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Abstract

Uterine corpus endometrial carcinoma is one of the most common female 
pelvic malignancies. Carfilzomib, a second-generation Proteasome Inhibitor 
(PI), is currently being used for the treatment of multiple myelomas by 
inhibiting the pathways of IRE1-XBP1 and PERK-eIf2α. However, when used 
to treat solid tumors, Car ilzomib activated the XBP1-IRE1 pathway without 
affecting PERK-eIf2α. This study aimed to elucidate the function of 
Carfilzomib in UCEC cells and to uncover the in luence of PIs on specific 
cancer cells. Here, two cell lines were treated with Carfilzomib, and cell 
viability, and protein and gene expressions were evaluated. In addition, 
tumor-carrying BALB/c immunode icient mice were treated with 
Carfilzomib with or without UMI-77 supplementation, and tumor growth 
was analyzed. We found that Carfilzomib treatment increased apoptosis and 
the expression of ER stress signaling markers and pro-apoptotic proteins 
(e.g., Noxa and Puma) increased, whereas the expression of anti-apoptotic 
proteins (e.g., Bcl-2 and Bcl-xl) decreased. The expression of markers related 
to three different ER stress pathways were affected by Carfilzomib 
treatment. In nude mice models, Carfilzomib function was more pronounced 
with UMI-77 supplementation. To conclude, we have shown that 
Carfilzomib triggers ER stress in UCEC cells in vitro and leads to tumor 
necrosis in vivo.
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Introduction
Poly Cystic Uterine Corpus Endometrial Carcinoma (UCEC) 
is a global public health problem and is the most prevalent 
gynecological malignancy in developed countries. According 
to statistical analyses, the prognosis of UCEC is better than 
that of ovarian and cervical cancer because UCEC can be 
detected earlier due to the early appearance of symptoms (e.g. 
irregular vaginal bleeding). The 5 years survival rate of UCEC 
is up to 90% following surgery. However, 15–25 % of the 
patients with advanced UCEC show unfavorable prognoses 
due to a lack of new adjuvant therapeutic modalities [1-3]. 
With increasing incidence in recent years, more studies are 
required to understand the underlying mechanisms of UCEC 
to aid the development of treatment strategies [4]. Even 
though UCEC can be diagnosed at an early stage, it often co-
occurs  with  comorbidities,  which  raises the risk of traumatic 

surgery. Therefore, exploring new anti-tumor therapeutics 
with high specificity and sensitivity will be of clinical 
significance. The Endoplasmic Reticulum (ER) is central to 
protein synthesis and transportation and plays a role in 
maintaining a stable cellular microenvironment (ER 
homeostasis). The proteasome is responsible for the 
degradation of intracellular proteins [5-9]. A malfunction or 
the disruption of the proteasome can disrupt ER homeostasis 
and lead to the accumulation of misfiled and unfolded 
proteins. The ER stress signaling pathway can be activated by 
at least three signaling pathways, which ultimately leads to 
cell death under stress. Proteasome Inhibitors (PIs) are a series 
of drugs that block the action of the proteasome by selectively
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and irreversibly binding to chymotrypsin like sites in the
proteolysis core. Since PIs can disrupt cell cycle regulation
processes, they are used to induce programmed cell death and
reduce the viability of cancer cells via classical and/or ER
stress pathways. Studies have revealed the involvement of
different signaling pathways in multiple myeloma, a kind of
plasma malignant tumor and adrenocortical carcinoma, a
kind of solid tumor, revealing the divergent behaviors of
tumor cells under the pressure of ER stress induced by PIs.
Carfilzomib, a PI, has been shown to significantly reduce cell
viability and is currently being used as a pharmacotherapy
for the treatment of multiple myelomas. We have previously
shown that the treatment of UCEC cells with Carfilzomib led
to the overexpression of Myeloid cell leukemia-1 (Mcl-1), an
anti-apoptosis protein of the B-cell lymphoma-2 (Bcl-2)
family, and led to cell cycle arrest. The response of UCEC
cells to Carfilzomib was investigated to understand how
UCEC cells differentiate compared to the cancers mentioned
above [10-13]. Here, we explored the cytotoxic activity and
potential mechanism of Carfilzomib in HEC-1-A and
Ishikawa cell lines in BALB/c immunodeficient mice. In
vitro and in vivo experiments revealed that Carfilzomib
significantly induced cell apoptosis and the accumulation of
Mcl-1 via ER stress signaling pathways. Moreover, the
behavior of Carfilzomib in vivo indicated its potential
chemotherapeutic function. Which was significantly
enhanced in combination with UMI-77, a selective inhibitor
of Mcl-1?

