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Abstract

AIM: To determine whether the human giant larvae
homolog 1 gene (Hugl-1/LIg1/Lgll) exerts tumor sup-
pressor effects in esophageal cancer.

METHODS: We constructed a Hugl-1 expression plasmid,
pEZ-M29-Hugl1, for gene transfection. We transfected
the pEZ-M29-Hugl1l plasmid into Ecal09 esophageal
cancer cell lines with Lipofectamine 2000 to overexpress
Hugl-1. Real-time reverse transcription-polymerase
chain reaction (RT-PCR) and Western blotting were
performed to determine the effects of the plasmid on
Hugl-1 expression. /n vitro cell proliferation and apop-
tosis were examined separately by cell counting Kit-8
(CCK-8) assay, flow cytometry, and Western blotting
before and after the transfection of the plasmid into
Ecal09 cells. Cell cycle distribution was assessed with
flow cytometry. The effect of Hugl-1 overexpressing on
tumor growth /n vivo was performed with a xenograft
tumor model in nude mice. Expression of Hugl-1 in xe-
nograft tumor was analyzed by immunohistochemistry.
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The transferase-mediated dUTP nick end-labeling (TU-
NEL) technique was performed to detect and quantitate
apoptotic cell.

RESULTS: The transfection efficiency was confirmed
with real-time RT-PCR and Western blotting. Our re-
sults show that compared with control groups the
mRNA levels and protein levels of Hugl-1 in pEZ-M29-
Hugl1-treated group were remarkably increased (P <
0.05). The CCK-8 assay demonstrated that the growth
of cells overexpressing Hugl-1 was significantly lower
than control cells. Cell cycle distribution showed there
was a Go/G: cell cycle arrest in cells overexpress-
ing Hugl-1 (64.09% = 3.14% vs 50.32% £ 4.60%,
64.09% =+ 3.14% vs 49.13% = 2.24%). Annexin
V-fluorescein isothiocyanate revealed that apoptosis
was significantly increased in cells overexpressing
Hugl-1 compared with control group (17.33% + 4.76%
vs 6.90% % 1.61%, 17.33% £ 4.76% vs 6.27% =
0.38%). Moreover, we found that Hugl-1 changes the
level of the anti-apoptotic protein Bcl-2 and the pro-
apoptotic protein Bax and the activation of both cas-
pase-3 and caspase-9. With a TUNEL assay, we found
that Hugl-1 markedly increased the apoptosis rate of
Eca109 cells /n vivo (60.50% % 9.11% vs 25.00% +
12.25%). It was shown that Hugl-1 represents a sig-
nificantly more effective tumor suppressor gene alone
in a xenograft tumor mouse model. This data suggest
that Hugl-1 inhibited tumor growth and induced cell
apoptosis /n vivo.

CONCLUSION: These results suggest that Hugl-1 in-
duces growth suppression and apoptosis in a human
esophageal squamous cell carcinoma cell line both /n
vitro and in vivo.

© 2013 Baishideng. All rights reserved.
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Core tip: In this paper, we constructed a plasmid to
express Hugl-1 which has significant homology to the
Drosophila tumor suppressor gene lethal giant larvae.
The human esophageal squamous cell carcinoma cell
line Ecal09 was used as the object of study. We found
a positive correlation between Hugl-1 expression and
cell apoptosis in Ecal09 cells both /n vitro and in vivo.
These data suggest that Hugl-1 is a tumor suppressor
gene in esophageal cancer and may provide a novel
target for the treatment of esophageal cancer patients.
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INTRODUCTION

