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Purpose: Ubenimex, an aminopeptidase N (APN) inhibitor, is widely known for its use as

an adjunct therapy for cancer therapy. However, in recent studies, it has also conferred

antitumour effects in many cancers, but its anticancer mechanism is largely unknown. This

study aims to investigate the specific anticancer activities and mechanisms of ubenimex in

GH3 and MMQ cells.

Materials and methods: In this study, we investigated the anticancer effects of ubenimex

in GH3 and MMQ cells. Cell viability and cell death were assessed by the Cell Counting Kit-

8 kit (CCK-8) and a LIVE/DEAD cell imaging kit. Apoptosis and intracellular reactive

oxygen species (ROS) generation were assessed by flow cytometry and fluorescence micro-

scopy. Autophagosome formation was detected by transmission electron microscopy, and

autophagic flux was measured with mRFP-GFP-LC3 adenoviral transfection. The protein

expression level was detected by Western blotting.

Results: The results revealed that treatment with ubenimex induced apoptotic and autopha-

gic cell death in GH3 and MMQ cells, which resulted in decreased viability, an increased

proportion of apoptotic cells, and autophagosome formation. Further experiments showed

that ubenimex induced ROS generation and activated the ROS/ERK pathway. The ROS

scavenger NAC could attenuate ubenimex-induced apoptosis and autophagy.

Conclusion: Our studies revealed that ubenimex exerted anticancer effects by inducing

apoptotic and autophagic cell death in GH3 and MMQ cells, rendering it a possible effective

adjunctive therapy for pituitary treatment.
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Introduction
Pituitary adenoma is one of the most prevalent intracranial tumours, and prolactinomas

account for approximately 40% of them.1 Currently, radical resection, radiotherapy and

dopamine agonist (DA) medication are the common treatment strategies.2–4

Bromocriptine (BRC) and cabergoline (CAB) are the first-line DA treatment for prolac-

tinomas, which can selectively activate the D2R short isoform, inhibit prolactin gene

transcription and effectively restore gonadal function and reduce prolactin (PRL) hyper-

secretion and tumour size.5–7 However, the tumour can recur after drug discontinuation.8

Moreover, the drugs have side effects; they can increase the risk of cardiac valve

regulation, induce retroperitoneal and pulmonary fibrosis9 and reduce the likelihood of

complete adenoma resection due to preoperative DA therapy-induced fibrosis.10

Therefore, the development of adjuvant therapy for pituitary adenoma is urgently needed.
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Ubenimex, an adjunct therapy medicine for many can-

cers, has shown anticancer effects by enhancing the func-

tion of immunocompetent cells.11,12 Aminopeptidase N

(APN), a potential target of ubenimex, participates in

various cellular processes in different cancers, including

cell cycle control, cell motility, cell differentiation, cellular

attachment and angiogenesis.13 It has been reported that

ubenimex exerts antineoplastic effects through different

mechanisms. However, the efficacy of ubenimex in pitui-

tary adenomas have not been reported to date.

Apoptotic and autophagic cell death are the two com-

mon mechanisms by which chemotherapeutic drugs induce

cytotoxicity. Apoptosis is recognized by cell shrinkage,

cell membrane blebbing, nuclear and DNA fragmentation,

chromatin condensation, and formation of apoptotic

bodies.14 However, none of these aforementioned charac-

teristics are associated with autophagic cell death, which is

accomplished by autophagic double-layered membranes in

the cytoplasm.15 In many cases, autophagy serves as a

cytoprotective mechanism,16,17 but it can also lead to cell

death under specific circumstances.18 Although these two

forms of cell death are different, there are no clear bound-

aries between them, and they determine cell fate in a

coordinated manner.

