0.0001) (B) AN3CA cells derived from human endometrial 
adenocarcinoma were injected into NSG mice to create tumor xenografts. Mice were treated with either a vehicle or UR238 (5 mg/kg) three times per week. Tumor volumes were measured 
on days 9, 13, 17, and 20. Statistical analysis revealed that UR238 significantly reduced tumor volume compared to the vehicle at days 13, 17, and 20 (p<0.05)

mediated by three main pathways: IRE1α, PERK, and ATF6. UR238 was 
found to activate all three pathways, as evidenced by the upregulation of 
XBP-1s (the spliced isoform of XBP1), CHOP, and cleaved ATF6, which 
are representative markers of the IRE1α, PERK, and ATF6 pathways, 
respectively. In agreement with this, quantitative reverse transcription 
PCR (qRT-PCR) analysis revealed that UR238 transcriptionally 
regulates UPR signaling (Figure 4B). UR238 also activated MAPK 
pathways (p38, Erk1/2, JNK) and redox sensor Nrf2, both linked to ER 
stress and UPR [24]. Autophagy is a vital cell survival mechanism that 
helps cells manage stressors like oxidative stress, nutrient deprivation, 
and ER stress [25]. LC3 is a key marker for monitoring this process. 
Our study showed that UR238 clearly induces LC3. Moreover, UR238 
treatment upregulated the cell-cycle inhibitors p21 and p27, as seen 
by other proteasome inhibition [26,27]. These effects were not limited 
to ECC-1 cells, as similar results were observed in five additional 
endometrial cancer cell lines (Figure 4A and 4C).

UR238 Induces apoptosis and potential synergy through autophagy 
and CHOP signaling

Severe or prolonged ER stress can lead to cell death, typically 
via apoptosis [28]. We incubated KLE and ECC-1 cells with various 
concentrations of UR238 for 48 hours and measured caspase-3/7 
activities, key mediators of the final apoptotic steps. We found that 
UR238 induces apoptosis in both KLE and ECC-1 cells in a dose-
dependent manner (Figure 5A). ECC-1 cells exhibited greater 
sensitivity in cleaving a pro-luminescent caspase-3/7 DEVD-substrate, 
with a 41-fold increase in apoptotic cells at 1000 nM compared to the 
control, whereas KLE cells showed only a 9-fold increase. Next, we 
assess for autophagy which can both protect cells or promote cell death 
under ER stress [29]. To investigate the role of autophagy upon UR238 
treatment, we used bafilomycin A1, a potent V-ATPase inhibitor to 
block lysosomal degradation and thereby disrupt autophagic flux [30]. 
Bafilomycin A1 treatment led to a greater increase in LC3 expression 
than UR238 (Figure 5B) and significantly enhanced apoptosis (Figure 
5B and 5C), suggesting that autophagy induction by UR238 promotes 
cell survival, and its inhibition can potentiate the therapeutic effects 
of UR238. Histone deacetylase (HDAC) inhibitors are known to 
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induce autophagy [31]. The clinical agent vorinostat, or SAHA, has 
demonstrated a synergistic anticancer effect when combined with 
proteasome inhibitors [32]. Therefore, we tested whether UR238 has 
similar activity and found that vorinostat enhanced UR238’s effects in 
ECC-1 cells (Figure 5D). The Bcl-2 family proteins regulate cell survival 
and death through anti-apoptotic (e.g., Bcl-2, Mcl-1) and pro-apoptotic 
(e.g., Bax, Bim) members. While inducing apoptosis, we observed 
that UR238 upregulated Mcl-1 expressions in several endometrial 
cancer cell lines (Figure 5E and 5F), suggesting a compensatory 
survival mechanism. Since doxorubicin, a standard treatment for 
endometrial cancer, is known to suppress Mcl-1, we hypothesized that 
combining it with UR238 could enhance therapeutic efficacy [33]. 
Indeed, doxorubicin reduced UR238-induced Mcl-1 expression and 
simultaneously increased apoptosis (Figure 5G and 5H). Similarly, 
co-treatment with A1210477, a selective Mcl-1 inhibitor, yielded 
comparable results (Figure 5I), supporting the potential of UR238 in 
combination therapy. Lastly, CHOP induces apoptosis during severe ER 
stress in UPR signaling [34,35]. To confirm that CHOP induction by 
UR238 follows its previously established role, we knocked down CHOP 
expression in ECC-1 cells using siRNAs and treated them with UR238. 
Our data showed that CHOP knockdown induced resistance to UR238 
(1000 nM) by 31%, suggesting that UR238 exerts CHOP-mediated 
cytotoxic effects (Figure 5J).