Materials and Methods

Drugs and antibodies

Carfilzomib, purchased from LC laboratories (Woburn, MA,
USA), was reconstituted in Dimethyl Sulfoxide (DMSO) at a
stock concentration of 10 mmol/L and stored at −20℃. The
stock was diluted in DMSO to the needed concentrations (0
nM (no Carfilzomib, DMSO only), 12.5 nM, 25 nM, 50 nM,
100 nM). The final concentration of DMSO was <0.01 % in
the cell culture medium. The cells were cultured in
Dulbecco's modified eagle medium (DMEM; Sigma-Aldrich;
Schnelldorf, Germany) supplemented with 10 % (w/v) heat
inactivated fetal bovine serum (FBS; HyClone; Logan, UT,
USA), 100 U/mL penicillin, and 50 g/mL streptomycin at 37
°C in 5 % CO2. The primary antibodies (rabbit) used in this
study included: anti-Bcl-2, anti-Mcl-1, anti-Bcl-x1, antibax,
antibim, antipuma, anti-β-actin, antinoxa, anti-GRP78
(glucose-regulated protein 78), anti-CHOP (C/EBP-
homologous protein), anti-PERK (protein kinase R-like ER
kinase), anti-p-eIF2α (eukaryotic initiation factor 2), anti-p-
PERK, anti-XBP1 (X-box binding protein 1), anti-ATF4
(activating transcription factor 4), and anti-ATF6. All the
primary antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). The secondary HRP
conjugated goat anti-rabbit antibodies were purchased from
cell signaling technology (Boston, MA, USA).

Cell culture

The HEC-1-A (moderately differentiated endometriosis,
more sensitive to Carfilzomib) and Ishikawa cell (well-
differentiated endometriosis, less sensitive to Carfilzomib)
lines were obtained from the Shanghai Cell Bank of the
Chinese Academy of Sciences (Shanghai, China) and
cultured in DMEM (Sigma-Aldrich; Schnelldorf, Germany)
supplemented with 10 % (w/v) heat inactivated FBS
(HyClone; Logan, UT, USA), 100 U/mL penicillin, and 50
g/mL streptomycin at 37°C in 5 % CO2.

Flow cytometry

Apoptotic cells were evaluated using the annexing V–FITC
apoptosis detection kit (BD Biosciences, NJ, and USA). All
experimental steps were performed in accordance with the
protocols of manufacturer. Briefly, 1 × 106 cells were washed
twice with Phosphate-Buffered Saline (PBS) and stained with
100 μL of binding buffer containing 5 μL of 7-amino-
actinomycin D and 5 μL of annexin V–FITC. The cells were
incubated at 4°C for 15 min, suspended in 400 μL of binding
buffer, and immediately analyzed using a Fluorescence
Activated Cell Sorting (FACS) flow cytometer (BD
Biosciences). Ten thousand events were recorded and
analyzed [14].