Esophageal cancer has two major histological types:
squamous cell carcinoma (ESCC) and adenocarcinoma
(EAC)™. ESCC is one of the most frequently diagnosed
cancers in China". It has been well established that surgi-
cal treatment can prolong the survival time of cancer pa-
tients, yet the 5-year survival rate for ESCC after surgery
is still low (ranging 14%-22%)". Most esophageal cancers
are diagnosed in the advanced stagesm. Thus, detecting
gene alternations that promote the catcinogenesis pro-
cess leading to esophageal cancer will have a profound
impact on the diagnosis and treatment of the disease.
Lethal giant larvae (Igl), an evolutionarily conserved
and widely expressed cytoskeletal protein, is indispensable
for the establishment and maintenance of cell polarity
and is a regulator of cell proliferation®”. In Drosophila,
mutations in three neoplastic tumor suppressor genes,
discs large (dlg), scribble (scrib) and lgl, have revealed a
link between the regulation of cell polarity and cell pro-
liferation®"?. The human homologs of lgl are Hugl-1
(Llgll) and Llgl2. The Hugl-1 protein shares 62.5% simi-
larity with Tgl'". Several studies have shown that Hugl-1
transcripts are reduced or absent in a high proportion
of breast cancers, lung cancers, prostate cancers, ovat-

ian cancers, colorectal cancets, melanomas, endomettial
cancers and hepatocellular carcinomas'™ . These studies
have also shown that Hugl-1 may function as a tumor
suppressor gene in various cancer types. In ESCC tissue
samples, Hugl-1 is notably lower than in normal tissues™’;
however, the effect of Hugl-1 on tumor progression and
prognosis in ESCC is not clear.

In the present study, we analyzed Hugl-1 expression
in the esophageal carcinoma cell line Ecal09 as well as
in tissue samples. By using a forced overexpression tech-
nique, we explored the biological activity of Hugl-1 and
the undetlying mechanism 7 vitro and 7n vive. We demon-
strated that Hugl-1 inhibits proliferation in the esopha-
geal carcinoma cell line as well as in ESCC tissue samples
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and that it promotes apoptosis in esophageal carcinoma
cells and xenograft tumors through a mitochondria-
related pathway.

MATERIALS AND METHODS

Cells, cell culture

The human ESCC cell line, Ecal09, purchased from the
China Center for Type Culture Collection (Wuhan Prov-
ince, China) and cultured in RPMI-1640 medium (Gibco,
United States) containing 10% fetal bovine serum (Gibco,
United States), in a humidified atmosphere of 5% COz
at 37 C.

Plasmid construction and purification of cultured
Eca109 cells

Hugl-1 expression plasmids were constructed with
pEZ-M29 as the vector, Hugl-1 as the expression gene
and ampicillin resistance for antibiotic selection (Gene-
Copoeia, United States). An empty expression plasmid
of the same type was used as a control. Ecal09 cells were
seeded into a 6 cm dish at a density of 5 X 10° cells per
well and incubated overnight with 5% CO2 at 37 C. For
each transfection, 9 pl. of lipofectamine 2000 (Invitro-
gen, United States) and 3 pg of the Hugl-1 expression
plasmid were added to 1 mL of Opti-MEM (Invitrogen,
United States) and incubated for 5 min at room tempera-
ture. The diluted plasmid and lipofectamine were mixed
together and incubated for 30 min before adding them
directly to the cells. Ecal09 cells overexpressing Hugl-1
were grown in RPMI-1640 medium with 200 pug/mL of
G418 for stable clone selection.

Real-time RT-PCR

Total RNA was prepared from the Ecal09 cells with
TRIzol reagent (Invitrogen, United States) according to
the manufacturer’s protocol. First-strand cDNA was syn-
thesized using the PrimeScriptTM RT reagent kit (Takara,
Japan). The isolated RNA (1 pg) was used as template
to perform one-step RT-PCR according to the protocol,
and glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH) was used as an internal control. All reactions were
conducted in a 25 pl. volume.

Real-time RT-PCR was conducted on the resulting
cDNA with the SYBR Green method and the AB7500
Real-time RT-PCR system. The sequences of the primer
sets used were as follows: forward 5-AGAAGGCT-
GGGGCTCATTTG-3’ and reverse 5>-AGGGGC-
CATCCACAGTCTTC-3 for GAPDH (258 bp); forward
5-GCTGCTTCGATCCCTACAGTGAC-3’ and reverse
5-CGGCACATCCTAAGCTCCAG-3’ for Hugl-1 (131
bp). PCR was performed by initial denaturation at 95 C
for 30 s followed by 40 cycles of 5sat 95 C, 30 s at 60 'C
and 1 min at 72 C. The threshold cycle (Ct) values of
each sample were used in the 2% data analysis method.

