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Novel aminopeptidase N (APN/CD13) inhibitor 24F can suppress 
invasion of hepatocellular carcinoma cells as well as angiogenesis
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1. Introduction

Aminopeptidase N (APN), which is also known as 
CD13, is a membranous glycoprotein expressed in a 
variety of cells and tissues (1,2). Several studies have 
suggested that APN plays important roles in several 
biological events during cancer progression such as cell 
proliferation and invasion. For example, overexpression 
of APN is detected in solid tumors and the expression 
level is likely to correlate with tumor malignancy (3-6). 
In addition, Yoneda et al. reported that APN functions 
to degrade extracellular matrix and thereby promotes 
cancer cell invasion and metastasis (7). Therefore, 
inhibition of APN function would have a significant 
role in the development of cancer chemotherapeutic 
agents.
 Various natural  or  ar t i f ic ial ly-synthesized 
compounds with an ability to work as an inhibitor of 

APN have been developed (8). One well investigated 
APN inhibitor N-[(2S,3R)-3-amino-2-hydroxy-4-
phenylbutyryl]-L-leucine is named bestatin. Many 
researchers have analyzed the anti-cancer effects of 
bestatin and suggested that bestatin induced both the 
apoptotic effect in chronic myelogenous leukemia 
cells and the anti-angionic effect (9,10). In a recent 
study, Cui SX et al. developed a novel APN inhibitor 
named CIP13F that is a cyclic-imide peptidomimetic 
derivative and clarifi ed the usefulness of CIP13F as an 
anti-proliferative agent of human ovarian carcinoma 
cells (11,12). In parallel with the progression of that 
study, the research group of Xu WF also synthesized a 
new compound named 24F that is an hydroxamic acid 
derivative with a free amino group ((S)-2-amino-N-((S)-
1-(2-(hydroxyamino)-2-oxoethyl)-2,6-dioxopiperidin-
3-yl)-3-phenylpropanamide, Figure 1). 24F was found 
to react strongly with the APN molecule in vitro, 
inhibit its enzyme activity in the preliminary study 
and therefore it is expected that 24F can contribute to 
suppression of cancer progression via the inhibition of 
APN function.
 Hepatocellular carcinoma (HCC) is a common 
malignant disease, especially in eastern Asia. Various 
therapeutic strategies of HCC treatment including 
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surgical techniques and some noninvasive treatment 
methods have been developed to improve the outcome 
of HCC patients. Recently, a novel molecular targeted 
agent named sorafenib, a multikinase inhibitor, has 
been developed as a chemotherapeutic agent for HCC 
(13), but discovery of a chemotherapeutic agent for 
the treatment of HCC has not progressed quickly. This 
study analyzed the effectiveness of 24F on suppression 
of HCC progression.

2. Materials and Methods

2.1. Compound

The hydroxamic acid derivative 24F was synthesized 
as one of a series of cyclic-imide peptidomimetics with 
a free amino group using a 3D-QSAR model (11,12). 
In the present study, this compound was provided by 
Prof. Xu in China-Japan Cooperation Center for Drug 
Discovery & Screen, Shandong University (Shandong, 
China), and dissolved in phosphate-buffered saline 
(PBS) for in vitro studies.

2.2. Cell lines

HCC cell line HuH-7 and human promyelocytic 
leukemia cell line HL-60 were obtained from Health 
Science Research Resources Bank (HSRRB; Osaka, 
Japan). HuH-7 and HL-60 cells were maintained in 
Dulbecco's modified Eagle's medium (DMEM) and 
RPMI 1640 supplemented with 10% fetal bovine 
serum (FBS), respectively. These media and reagents 
were purchased from Invitrogen, Carlsbad, CA, USA. 
Human umbilical vein endothelial cells (HUVEC) 
were maintained in EGM-2 medium. These cells and 
media were purchased from Sanko Junyaku Co., Ltd., 
Tokyo, Japan.

2.3. Enzyme activity assay

APN activity was measured using a spectrophotometric 
method with L-leucine-p-nitroanilide (Peptide Institute 
Inc., Osaka, Japan) as a substrate of APN (14). 
Continuously-cultivated HL-60 cells were collected 
in test tubes and washed with PBS. Cells (5 × 105) 
were resuspended in 200 μL of PBS with 0-2.7 mM of 
24F and incubated at 37°C. APN enzyme activity was 
analyzed by measuring the absorbance at 405 nm using 
a micro-plate reader (Bio-Rad Laboratories) at 0, 15, 

30, and 60 min after 1.6 mM substrate was added.