Reactive oxygen species (ROS) play an important role

in the occurrence and development of tumours. Previous

studies have shown that cancer cells contain higher ROS

levels and more unregulated antioxidant activities than

normal cells.19,20 Due to these traits, cancer cells create

excessive oxidative stress. ROS are important signalling

molecules that can mediate apoptosis, autophagy, and acti-

vation of cell signalling kinases.21 Many therapeutic med-

icines have been indicated to be effective in the treatment

of human cancers through ROS-related signalling path-

ways. However, the effects of ubenimex-induced ROS

damage and the regulation of related signalling pathways

in pituitary adenoma cells remain unknown.

In the present study, we aimed to determine the antic-

ancer activities and the potential mechanisms of ubenimex

in two different rat pituitary adenoma cell lines. This study

may provide a potentially novel drug treatment for pitui-

tary adenomas.

Materials and methods
Chemicals and reagents
Ubenimex were provided by Shenzhen Main Luck

Pharmaceuticals, Inc. (Shenzhen, China). LIVE/DEADTM

Cell Imaging Kit and Total Reactive Oxygen Species

(ROS) Assay Kit were purchased from Thermo Fisher

Scientific (USA). Cell Counting Kit-8 was purchased

from Dojindo (Japan). Annexin V-FITC/PI kit was pur-

chased from BD Biosciences (USA). NAC, 3-MA and Z-

VAD-FMK were purchased from Selleck (USA). Primary

antibodies: caspase-3 (1:500; catalog # ab13847), parp1

(1:2000; catalog #ab32138), cleaved parp1 (1:2000; cata-

log #ab32064) and β-actin (1:5000; catalog # ab8226)

were purchased from Abcam (UK). ERK (1:1000; catalog

# 4695T) and p-ERK (1:1000; catalog # 4370T) were

purchased from Cell Signaling Technology (USA).

Caspase-9 (1:1000; catalog # 10380-1-AP) was purchased

from Proteintech (USA).

Cell lines and cell culture
The rat pituitary adenoma cell lines GH3 and MMQ were

obtained from the Chinese Academy of Sciences Cell

Bank. These cells were cultured in Dulbecco’s modified

Eagle’s medium/F12K culture medium supplemented with

15% horse serum, 2.5% foetal bovine serum (FBS), 100 U/

mL penicillin, and 100 mg/mL streptomycin and cultured

at 37 °C in a humidified atmosphere containing 5% CO2

and 95% air.

Cell viability measurement
Cell viability was measured by CCK-8 assays. Cells in the

exponential growth phase were harvested and seeded into

96-well plates at a density of 20,000 cells per well. The cells

were treated with different concentrations of ubenimex for

another 24 hrs, 48 hrs and 72 hrs, and the complete medium

was used as a control. Then, 10 µL of CCK-8 solution was

added into each well. Two hours later, the absorbance was

determined by a microplate reader (EL340; Bio-Tek

Instruments, MA, USA) at 450 nm.

Cell live/dead assay
GH3 and MMQ cells were seeded into pretreated 24-well

plates with poly-L-lysine and administered different con-

centrations of ubenimex for 48 hrs; then, the cells were

treated with a LIVE/DEADTM Cell imaging kit according

to the instructions. After another 15 mins of culture in the

dark, the cells were observed using fluorescence micro-

scopy (Olympus) and measured at 488 nm excitation and

515 nm emission for live cells (green), 570 nm excitation

and 602 nm emission for dead cells (red).
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Annexin v-fluorescein isothiocyanate

(FITC)/propidium iodide (PI) staining
An annexin V-FITC/PI kit was used to determine the effect

of ubenimex on apoptosis. Briefly, the cells were treated

with different concentrations of ubenimex for 48 hrs and

then collected. The cells were resuspended in 500 µL

binding buffer and incubated with 5 µL annexin V-FITC

and 5 µL PI for 15 mins in the dark. The results were

analysed using a FACS Calibur or an EPICS XL flow

cytometer (BD Biosciences).