Western blotting

All experimental steps were performed in accordance with
the protocols of manufacturer. Briefly, cells were lysed with
Radio Immuno Precipitation Assay (RIPA) buffer (Roche
Applied Science; Mannheim, Germany) containing a
protease inhibitor cocktail and phenylmethylsulfonyl
fluoride. Protein concentrations were determined using the
Bicin Choninic Acid (BCA) protein assay kit (Pierce;
Rockford, IL, USA). Equal amounts of proteins were
separated using 12% Sodium Dodecyl Sulfate-
Polyacrylamide Gel Electrophoresis (SDS-PAGE) and
electrophoretically transferred to a Polyvinylidene Fluoride
(PVDF) membrane (Millipore Corporation; Bedford, MA,
USA). The membranes were blocked for one hour at room
temperature with 5% nonfat milk. Next, the membranes were
incubated with primary antibodies against Bax, Mcl-1, Bcl-2,
Bcl-x1, Bim, Puma, Noxa, GRP78, CHOP, PERK, p-eIF2α,
p-PERK, XBP1, ATF4, and ATF6 overnight at 4°C. The
membranes were washed four times and incubated with anti-
rabbit IgG (1:1,000) conjugated to Herseradish Peroxidase
(HRP) at 37°C for one hour. Blots were visualized using
Enhanced Chemiluminescence (ECL) reagents (Millipore
Corporation; Bedford, MA, USA).

Quantitative RT-PCR

All experimental steps were performed in accordance with
the protocols of manufacturer. Briefly, RNA extraction was
performed using the RNeasy kit (QIAGEN, Dusseldorf,
Germany), and the isolated Total RNA was reverse-
transcribed by the Verso cDNA synthesis kit (Thermo
Scientific, MA, USA), and qRT-PCRs were performed using
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the Maxima SYBR Green/ROX qPCR Master Mix
(Fermatas) on an 7900 HT fast real time PCR system from
thermo fisher scientific (Waltham, MA, USA) with gene-
specific primers [15-19]. The cycling conditions were as
follows: two min at 50°C followed by ten min at 95°C; 40

cycles of 95°C for 15 sec and 60°C for one min. Cycle 
threshold (Ct) values were collected for β-actin and the genes 
of interest during the log phase of the cycle. Quantification of 
target gene expression was normalized against β-actin using 
the Ct method (Tables 1 and 2).

Table 1: Primer sequences used for Qrt-PCR.

Gene Forward sequences (5’-3’) Reverse sequences (5’-3’)

β-actin ATCGTGCGTGACATTAAGGAGAAG AGGAAGGAAGGCTGGAAGAGTG

Bcl-2 TTCAACACAGACCCACCCAGAG GCAGGATAGCAGCACAGGATTG

Bcl-xl GCAGCCGAGAGCCGAAAGG GGATGTGGTGGAGCAGAGAAGG

Mcl-1 AAGAGGCTGGGATGGGTTTGTG TTGGTGGTGGTGGTGGTTGG

Puma CTGCCGCCCACCACCATC TGAAGGAGCACCGAGAGGAGAG

Noxa ACCGTGTGTAGTTGGCATCTCC AGGTTCCTGAGCAGAAGAGTTTGG

GRP78 AGGAGGAGGACAAGAAGGAGGAC CAGGAGTGAAGGCGACATAGGAC

CHOP TGCTTCTCTGGCTTGGCTGAC CCGTTTCCTGGTTCTCCCTTGG

XBP1 TTGCTGAAGAGGAGGCGGAAG GGTCCAAGTTGTCCAGAATGC

Table 2: Inhibitory function of cfz/umi-77 in the tumor-carrying nude mice models (n=3 in each group, *p＜0.05，**p＜0.01).

Groups Initial body weight (g) Final body weight (g) Final tumor weight (g) Inhibitory rate (%)

Control 23.85 ± 1.31 22.68 ± 0.97 0.74 ± 0.41 -

CFZ 22.55 ± 2.09 21.00 ± 2.21 0.53 ± 0.28* 28.37*

UMI-77 22.95 ± 1.17 21.55 ± 1.35 0.68 ± 0.16 8.1

CFZ+UMI-77 20.53 ± 1.73 19.33 ± 2.22 0.36 ± 0.20** 51.35**

Cell viability assays

After standard cell cultivation for 24 h, the HEC-1-A and
Ishikawa cell lines were seeded in a 96-well plate (8 × 103

cells per well) with graded doses of medicine for a further 24
h and subjected to standard MTT analysis. Briefly, 200 µl of
solution (containing 0.5 mg/mL of MTT, Omega Biotech
(Norcross, GA, USA)) was added at the indicated time points
at 37°C. After cell culture for four h, cells per well were
lysed in 150 µl of DMSO for 15 min at room temperature.
The inhibitory rate (%) was evaluated by an FLUO star
OPTIMA enzyme labeled instrument from the (BMG
LABTECH, (Offenburg, Germany) at OD490.