Effect of UR238 on AN3CA endometrial cancer cell xenografts 
growing in NSG mice

Using proteomic data retrieved from cProSite [36], we observed a 
significant upregulation of ER stress markers in endometrial tumors. 
BiP, PERK, and ATF6 were markedly upregulated in tumor tissues. 
Compared to normal tissues (Figure 6A; p < 0.0001), whereas IRE1α 
expression showed no significant difference (p = 0.7177). These 
findings suggest that targeting ER stress pathways may represent 
a promising therapeutic strategy for endometrial cancer. Next, we 
conducted the in vivo evaluation of UR238. AN3CA, a cell line derived 

from human endometrial adenocarcinoma, was cultured and injected 
subcutaneously (1.0 x 105 cells) into NSG mice to create AN3CA tumor 
xenografts. A total of 10 mice were used in the study. On day 9 when 
all mice had measurable subcutaneous tumors, mice were treated with 
either vehicle (water+ 40% HBC+ Kolliphor=14:5:1) or UR238 (5mg/
kg) three times per week. Tumor volume was measured on days 9, 13, 
17 and 20; mice were sacked on day 20. A repeated measures analysis 
of variance was performed using maximum likelihood estimation 
with group, day, and the interaction between group and day as fixed 
effects. The correlation of repeated measures on the same subject over 
time was handled using an unstructured covariance which was allowed 
to vary by treatment condition. Model assumptions were verified 
graphically. Analysis was conducted using SAS v9.4 Proc Mixed. We 
found significant differences between the groups at days 13, 17, 19 with 
respect to tumor volume, where UR238 treated group has a smaller 
average tumor volume compared to vehicle (p values by respective day: 
Day 13= 0.0108, Day 17 = 0.0378, Day 20= 0.0109.) (Figure 6B).

UR238 and ER Stress reduce HE4 levels in endometrial cancer cells

HE4, a protein overexpressed in endometrial cancer [37], is a 
potential therapeutic target for cancer treatment [38]. In our efforts 
to identify an effective HE4 inhibitor, we previously conducted a drug 
library screening of pre-existing bioactive compounds with established 
molecular targets. This screening identified proteasome inhibition 
as a viable option to inhibit HE4. Notably, treatment with UR238 
significantly decreased HE4 levels in ECC-1 cells. Additionally, severe 
ER stress induced by thapsigargin and tunicamycin treatment (Th+Tu 
hereafter; Figure 7A) also reduced HE4 levels (Figure 7B). When 
UPR is activated, it affects protein synthesis and gene expression [39]. 
Thus, we investigated whether UPR signaling is responsible for HE4 
inhibition upon ER stress. We used specific pharmacologic inhibitors 
against IRE1α and PERK (4μ8C and GSK2606414, respectively) 
and ATF6 knockdown ECC-1 cells. Treatment with 4μ8C and 
GSK2606414 effectively suppressed the downstream targets of IRE1α 

Figure 7. (A) ECC-1 cells were treated with thapsigargin (Th, nM), tunicamycin (Tu, μM), or both (Th+Tu, 50 nM and 2.5 μM each) for 18 hours. Protein extracts were analyzed for XBP-
1s and CHOP, with α-tubulin as a loading control. (B) ECC-1 cells were pretreated with 4μ8C (10 μM), GSK2606414 (GSK6414, 1 μM), or control for 1 hour, then treated with Th+Tu (50 
nM and 2.5 μM each) or UR238 (1000 nM) for 24 hours. HE4 levels were measured by a HE4 ELISA as described in “Materials and Methods”. (C) As in (B), but cells were transfected 
with ATF6 siRNA for 24 hours prior to Th+Tu or UR238 treatment. (D) As in (B), but protein extracts were immunoblotted using antibodies against indicated target proteins. (E) ECC-1 
cells were transfected with siRNAs against ATF4 or CHOP for 24 hours, then treated with UR238 (1000 nM) for another 24 hours. HE4 levels or other targets were analyzed by ELISA and 
immunoblotting, respectively. (F) ECC-1 cells were treated with Th+Tu (50 nM and 2.5 μM each), with or without GSK2606414 (1 μM) for 24 hours. Cells were lysed, and isolated RNAs 
were analyzed for HE4 via qRT-PCR using YWHAZ as reference
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and PERK (XBP-1s and ATF4/CHOP, respectively). ATF6 was clearly 
downregulated in ATF6 knockdown cells (Figure 7C and 7D). We 
found that inhibiting PERK, but not IRE1α or ATF6, restored HE4 
levels that had been reduced by Th+Tu treatment, to levels comparable 
to untreated controls (Figure 7B). qRT-PCR analysis also showed 
that PERK inhibition partially restored HE4 levels transcriptionally 
(Figure 7F). Interestingly, inhibiting PERK signaling by GSK2606414 
or through ATF4/CHOP knockdown failed to restore HE4 reduced 
by UR238 (Figure 7B and 7E), suggesting that UR238 regulates HE4 
independently of PERK signaling.