Autophagic flux measurement
GH3 and MMQ cells were cultured in poly-L-lysine-trea-

ted 96-well plates for 24 hrs and then transfected through

mRFP-GFP-LC3 adenoviral vectors (purchased from

Hanbio Biotechnology Co., Ltd). Then, the cells were

treated with different doses of ubenimex for 48 h. Next,

the cells were observed under a fluorescence microscope

(Nikon Inc., Japan) and measured at 488 nm excitation and

515 nm emission for green puncta, 570 nm excitation and

602 nm emission for red puncta. The experiment was

performed in triplicate.

Intracellular ROS generation

measurement
GH3 and MMQ cells were cultured in a six-well plate and

incubated with 2ʹ, 7ʹ-dichlorofluorescein-diacetate (DCFH-

DA) for 1 hr. Following the treatment, the cells were

washed with serum-free medium three times. Next, the

cells were treated for different time intervals and at various

concentrations of ubenimex. The level of ROS was ana-

lysed using a flow cytometer (BD Biosciences) and

imaged using fluorescence microscopy (Olympus) and

detected at 495 nm excitation and 520 nm emission.

Transmission electron microscopy
The GH3 and MMQ cells were treated with ubenimex

(0.25 mg/mL) for 48 hrs. After incubation, the cells were

fixed with 2.5% glutaraldehyde for 1.5 hrs and post-fixed

with 1% osmium tetroxide for 1.5 hrs. Next, the cells were

washed and stained in 3% aqueous uranyl acetate for 1 hr.

Subsequently, the cells were dehydrated with increasing

ethanol and acetone and then embedded and sectioned.

Finally, the sections were double-stained with uranium

acetate and 0.3% lead citrate and examined using a

JEOL 1200EX electron microscope (Japan).

Western blot analysis
Cells were incubated with different treatments before lysis.

Then, the cells were washed with cold PBS and lysed in

cold RIPA lysis buffer containing 1% phosphatase inhibitor

and 1% protease inhibitor for 30 mins. The protein samples

were centrifuged at 12,000 rpm for another 30 mins at 4 °C.

The supernatants were collected for continued analysis. The

Bradford protein method and a bicinchoninic acid (BCA)

protein assay kit were used for the measurement of protein

concentration. Proteins were separated by SDS-PAGE and

transferred to polyvinylidene difluoride (PVDF) mem-

branes. Membranes were incubated with different primary

antibodies overnight at 4 °C, followed by horseradish per-

oxidase (HRP)-conjugated secondary antibodies for 1 hr at

room temperature. Immunoblots were visualized using

enhanced chemiluminescence (LAS-4000).

Statistical analysis
The experiments were performed independently at least three

times. The data were statistically analysed using ANOVA,

followed by Tukey’s test for multiple comparisons. The

analysis was performed using Prism Graph Pad v4.0

(Graph Pad Software Inc., San Diego, CA, USA). P-values

of less than 0.05 were considered statistically significant.

Results
Ubenimex inhibits the viability of pituitary

adenoma cells and induces cell death
To analyse and test the cytotoxicity induced by ubenimex,

CCK-8 assays were performed in GH3 and MMQ cell lines.

As shown in Figure 1A and B, the viability of the GH3 and

MMQ cells was reduced in a dose-dependent manner after

treatment with ubenimex for 24, 48 and 72 hrs. Therefore,

we concluded that ubenimex could inhibit cell viability in

both the GH3 and MMQ cells. Next, we detected the ratios

between live and dead cells using a LIVE/DEAD cell ima-

ging kit. The results showed that the density of dead cells

(red) was significantly increased compared with that of

control cells (Figure 1C–E).