Animals and drug treatments

Female BALB/c immunodeficient mice aged 4-6 weeks,
weighing 15 g-18 g, were purchased from the Shanghai lab
animal research center (Shanghai, China). The mice were
kept in a clean animal room of the experimental animal
center of the medical department of Xi'an Jiao Tong
University and had free access to food and water. A nude
mouse model was established by subcutaneously injecting 1
× 107 HEC-1-A cells/mL (0.2 ml). After about 1.5 weeks, the
mice were divided into four groups according to treatment:
control group (0.5 % Sodium salt of Carboxy Methyl
Cellulose), Carfilzomib (2.5 mg/kg), UMI-77 (50 mg/kg),

Carfilzomib and UMI-77 (Carfilzomib 2.5 mg/kg+UMI-77
50 mg/kg). The drugs were administered for 2 weeks, and
tumor volumes were measured every other day [20].

Hematoxylin and eosin (H and E) staining

Autopsies were performed on euthanized mice to remove the
tumor tissues. The tissues were temporarily stored in
paraformaldehyde (PFA). The samples were placed in
processing cassettes, dehydrated using a serial alcohol
gradient (50%, 75%, 80%, 95%, and 100%) and xylene, and
embedded in 62°C paraffin wax blocks. Next, 4 μm sections
were dewaxed in xylene twice, rehydrated using decreasing
concentrations of ethanol (100%, 95%, 80%, and 70%), and
finally washed and immersed in distilled water. Next, they
were stained with hematoxylin and washed with water. This
was followed by differentiation and bluing and then staining
with eosin and lastly washing with distilled water. Then the
sections were dehydrated using a serial alcohol gradient
(50%, 75%, 80%, 95 %, and 100%) and xylene. Finally,
sections were observed under an optical microscope at 100X
and 400X magnifications [21-23].

Statistical analysis

Data are presented as Mean ± Standard Error (SE). A one
way Analysis of Variance (ANOVA) was used to compare
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the means of the different testing groups and to calculate the 
p-value. Significance was set at p<0.05. The Coefficient
Indices (CIs) of Carfilzomib (nM) and UMI-77 (μM) were
calculated using the computer programmer CompuSyn by
entering the inhibitory rates of the different groups.

Results
Carfilzomib induces apoptosis in a dose-dependent 
manner and modulates the expression of bcl-2 
family proteins

We have previously shown that Carfilzomib has dose-
dependent anti-proliferative effects on cell cycle arrest in 
G2/M cells by down regulating Cyclin D3 in UCECs. Here 
we performed annexing V–FITC and PI fluorescence staining 
to determine whether ER stress can induce cell apoptosis in 
cell lines following Carfilzomib treatment. Signals were 
barely detected in the control groups of HEC-1-A and 
Ishikawa cells (Figure 1).

Figure 1: The inhibitory effect of Carfilzomib on two cell 
lines and expression changes of related proteins.

Note: (A) Carfilzomib triggered dose-dependent apoptosis of 
HEC-1-A cells after treatment for 24 h and 48 h, the cells 
apoptosis was evaluated by flow cytometry and cells apoptosis 
rate chart were showed. FACS data shown are representative 
of three independent experiments. n=3 for all experiments. 
The 0 μM group meant the final concentration of drug 
(Carfilzomib) in the cell culture medium was 0 nM, only pure 
solvent (DMSO) was added. (B) Bcl-2 family anti-apoptotic 
and pro-apoptotic proteins in HEC-1-A cells after 24 h 
treatment with graded doses of Carfilzomib. It showed the 
anti-apoptotic proteins expression of Bcl-2 family in HEC-1-A 
by Western Blot. And the relative quantification of the protein 
in Bcl-2 family proteins was shown below (n=3).(C) The 
mRNA of Bcl-2 family members in HEC-1-A after 24 h 
treated by Carfilzomib. *P＜0.05**, P＜0.01. Carfilzomib 
triggered dose-dependent apoptosis of Ishikawa cells after 
treatment for 24 h and 48 h, the cells apoptosis was evaluated 
by flow cytometry and cells apoptosis rate chart were showed. 
(D) FACS data shown are representative of three independent
experiments.  n=3  for all experiments. The 0 μM group  meant