Discussion
It is projected that 120,000 individuals will be diagnosed with EC 

in the year 2050 which is almost double the number of cases diagnosed 
in 2015. Approximately 30% of these patients are expected to present 
with advanced-stage disease requiring systemic chemotherapy [3]. 
Although molecular testing has shown potential for personalized EC 
treatment, options are still limited for patients who progress after 
standard care therapies and/or are ineligible for targeted therapies 
[4-7]. Further research is needed to identify newer drug-responsive 
targets and to develop new therapies for these patients. Prior research 
has demonstrated total 20S proteasome activity is higher in EC 
tumor tissue compared to intact endometrium, indicating that it is a 
protein exploited by cancer cells; therefore, proteasome inhibition 
may be a viable therapeutic option for advanced EC [9]. Though no 
proteosome inhibitors are yet approved in solid tumors, there have 
been some promising early phase clinic studies in gynecologic cancers 
which utilized protostome inhibitors in combination with standard 
chemotherapies [40].

FDA approved proteasome inhibitors come in two different 
classes: boronic acids (bortezominb and ixazomib) and epoxymycin 
derivatives (carfilzomib). Since, boronic acids (bortezomib) exhibit 
poor pharmacodynamics against solid tumors, we surmised that 
epoxymycin derivative carfilzomib could exhibit durable control over 
EC if improvement in the CLogP value (> 5.8) could be achieved. 
Lower CLogP values improve a drugs bioavailability and therapeutic 
efficacy [14]. UR238 was designed to improve the medicinal chemistry 
including CLogP. UR238's CLogP value of 5 is superior when compared 
to currently clinically available proteasome inhibitors. In the current 
experiments we were able to demonstrate that that UR238 is superior 
in suppressing cancer cell proliferation/viability and inducing cell 
death compared to carfilzomib. Additionally, we demonstrated that, 
as expected, UR238 selectively inhibits chymotrypsin-like proteasome 
activity and subsequently activates UPR signaling. In vivo efficacy of 
UR238 was also confirmed as it significantly blocked the tumor growth 
of AN3CA xenografts in NSG mice.

Exploiting ER stress to achieve cellular apoptosis also appears to be 
a promising therapeutic target in the treatment of cancer. In tumor cells 
which are continuously dividing and challenged by conditions such as 
restricted nutrients, DNA damage, metabolic stress and hypoxia, an 
upregulated UPR may be adaptive in maintaining their growth [41]. 
Studies have previously demonstrated increased ER stress markers in 
multiple cancer types including breast, prostate, pancreatic cancer, 
lymphoma, brain cancer, and colorectal cancer [42-52]. Additionally, in 
many cancers, high BiP levels have been found to correlate with higher 
pathological grade and aggressive phenotypes [53-55]. Analyzing 
uterine cancer proteomic datasets further support these conclusions 
as demonstrated by increased BiP, ATF6 and PERK protein abundance 
in tumors compared to adjacent normal tissues (Figure 6A). In EC 

specifically, Cali et al previously showed the attenuation of BiP resulted 
in a decreased growth rate and reduced invasion rate of EC cells, 
suggesting that UPR signaling not only plays a role in tumor growth but 
also cell migration and invasiveness [56]. Because EC cells, particularly 
those from more advanced disease, exhibit elevated levels of ER stress, 
they may be more susceptible to therapies that further disrupt ER 
homeostasis. This vulnerability offers a potential therapeutic window 
for selective targeting and may provide a novel treatment option 
for patients suffering from metastatic and advanced disease where 
treatment options are currently limited.

A notable feature of 20S inhibition by UR238 is the down 
regulation of HE4 expression. Of note, UR238 appears to regulate HE4 
independently of PERK in contrast to tunicamycin and thapsigargin. 
In terms of clinical application of UR238, serum HE4 ELISA assay 
could serve as a surrogate marker for UR238 response in patients. HE4 
is correlated with poor prognostic factors in patients with EC (stage, 
myometrial invasion and lymph node metastases) which suggest its 
use in monitoring treatment response and/or disease relapse [57]. We 
may find that treating with UR238 restores chemotherapy sensitivity 
through its impact on HE4.

Conclusion
In conclusion, we have shown for the first time that EC is 

dependent on proper function of the 20S proteasome machinery, 
and that proteasomal inhibition with UR238 blocks EC proliferation 
both in vitro and in vivo significantly. Though there are proteasome 
inhibitors already in clinical use, our 3rd generation proteasome 
inhibitor, UR238, is more effective than Carfilzomib in EC cells. UR238 
exhibits longer duration of ubiquitination in EC cells, which can lead 
to sustained activities and reduced doses and hence increased safety 
indices compared to carfilzomib. Our study contributes to the body of 
evidence generated though our lab that UR238 is an active proteasome 
inhibitor with improved medicinal chemistry properties and a viable 
candidate 3rd generation proteasome inhibitor designed for the use 
in solid tumors. These experiments will support the advancement of 
UR238 for future pharmacokinetic/pharmacodynamic studies and the 
initiation of an investigational new drug application to test UR238 in 
phase-0/1 clinical trials. Utilizing UR238 for the treatment of EC would 
introduce a novel therapeutic pathway and option for the treatment of 
patients with endometrial cancer and other solid tumors.
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