Ubenimex induces apoptotic effects in

GH3 and MMQ cells
To quantify the level of apoptosis, the cells were subjected to

annexin V-FITC/PI double staining. The results showed that

the proportion of early and late apoptotic cells increased with

increasing concentrations of ubenimex (Figure 2A–C). We

further detected the expression of themain apoptotic proteins,
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namely, caspase-3, caspase-9 and parp1, by Western blot

analysis. As shown in Figure 2D, the levels of the cleaved

forms of caspase-3, caspase-9 and parp1 were significantly

increased in the ubenimex-treated GH3 and MMQ cells,

which further proved that ubenimex induced apoptotic

effects. To further elucidate the ubenimex-induced apoptosis,

we investigated the effect of Z-VAD-FMK, a pan-caspase

inhibitor, using CCK-8 assay. As shown in Figure 4A and

B, pre-treatment with Z-VAD-FMK attenuated the ubeni-

mex-induced cell viability decrease. Taken together, these

results illustrate that ubenimex-induced cell death in GH3

and MMQ cells is apoptosis-dependent.

Ubenimex induces autophagic cell death

in GH3 and MMQ cells
Previous studies have demonstrated that ubenimex can induce

not only apoptosis but also autophagic cell death in malignant

melanoma and bladder cancer cells.22,23 In the present study,

we directly detected autophagosome formation by transmis-

sion electron microscopy. As shown in Figure 3A, we found

Figure 1 Ubenimex inhibits the viability of GH3 and MMQ cells and induces cell death.

Notes: (A, B) Dose- and time-dependent effects of ubenimex on cell viability. The GH3 and MMQ cells were treated with different concentrations of ubenimex (0.0625,

0.125 and 0.25 mg/mL) and culture medium as control for 24, 48, and 72 hrs, and the cell viability was assessed via CCK-8 assays. (C, D and E) Ubenimex induced GH3 and

MMQ cell death in a dose-dependent manner. After treatment with increasing concentrations of ubenimex for 48 hrs, the proportion of dead cells increased. *Indicates

statistically significant difference (P<0.05) vs untreated control cells.
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that the formation of double-membrane autophagosomes was

increased in the ubenimex-treated cells compared to that

observed in the untreated cells. During the process of

autophagy, microtubule-associated protein light chain 3-I

(LC3B-I) is converted to lipidated LC3B-II, which is the

classic hallmark of autophagy.24 We next investigated the

Figure 2 Ubenimex induces apoptosis in GH3 and MMQ cells.

Notes: (A, B and C) Representative flow cytograms and corresponding statistical analyses after treatment with the indicated concentrations of ubenimex and culture

medium as control for 48 hrs. Apoptosis was detected by annexin V-FITC/PI double staining. (D) The representative apoptosis biomarkers cleaved caspase-9, cleaved

caspase-3 and cleaved parp1 were measured by Western blot analysis. β-actin is shown as a loading control. *P<0.05 vs the control group.
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expression level of LC3B-II by Western blotting after gradu-

ally increasing the ubenimex treatment concentration. The

results showed that LC3B-II levels in the ubenimex-treated

GH3 and MMQ cells were increased compared with the level

in the control cells (Figure 3B). Next, we used mRFP-GFP-

LC3 adenovirus transfection to determine whether the accu-

mulation of LC3B-II resulted from autophagosome formation

or the inhibition of autophagosome-lysosome fusion. As

shown in Figure 3C, in the ubenimex-treated GH3 and

MMQ cells, the number of autophagosomes-lysosomes (red

Figure 3 Ubenimex induces autophagic activity in GH3 and MMQ cells.

Notes: (A) Representative transmission electron micrographs of the GH3 and MMQ cells that were treated with ubenimex (0.25 mg/mL) and culture medium as control for

48 hrs. The autophagic vesicles are shown with red arrows. Scale bar =0.4 µm (B) Effects of ubenimex on LC3B and P62 levels in the GH3 and MMQ cells. β-actin is shown

as a loading control. (C) The Autophagosome accumulation and fusion with lysosomes were detected using mRFP-GFP-LC3 adenovirus infection. The green puncta

represent autophagosomes, and the red puncta represent autolysosomes. Scale bar =10 µm.
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point in merged images) was significantly increased compared

to that observed in the control cells. This suggested that the

increased expression of LC3B-II was due to the considerable

autophagosome formation rather than the inhibition of lysoso-

mal degradation. The same result was found by decreasing the

expression of P62 after ubenimex treatment. In addition, com-

bined treatment with ubenimex and 3-methyladenine (3-MA)

significantly increased the cell viability compared to that

found with ubenimex treatment alone, according to results

from the CCK-8 assay (Figure 4A and B). All the results

described above indicated that ubenimex could induce autop-

hagy-related cell death in GH3 and MMQ cells.