2.4. Cell growth assay

Continuously-cultivated HuH-7 cells were harvested in 
tubes and resuspended in DMEM containing 10% FBS 
after washing with PBS. Cells were seeded in triplicate 
in 96-well plates at a density of 2 × 103 cells in 100 μL 
with 0-200 μg/mL of 24F and incubated for 3 to 5 days 
at 37°C in a 5% CO2 atmosphere. Cell viability was 
evaluated using a methylthiazole tetrazolium (MTT) 
cell proliferation assay kit in accordance with the 
manufacturer's instructions (Roche Diagnostics, Basel, 
Switzerland).

2.5. Invasion assay

The cell invasion assay was performed using a 
BIOCOAT Matrigel invasion chamber (Becton-
Dickinson, NJ, USA) according to the manufacturer's 
instructions. Continuously-cultivated HuH-7 cells were 
harvested and resuspended in serum-free medium, 
and then incubated for 24 h at 37°C in a 5% CO2 
atmosphere. The cells were harvested and resuspended 
at a density of 1 × 105 cells in 500 μL serum-free 
medium with 0-200 μg/mL of 24F. The cells were 
added to each chamber and allowed to invade the 
Matrigel for 48 h at 37°C in a 5% CO2 atmosphere. 
After Matrigel, cells that had not penetrated the fi lter 
were removed with cotton swabs, and cells that had 
migrated to the lower surface of the fi lter were stained 
with a Diff-Quick stain kit (Sysmex International 
Reagents, Hyogo, Japan). After washing with water, 
the chambers were allowed to air-dry. The number of 
invading cells were counted under a light microscope.

2.6. Tube formation assay

Cultured HUVECs were harvested and resuspended in 
EGM-2 medium with 0-200 μg/mL of 24F. Cells were 
incubated for 72 h at 37°C in a 5% CO2 atmosphere. 
After Matrigel-coated 24-well plates (Becton-
Dickinson) were incubated for 30 min at 37°C, the 
harvested HUVECs were seeded at a density of 5 × 104 
cells in 500 μL cultured medium with 0-200 μg/mL 
of 24F. After 15 h-incubation at 37°C in a 5% CO2 
atmosphere, the morphology of capillary-like structures 
was visualized using an inverted microscope (Olympus, 
Tokyo, Japan) and photographed.

3. Results and Discussion

The enzyme reaction assay was performed to confi rm 
whether newly-synthesized compound 24F can inhibit 
the activity of aminopeptidase that is expressed 
on the surface of cell membranes. HL-60 cells are 
positive for APN expression (15), and therefore this 
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Figure 1. Chemical structure of 24F.
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(10,18). Thus, our newly-synthesized compound 
24F was expected to suppress migration and tube 
formation of vascular endothelial cells via inhibition 
of APN activity. The result of the tube formation 
assay showed that the number of tube-like structures 
of HUVECs on the surface of Matrigel was decreased 