Western blotting
Cells were harvested from 6-well culture plates, and
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aliquots of cell extracts were separated on an 8%-12%
SDS-polyacrylamide gel. The proteins were then trans-
ferred to a polyvinylidene difluoride membrane (Milli-
pore, United States) and incubated overnight at 4 ‘C with
the following rabbit polyclonal antibodies: anti-Hugl1
(ab39292, Abcam), anti-Bcl2 (SC-492, Santa Cruzc), anti-
Bax (5023, Cell Signaling), anti-p21 (2947, Cell Signaling),
anti-cyclin D1 (2978, Cell Signaling), anti-survivin (2808,
Cell Signaling), anti-caspase9 (9502, Cell Signaling), anti-
caspase3 (9662, Cell Signaling), anti-p65 (3037, Cell Sig-
naling), anti-p-p65 (3033, Cell Signaling) or anti-GAPDH
(2118, Cell Signaling).

The blots were rinsed three times in TBST and incu-
bated with a 1:10000 diluted goat-anti-rabbit secondary
antibody (LICOR, United States) conjugated to horserad-
ish peroxidase for 1 h at room temperature before they
were washed extensively with TBST. Finally, the mem-
branes were scanned with a two-color infrared imaging
system (Odyssey, LICOR, United States). Membranes
were also probed for GAPDH as an additional loading
control.

Cell proliferation analysis

Cells were seeded into 96-well plates at a density of 3000
cells per well 48 h after transfection. The effects of let-7a
on cell proliferation were examined with CCK-8 (Dojindo,
Japan) according to the manufacturer’s instruction 0, 24,
48, 72 and 96 h after seeding

Cell cycle analysis

Cell cycle analysis was performed with flow cytometry
(BD FACS Aria IIl, United States). Cultured cells were
harvested 48 h after transfection with pEZ-M29-eGFP
and pEZ-M29-Hugll, respectively, washed with ice-cold
phosphate buffered solution (PBS), and fixed in 70%
ethanol overnight at 4 C. After centrifugation at 500 X
g for 5 min at 4 C, the cell pellets were stained with 10
ug/mL propidium iodide (PI) and 10 pg/mL RNase A
in phosphate buffered saline (PBS) buffer for 20 min at
room temperature in the dark. Cell cycle analysis was pet-
formed with three independent experiments.

Flow cytometric analysis of apoptotic cells using
Annexin V-fluorescein isothiocyanate kit

The cultured cells were harvested after treatment with
pEZ-M29-eGFP and pEZ-M29-Hugll, respectively,
washed with ice-cold PBS and centrifuged for 5 min
at 500 X g at 4 'C. The supernatants were discarded,
and the cell pellets were resuspended in ice-cold bind-
ing buffer. Double staining with Annexin V-fluorescein
isothiocyanate (FITC) and PI was performed using the
Annexin V-FITC kit (Beyotime, China) according to the
manufacturer’s recommendations, and the cells were then

analyzed by FACS (BD FACS Aria III, United States).

Nude mice xenograft experiments
BALB/c nude mice (5-6 week old) were obtained from
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the Beijing HFK Experimental Animal Center and were
quarantined for one week before tumor implantation.
Animal welfare and experimental procedures were pet-
formed in strict accordance with guidelines. Mice were
randomly divided into two groups (six mice per group).
A xenograft tumor model was established by subcutane-
ously injecting either Hugl1-overexpressing cells or PBS-
treated cells (2 X 10° suspended in 0.1 mL of PBS into
the right flank of mice, and the tumor volume was mea-
sured every week until the mice were sacrificed. At the
end of the experiment (day 21), tumors were harvested
for additional analyses. Differences in tumor growth were
tested for statistical significance.