Ubenimex induces ROS generation and

activates the ROS/ERK pathway
The death-inducing capacity of many anticancer drugs is

related to the generation of reactive oxygen species (ROS).

Surplus ROS can induce oxidative stress damage to cells,

and intracellular ROS levels that exceed the maximum

threshold cause cell death.25 In this study, we determined

the level of ROS in ubenimex-treated GH3 and MMQ

cells with DCFH-DA probes using flow cytometric analy-

sis and images from fluorescence microscopy. The results

showed that ubenimex enhanced ROS generation in a

dose-dependent manner. In addition, pretreatment with

the ROS inhibitor N-acetyl-L-cysteine (NAC) significantly

attenuated the increase in ROS generation in GH3 and

MMQ cells (Figure 5A–C).

Accumulating evidence suggests that ROS could affect

factors in the MAPK pathway, including P38, N-terminal

kinase (JNK) and ERK.26 We detected the expression level

of p-ERK by Western blotting. After treatment with ube-

nimex (0.25 mg/mL) for different time intervals (0, 3 h,

6 h, 12 h, 24 h, and 48 h), the level of p-ERK was found to

significantly increase after the 12 hr treatment (Figure 6A).

To further detect the relationship between ROS and the

ERK pathway, the GH3 and MMQ cells were pretreated

with NAC for 2 hrs and then exposed to ubenimex. The

results showed that NAC eliminated the ubenimex-

mediated increase in ERK phosphorylation (Figure 6B).

Ubenimex induces apoptosis and

autophagic activity via ROS generation
To investigate whether ROS generation is involved in ubeni-

mex-induced cell death, we pretreated the GH3 and MMQ

cells with NAC (5 mM) for 2 hrs before ubenimex exposure.

The results showed that pretreatment with NAC increased

the viability of the GH3 and MMQ cells compared with

treatment with ubenimex alone, as determined by the CCK-

8 assay (Figure 4A, B). The apoptotic effects were detected

by flow cytometry, and the results showed that pretreatment

with NAC could alleviate ubenimex-induced apoptosis in the

GH3 and MMQ cells (Figure 7A–C). The results from the

Western blot analysis indicated that pretreatment with NAC

decreased the expression levels of LC3B-II in the GH3 and

MMQ cells (Figure 7D). In summary, these results revealed

that ROS generation induced by ubenimex mediated apopto-

sis and autophagic activity in GH3 and MMQ cells.

Figure 4 (A, B) CCK-8 proliferation assay of GH3 and MMQ cells was performed with different treatments (culture medium for 48 hrs, 0.25 mg/mL ubenimex for 48 hrs,

3-MA for 48 hrs, 0.25 mg/mL ubenimex and 3-MA for 48 hrs; pretreatment with NAC for 2 hrs followed by culture medium treatment for 48 hrs; pretreatment with NAC

for 2 hrs, followed by 0.25 mg/mL ubenimex treatment for 48 hrs; pretreatment with Z-VAD-FMK for 2 hrs followed by culture medium treatment for 48 hrs; and

pretreatment with Z-VAD-FMK for 2 hrs followed by 0.25mg/mL ubenimex treatment for 48 hrs). *Indicates significant differences (P<0.05) compared with untreated cells.