the final concentration of drug (Carfilzomib) in the cell 
culture medium was 0 nM, only pure solvent (DMSO) 
was added. (E) Bcl-2 family anti-apoptotic and pro-apoptotic 
proteins in Ishikawa cells after 24 h treatment with graded 
doses of Carfilzomib. It showed the anti-apoptotic 
proteins expression of Bcl-2 family in Ishikawa by Western 
Blot. And the relative quantification of the protein in Bcl-2 
family proteins was shown below (n=3).(F) The mRNA of 
Bcl-2 family members in Ishikawa after 24 h treated by 
Carfilzomib. *P<0.05, **P＜0.01. 
Significant drug induced cell apoptosis was detected after 24 
h and 48 h treatments with graded concentrations of 
Carfilzomib (25 nM, 50 nM, and 100 nM). To further 
explore the molecular mechanism of apoptosis induced by 
Carfilzomib, qRT-PCR was used to evaluate the 
expression of anti- and pro-apoptotic genes. Carfilzomib 
unregulated the expression of Mcl-1, Bim, Puma, and 
Noxa, but had no significant effect on the expression of 
Bcl-2 and Bcl-xl. The qRT-PCR results were supplemented 
with western blotting, to check protein accumulation 
following treatment. Carfilzomib significantly increased the 
expression of Mcl-1, Bim, Puma, and Noxa, but had no 
significant effect on the expression of Bax in two cell lines.

CarfilzomibdifferentiallyaffectsthedifferentER 
stresspathways

We next evaluated the effect of Carfilzomib on the expression 
of two ER stress markers, GRP78 and CHOP. Quantitative 
RT-PCR revealed that 50 nM of Carfilzomib significantly 
unregulated the expression of GRP78 and CHOP in a time 
dependent manner. Moreover, western blotting revealed an up 
regulation of GRP78 and CHOP in a dose dependent manner 
with 24 h of Carfilzomib treatment. Stimulation of the 
Unfolded Protein Response (UPR) by ER stress activates 
three key pathways that ultimately initiate the CHOP 
apoptotic pathway. These three pathways include the PERK, 
ATF6, and IRE-1α (inositol-requiring enzyme 1) pathways. 
We evaluated the expression of marker genes/proteins 
associated with these three pathways. Stimulation of the 
PERK pathway can lead to phosphorylation of eIF2α, which 
promotes the expression of ATF4, a key molecule in the 
PERK pathway. Quantitative RT-PCR showed that the 
expression of ATF4 was significantly unregulated following 
Carfilzomib treatment. At the protein level, Carfilzomib 
elevated the levels of eIF2α and PERK phosphorylation and 
induced the expression of ATF4. Regarding the ATF6 
pathway, ATF6 expression was significantly unregulated in a 
time-dependent manner in HEC-1-A cells following 
Carfilzomib treatment but not in Ishikawa cells. At the protein 
level, ATF6 expression was increased in the HEC-1-A cells 
but not in the Ishikawa cells. Tunicamycin, often used as an 
inhibitor of ER N-linked glycosylation, can specifically 
induce cellular ER stress and activate the IRE1α-XBP1 
pathway. Agarose gel electrophoresis showed that the 
expression of XBP1S was unchanged following Carfilzomib 
treatment. At the protein level, the precursor form of XBP1,
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XBP1U was elevated in the Carfilzomib-treated groups, but
the activation form, XBP1S, was not (Figures 2-5).