cell line is available to use as a positive control for 
detecting aminopeptidase activity. As a result, the 
aminopeptidase activity was inhibited in the presence 
of 24F in a dose-dependent manner (Figure 2A) and 
the inhibition rate of ΔA/min under the condition of 
0.27 mM (100 μg/mL) 24F was around 25% compared 
to the condition without 24F. In this analysis, IC50 of 
24F (the volume of 24F that displayed 50% inhibition 
of enzyme activity) was calculated to be 1.88 mM. 
Therefore, it was shown that the newly-synthesized 
compound 24F can be used as an aminopeptidase 
inhibitor.
 Next, the effect of 24F on HCC cell growth was 
analyzed using HuH-7 cells that were confirmed to 
have positive expression of APN by flowcytometric 
analysis (data not shown). HuH-7 cell growth was 
inhibited by incubation with 24F, but there was no 
significant difference in the inhibition rate between 
1-200 μg/mL of 24F. The inhibition rate of cell 
growth was 8.7% at a maximum which was detected 
in the sample incubated 120 h with 200 μg/mL 
of 24F. No acute cytotoxic effect was confirmed 
using microscopic observation in those analyzed 
concentrations of 24F. This result indicated that 24F 
might be workable as an anti-proliferative agent of 
HCC without acute cytotoxic effects, although a 
higher concentration of 24F than the inhibition of 
APN enzyme activity is required. Further analyses 
should be performed to clarify whether 24F can work 
as an anti-proliferative agent of other HCC cell lines 
using a shorter incubation period.
 Cell invasion is the essential event for cancer 
progression and metastasis (16). Therefore, for 
cancer therapy, inhibition of cancer cell invasion is 
an important strategy, along with inhibition of cancer 
cell growth. This study analyzed the effect of 24F on 
HuH-7 cell invasion by means of a Matrigel invasion 
chamber assay. Figure 2B displays typical photographs 
of stained cells that invaded Matrigel. The number 
of invading cells was significantly decreased in the 
presence of 100 μg/mL 24F (right panel) compared 
with that in non-treated cells (left panel). This result 
suggests that 24F has an ability to inhibit the invasion 
of HuH-7 cells, which displayed a 56% inhibition 
rate in the sample incubated with 100 μg/mL 24F. 
Previous studies showed that APN had an important 
role in the degradation of extracellular matrix and 
induced cancer cell invasion (7,17). Thus, 24F is 
suggested to suppress HCC cell invasion via inhibition 
of APN enzymatic reaction. Further studies should be 
performed to clarify the importance of APN in HCC 
cell invasion and the mechanism of the inhibitory 
effect of 24F.
 Moreover, we also examined the inhibitory effect 
of 24F on angiogenesis by using the in vitro method. 
Several studies clarified that inhibition of APN 
seemed to contribute to suppression of angiogenesis 

Figure 2. In vitro analyses of 24F. (A) Effect of 24F on the 
inhibition of APN enzyme activity. The absorbance, the level 
of enzyme reaction of APN, was decreased in samples with 
24F in a dose-dependent manner. (B) Staining of HuH-7 
cells that invaded Matrigel. The number of cells stained was 
decreased when incubating cells with 100 μg/mL of 24F 
(right) compared with incubating without 24F (left). Original 
magnification, ×200. (C) Typical example of tube-forming 
HUVECs on Matrigel. Tube formation was suppressed when 
incubating cells with 100 μg/mL of 24F (right) compared with 
incubating without 24F (left). Original magnifi cation, ×40.
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by incubating HUVECs with 100 μg/mL 24F (Figure 
2C). Therefore, this result indicated that migration 
and tube formation of vascular endothelial cell can 
be inhibited by incubation with 24F. Additionally, in 
this analysis, HUVECs were incubated with 24F for 
72 h before examination of the tube formation assay 
and there was no significant effect in the analysis 
without this incubation. Thus, it was suggested 
that persistent incubation with 24F has an ability to 
suppress angiogenesis by inhibiting the molecular 
mechanism of migration and tube formation of 
vascular endothelial cells. The mechanism of this 
inhibitory effect, however, seemed to be complex 
because the exact role of APN in angiogenesis is 
still unclear despite development of APN inhibitors 
which have an inhibitory effect on angiogenesis. Shim 
JS et al. clarified using DNA microarray analysis 
that their developed APN inhibitor affected the 
regulation of several angiogenesis-related genes in 
human fibrosarcoma cells (19). In subsequent study, 
alteration of expression of angiogenic factors in 
vascular endothelial cells should be examined in order 
to estimate the influence of 24F on the angiogenic 
pathway.
 This study was performed with the aim of 
evaluating the effectiveness of the novel APN inhibitor 
24F as an anti-cancer chemotherapeutic agent. The 
results clarifi ed that 24F had an ability to inhibit HCC 
cell growth. Furthermore, several researchers showed 
that inhibition of APN activity can induce apoptosis in 
cancer cells (9). Thus, it is suggested that suppression 
of HCC cell growth by incubation with 24F is the 
result of the induction of apoptosis. Further study 
is required to clarify the mechanism of inhibition 
of HCC cell growth by 24F and its relation with 
apoptosis.
 In conclusion, our newly-developed compound 
24F can inhibit the activity of the targeted enzyme 
APN and suppress the invasive capacity of HCC 
cells. Furthermore, it was also suggested that 24F 
functions to suppress the angiogenic phenomenon of 
vascular endothelial cells, which are essential events 
for cancer progression. Novel APN inhibitor 24F is 
expected to work as a multi-functional anti-cancer 
chemotherapeutic agent.
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