#Indicates significantly different (P<0.05) compared with ubenimex-treated (0.25 mg/mL) cells.
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Discussion
Previous reports have found that ubenimex shows cytotoxicity

and suppresses cell proliferation in leukaemia cell lines,27

glioma,28 malignant melanoma and bladder cancer.22,23 In

addition, ubenimex can also synergistically enhance the effi-

cacy of anticancer drugs in many human tumour-derived cell

lines, such as those from hepatocellular carcinoma and

osteosarcoma.29–31 And many clinical studies were performed

to investigate the therapeutic efficacy, survival benefit in acute

myeloid leukemia (AML) and lymphomas32 and many solid

cancers, for instance, in carcinoma of the lung,33 gastric,34

bladder35 and cervical.36 However, the effect of ubenimex on

pituitary adenoma is unknown. In our present study, we

exposed GH3 and MMQ cells to different doses of ubenimex

and then studied the effects on cell proliferation, apoptosis,

and autophagy and deduced the possible involved pathway.

The results clearly indicated that ubenimex could decrease cell

viability, induce apoptotic and autophagic cell death and acti-

vate the ERK pathway. All of these effects were due to ROS

generation.

Apoptosis, which is the most important cause of cell

death in all clinically relevant cell lines, plays an important

role in the mechanism of anticancer drugs. Five main

signalling pathways have been identified, and the intrinsic

pathway (referenced as the type II or mitochondrial path-

way) is of vital importance.37 Our results from the annexin

V-FITC/PI staining showed that the apoptotic population

of cells increased with increasing concentration; the results

Figure 5 Ubenimex induces ROS generation.

Notes: (A) Representative fluorescent pictures of the GH3 and MMQ cells after different treatments for 6 hrs and culture medium treatment as control. Scale bars =20 µm.

(B, C) The effects of increasing ubenimex concentration on intracellular ROS levels in the GH3 and MMQ cells by flow cytometry using DCFH-DA probes. Pretreatment

with antioxidant NAC followed by treatment with ubenimex (0.25 mg/mL) for 6 hrs reduced ROS levels. *P<0.05 versus the control group. #P<0.05 versus the ubenimex-

treated (0.25 mg/mL) group.
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from the Western blot analysis demonstrated that cleaved

caspase-3, cleaved caspase-9 and cleaved paep1 were

increased in this context.

In addition to apoptosis, autophagy, which is also

called type II programmed cell death, is also due to mito-

chondria dysfunction.38 Autophagy is a highly conserved

catabolic process that packages and traffics damaged orga-

nelles and unnecessary proteins to lysosomes for degrada-

tion, which helps to maintain cellular homeostasis.39

Currently, the role of autophagy in regulating or amelior-

ating cytotoxic effects through pro-death or pro-survival

pathways is debated. This controversy inspired us to inves-

tigate whether autophagy is involved in the ubenimex-

induced cell death of GH3 and MMQ cells. Autophagy is

often accompanied by the formation of autophagic vesicles

and the conversion of LC3B-I to LC3B-II. In our present

study, all the phenomena described above were clearly

shown in ubenimex-treated GH3 and MMQ cells by

TEM and Western blotting. Moreover, autophagic flux is

of vital importance in the successful degradation of autop-

hagic substrates via fusion of autophagosomes with lyso-

somes, where they undergo complete degradation.

SQSTM/P62, which is essential for cargo recognition and

for specific degradation at the later stages of autophagy, is

the hallmark of autophagic flux. Our present data showed

that P62 was downregulated in a dose-dependent manner

after GH3 and MMQ cells were exposed to ubenimex. The

autophagic flux was further confirmed by mRFP-GFP-LC3

adenovirus transfection. To illustrate the pro-death effect,

3-MA, which can interfere with the PI3KC3 signalling

pathway during the formation of autophagosomes, was

used. The results showed that pretreatment with 3-MA

partially alleviated GH3 and MMQ cell viability compared

with treatment with ubenimex alone. Consequently, we

concluded that ubenimex indeed played a key role in

inducing both apoptotic and autophagic cell death in the

GH3 and MMQ cells.