Figure 2: The promoting effects of ER stress markers 
GRP78 and chop in two cell lines by carfilzomib treatment.

Note: (A) Effects of mRNA of GRP78, CHOP in HEC-1-A 
after 24 h treated by Carfilzomib *P<0.05，**P<0.01. (B) 
Western Blot showed the protein expression situations of 
GRP78 and CHOP in HEC-1-A and the relative 
quantifications of the GRP78, CHOP proteins in HEC-1-A 
cells were evaluated (n=3). (C) Effects of mRNA of 
GRP78, CHOP in Ishikawa after 24 h treated by 
Carfilzomib *P<0.05, **P<0.01. (D) Western Blot showed 
the protein expression situations of GRP78 and CHOP 
in Ishikawa and the relative quantifications of the 
GRP78, CHOP proteins in Ishikawa cells were evaluated 
(n=3).

Figure 3: The promoting effect of carfilzomib on ATF4 
pathway.

Note: (A) Effects of ATF4 mRNA in HEC-1-A and 
Ishikawa treated by Carfilzomib. (B) Effects of protein 
expression in upstream of ATF4 pathway in HEC-1-A 
by Carfilzomib treated. ATF4 Protein changed in HEC-1-A 
after Carfilzomib treated in different time and the relative 
quantification of the proteins in HEC-1-A cells (n=3). (C) 
Effects of protein expression in upstream of ATF4 
pathway in Ishikawa by Carfilzomib treated. ATF4 Protein 
changed in Ishikawa after Carfilzomib treated in different 
time and the relative quantification of the proteins in 
Ishikawa cells (n=3) *P<0.05，**P<0.01.

Figure 4: The effect of carfilzomib on ATF6 pathway.

Note: (A) The result of relative mRNA expression levels of 
ATF6 mRNA in HEC-1-A and Ishikawa changed with 
different doses of Carfilzomib. (B) The expression of protein 
ATF6 by Carfilzomib treated in different time in HEC-1-A 
shown in Western blot and the relative quantification of 
the proteins (n=3). (C) CThe expression of protein ATF6 by 
Carfilzomib treated in different time in Ishikawa shown in 
Western blot and the relative quantification of the proteins 
(n=3). *P<0.05, **P<0.01. 

Figure 5: The inhibitory effect of Carfilzomib on XBP1 
pathway.

Note: (A) The result of agarose gel electrophoresis 
showed the effect of tunicamycin and Carfilzomib on XBP1 
transcription in HEC-1-A and Ishikawa cells. (B) The 
expression of XBP1 (XBP1S and XBP1U) protein in 
HEC-1-A by tunicamycin and Carfilzomib treatment 
shown in Western blot and the relative quantification of 
the proteins in HEC-1-A cells (n=3). (C) The expression 
of XBP1 (XBP1S and XBP1U) protein in HEC-1-A by 
tunicamycin and Carfilzomib treatment shown in 
Western blot and the relative quantification of the 
proteins in Ishikawa cells (n=3)  *P<0.05,**P<0.01.

Carfilzomib inhibits the proliferation of UCEC cells 
in vivo , especially in combination with umi-77

The MTT analysis showed that Carfilzomib inhibited the 
growth of UCEC cells, with the IC50 (half maximal 
inhibitory concentration) values of 24 h treated HEC-1-A and 
Ishikawa cells to be 7.18 × 10-8 mol/L and 1.20 × 10-7 mol/L, 
respectively. Regarding its application in chemotherapy, the 
graded concentrations of Carfilzomib were determined to be 
12.5 nmol/L, 25 nmol/L, and 50 nmol/L to achieve an 
optimal concentration in combination with UMI-77. The 
Mcl-1 selective inhibitor, UMI-77, was able to inhibit the 
proliferation of HEC-1-A and Ishikawa cells when applied in
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the range of 3.725 to 50 μmol/L. Statistically, the IC50 values 
of UMI-77 for HEC-1-A and Ishikawa cells were 3.07 × 10-5