Previous studies have suggested that ROS represent

important signalling molecules that play a critical role in

the cytotoxicity induced by anticancer drugs. ROS accumu-

lation causes mitochondrial dysfunction, which in turn

induces apoptotic and autophagic cell death. It has been

demonstrated that apoptosis and autophagy, the two main

cellular death processes, are related to ROS generation.40,41

Ubenimex has been proven to increase intracellular ROS

levels by inhibiting APN/CD13 in hepatocellular carcinoma

cells.31,42 However, the role of ROS in ubenimex-induced

cell death in GH3 and MMQ cells remains unknown.

Consistent with previous studies, our results demonstrated

that ubenimex treatment could upregulate ROS generation

in GH3 and MMQ cells. To further test whether ROS

upregulation was related to the autophagy and apoptosis

induced by ubenimex treatment, NAC, an ROS scavenger,

was used before ubenimex treatment. The results showed

that NAC pretreatment could indeed alleviate ubenimex-

mediated autophagy and cell death, indicating that ROS

generation plays a key role in ubenimex-induced autophagy

and apoptosis.

In general, MAPKs, including ERK1/2, P38 and JNK,

have pleiotropic effects that help determine cell fate.

Figure 6 Ubenimex influences the expression of p-ERK in GH3 and MMQ cells through ROS generation.

Notes: (A) The levels of p-ERK and ERK in GH3 and MMQ after treatment for different times with ubenimex (0.25 mg/mL) as determined by Western blotting. (B) Effects
of ROS on the ubenimex-induced changes in p-ERK levels in the GH3 and MMQ cells. The cells were treated with ubenimex (0.25 mg/mL) for 48 hrs with or without NAC

pretreatment and culture medium treatment as control.
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Figure 7 Effects of ROS on ubenimex-induced apoptosis and autophagy in the GH3 and MMQ cells.

Notes: (A, B, C) The characteristics of apoptosis were detected by flow cytometry. The cells were treated with different concentrations (culture medium for 48 hrs,

pretreatment with NAC for 2 hrs and then with culture media for 48 hrs, 0.25 mg/mL ubenimex for 48 hrs, or pretreatment with NAC for 2 hrs and then 0.25 mg/mL

ubenimex for 48 hrs), and the proportion of apoptotic cells is shown. *P<0.05 versus the control group. #P<0.05 versus the ubenimex-treated (0.25 mg/mL) group. (D)

Representative result of ROS on ubenimex-induced autophagy as determined by Western blot analysis.
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Different portions of the MAPK pathway are diversely

regulated in different cells by ubenimex. Liang29 demon-

strated that ubenimex could decrease migration and inva-

sion in human osteosarcoma cells by decreasing the

phosphorylation of ERK1/2. However, in another study,

ubenimex showed its anti-leukaemic effect by inhibiting

the phosphorylation of P38.43 In addition, ubenimex

induced apoptosis and autophagic cell death, which was

accompanied by increased phosphorylation of JNK.23 In

our present study, we found that, as time passed, ERK1/2

was increasingly phosphorylated after ubenimex treatment.

To determine whether ROS were upstream of mediated

ERK1/2 phosphorylation, we pretreated the GH3 and

MMQ cells with NAC for 2 hrs. The results indicated

that the p-ERK1/2 levels were decreased compared to

those in cells that were treated with ubenimex alone.

Therefore, we concluded that the ROS/ERK1/2 pathway

played a role in ubenimex-mediated cell inhibition in the

GH3 and MMQ cells. However, the detailed mechanism

should be further investigated.

Conclusion
Our findings demonstrate that ubenimex can inhibit cell pro-

liferation and induce apoptosis and autophagy in GH3 and

MMQ cells, and these effects might be associated with the

activation of the ROS/ERK1/2 pathway. These novel findings

provide a new perspective for the possible use of ubenimex in

pituitary adenoma chemotherapeutic interventions.
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