mol/L and 2.863 × 10-5 mol/L, respectively. Thus, the 
following concentrations of UMI-77 were used in 
combination with Carfilzomib for further experiments: 3.125 
μmol/L, 6.25 μmol/L, and 12.5 μmol/L. The MTT analysis 
showed that inhibitory rates of the UMI-77 treated group 
were increased in a dose-dependent manner in vitro. The 
inhibitory rate was evaluated via MTT analysis, and the 
Coefficient Index (CIs) of the drugs that were administrated 
in vitro was calculated by CompuSyn. Results showed that 
all the CIs of the combination-treated gradients were lower 
than 1.0. Regarding the in vivo experiments, the tumor 
inhibitory rate was 28.37 % in the Carfilzomib only group, 
8.10 % in the UMI-77 only group, and 51.35 % in the 
combination group (UMI-77+Carfilzomib). Moreover, H and 
E staining of tumor tissues showed evident atypia of UCECs 
with large nuclei and red stained cytoplasm in the treated 
group. The apoptosis and tissue necrosis were more 
pronounced when mice were treated with both UMI-77 and 
Carfilzomib (Figures 6 and 7).

Figure 6: The tumor-inhibitory effect of carfilzomib and 
umi-77 in vitro.

Note: (A) Effect of UMI-77 on the viability of HEC-1-A and 
Ishikawa cells (n=3) compared with the control group. (B) 
Inhibitory rate (%) and CI of graded concentrations of CFZ 
(nM)/UMI-77 (μM) on HEC-1-A. (C) Inhibitory rate (%) and 
CI of graded concentrations of CFZ (nM)/UMI-77 (μM) on 
Ishikawa. (D) HE staining results of different groups of 
tumor tissues under optical microscope. (E) Inhibitory effect 
of CFZ/UMI-77 on endometrial cancer nude mouse models 
(n = 3)* P<0.05, **P<0.01.

Figure 7: Brief possible mechanism illustration of 
carfilzomib induced Er stress pathway and related cellular 
interactions.

Discussion
Carfilzomib induces cell apoptosis and ER stress 
signaling by differentially regulating the signaling 
pathways underlying different malignant tumors: 
Sustained and severe ER stress can cause cells to undergo 
apoptosis via at least three signaling pathways. In the PERK/
ATF4 pathway, the dissociation of PERK and GRP78 after 
dimerization is followed by elevated levels of PERK 
phosphorylation and p-PERK specific phosphorylation of 
eIF2α. Consequently, a large amount of p-eIF2α enables the 
expression of ATF4, which enters the nucleus to activate the 
CHOP apoptotic pathway, leading to apoptosis and 
expression of Mcl-1. In the ATF6 pathway, ATF6 proteins are 
transported to the Golgi apparatus, where they produce a 50-
kDa P50ATF6-containing Hepatitis-B virus fragment, which 
eventually migrates to the nucleus to activate the expression 
of UPR target genes. Finally, XBP1 of the IFR1α-XBP1 
pathway is a basic leucine zipper-type transcription factor 
with no transcriptional activity. IRE1α can be activated by 
auto-phosphorylation and possesses endonuclease activity. 
Activated IRE1α can cleave a 26-bp intron from the XBP1 
mRNA to change its open reading frame. The alternatively 
spliced translational product of XBP1 can then promote the 
expression of UPR related genes (e.g., GRP78 and GRP94), 
which contain ER stress responsive elements. In this way, 
XBP1 attenuates ER stress signaling to restore intracellular 
homeostasis. In this study, markers of these signaling 
pathways were evaluated in response to Carfilzomib 
treatment, with the results suggesting that ER stress signaling 
in UCEC cells triggered by Carfilzomib is different from 
multiple myeloma and adrenocortical carcinoma. Regarding 
the PERK/ATF4 pathway, Carfilzomib enhanced expression 
of p-PERK and p-eIF2α and their downstream product ATF4. 
Meanwhile, this change also led to the enhancement of Mcl-1 
expression. However, Carfilzomib had little effect on the 
transcription of ATF6, suggesting that it does not significantly 
affect the ATF6 pathway. Finally, in the IFR1α-XBP1 
pathway, Tunicamycin caused the alternative splicing of XBP1 
mRNA and produced XBP1S by endonucleases, whereas 
Carfilzomib  did  not. Carfilzomib only enhanced the levels of
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the unsliced precursor XBP1U. Thus, Carfilzomib can 
potentially inhibit the activation of the IRE1α-XBP1 
pathway. These changes differ from those previously found 
in multiple myeloma and adrenocortical carcinoma. Thus, the 
origination of cells potentially an influence the part ER 
stresses is playing in apoptosis and response proportion of 
three classic pathways. Regarding apoptotic proteins, 
Carfilzomib brought about an accumulation of Mcl-1 and 
other BH3-only members in the Bcl-2 pro-apoptotic family 
(e.g., Bim, Puma, and Noxa) and the suppression of Bcl-2 
anti-apoptotic protein, which demonstrated an underlying 
connection between classic ER stress and mitochondrial 
related apoptosis pathways. The ER stress triggered by 
Carfilzomib in UCEC cells was briefly illustrated (Figure 7). 
However, questions and limitations exist in the current 
research. First, present studies demonstrated that the 
accumulation of p-eIF2α/eIF2α/ATF4 is enhanced by the 
severity of ER stress. Excluding human factors, the western 
blotting result of p-eIF2α/eIF2α showed a decrease in 24 h 
group in both cell lines, and future studies should investigate 
the possible reason. More in vivo experiments need to be 
performed to confirm the changes in the three pathways 
discovered in vitro. The specific mechanisms underlying the 
differences in pathways influenced by PIs in different tumor 
cells require further studies, and the significance of activating 
these divergent ER stressing pathways remains to be 
illustrated. Moreover, rescue experiments, different UCEC 
cell lines and multisystem cancer cell lines, and animal 
experiments on a large scale are important focus areas for 
future studies.

Carfilzomib and UMI-77 induced apoptosis indicated 
potential chemotherapeutic management of UCEC: 
Sustained administration of Carfilzomib caused severe ER 
stress signaling in UCEC cells, which caused endogenous 
mitochondrial pathway-related cell apoptosis. Studies have 
shown that Bcl-2 family pro-apoptotic BH3-only members 
can stimulate the expression of apoptotic genes, Bax and 
Bak, to inhibit the activity of anti-apoptotic proteins. The 
anti-apoptotic Mcl-1 protein is a key molecule in this process 
demonstrated that Bortezomib activates ATF4, which up 
regulates Mcl-1 and leads to anti-apoptotic drug resistance. 
Previous studies demonstrated that down-regulation of Mcl-1 
can lead to apoptosis of tumor cells and increase 
chemotherapy sensitivity, indicating that regulation of Mcl-1 
can influence the tolerance of malignant tumor cells. In our 
studies, to further increase the inhibitory effect on UCEC 
cells, Carfilzomib was combined with a selective inhibitor of 
Mcl-1, UMI-77, to determine its potential chemotherapeutic 
function. We found an obvious coordinated effect of 
Carfilzomib and UMI-77 in the treatment of UCEC in vitro 
and in vivo. With respect to our findings, Carfilzomib, as a 
PI, was designed to cause up regulations of pro-apoptotic 
factors. The up-regulation of Mcl-1, as an anti-apoptotic 
factor, demonstrated the self-rescue behavior of cancer cells 
when treated by Carfilzomib. Moreover, UMI-77 inhibited 
the function of Mcl-1 to enhance the efficiency of PI 
treatment. 

Conclusion
In summary, we treated the UCEC cells with ER stress-
inducing drugs and illustrated the underlying mechanism. 
Moreover, we found that the suppression of Mcl-1 via 
UMI-77 supplementation could be a solution to enhance 
the anti-tumor function of Carfilzomib which maintains 
clinical significance. Furthermore, anti-tumor target 
specific signaling regulators, both synthetic and those 
derived from natural compounds with better effectiveness, 
will be a necessary focus for future research.
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