Immunohistochemistry analysis

The xenograft tumors were embedded in paraffin, cut
into 4 um sections, and either stained with hematoxylin
and eosin or treated with Hugl-1 antibody for immuno-
histochemical evaluation. The results were captured by
microscopy (Olympus, Japan).

Transferase-mediated dUTP nick end-labeling assay

The transferase-mediated dUTP nick end-labeling (TU-
NEL) technique was performed to detect and quantitate
apoptotic cell death using the in situ Cell Death Detec-
tion Kit (Roche, United States) according to the manu-
facturet’s instructions. Chamber slides were fixed with
4% paraformaldehyde and permeabilized in 0.1% Triton
X-100. The slides were then incubated with the TUNEL
reaction mixture for 1 h at 37 C. After the slides were
washed with PBS, they were incubated with peroxidase-
conjugated antibody for 30 min at 37 'C and were de-
veloped with the DAB system. A minimum of 3 fields
were randomly selected, and the total cells were counted
in each field to achieve a minimum number of 100 total
cells. Apoptotic rates (the number of apoptotic cells/to-
tal cells) were expressed as mean £ SD from different

fields.

Statistical analysis

The statistical analysis was petformed using SPSS soft-
ware (version 17.0 for Windows). Data were presented as
means + SD and comparisons were made using Student’s
# test. A probability of 0.05 or less was considered statis-
tically significant.

RESULTS

Overexpression of Hugl-1 in vitro

The eGFP was used as an marker to detect whether the
pEZ-M29-Hugl1 plasmid vectors were successfully trans-
duced 7 vitro. The transfection efficiency is shown in Fig-
ure 1A, in vitro approach to 60%.

To analyze the effect of pEZ-M29-Hugll on the ex-
pression of cancer genes, we assessed the mRINA levels
of Hugl-1 in the treated cells by Real-time RT-PCR. Our
results demonstrated that, compared with group 1 (PBS-
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Figure 1 Transfection with pEZ-M29-Hugl1 increased Hugl-1 expression and inhibited the proliferation in Eca109 cells. A: Fluorescent expression in Eca109
cells (x 200); B: Real-time reverse transcription-polymerase chain reaction data of Hugl-1 mRNA levels following transfection with pEZ-M29-Hugl1 plasmids (group 3),
pEZ-M29-eGFP (group 2), or treatment with phosphate buffered saline (PBS) (group 1); C: Western blotting data showing Hugl-1 protein expression levels following
pEZ-M29-Hugl1 transfection compared with control groups; D: The effect of Hugl-1 on cell proliferation was assessed by cell counting Kit-8. Results represent mean
values of three experiments and are indicated as mean + SD. °P < 0.05 vs the pEZ-M29-eGFP-treated and PBS-treated groups. GAPDH: Glyceraldehyde 3-phosphate
dehydrogenase.

treated), the mRNA levels of Hugl-1 in group 3 (pEZ-  Effect of Hugl-1expression on the proliferation of
M29-Hugl1-treated) were remarkably increased (P < Eca109 cells
0.05), but the mRNA levels in group 2 (pEZ-M29-eGFP- Cell proliferation assays were performed with the cell
treated) were not noticeably different (Figure 1B). counting Kit 8 assay 48 h after transfection. The prolif-
We next assessed the expression of Hugl-1 protein by eration of Ecal09 cells 48 h after being transfected with
Western blotting. The expression of Hugl-1 was consistent pEZ-M29-Hugll was slowet than that of the othet two
with results from real-time RT-PCR, and compared with group ~ control groups (P < 0.05). Therefore, Hugl-1 inhibited
1, the protein level of group 3 was increased (Figure 1C). the proliferation of Ecal09 cells (Figure 1D).
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Figure 2 Effect of Hugl-1 on cell cycle distribution of Eca109 cells in vitro. A: Cells were treated with pEZ-M29-Hugl1, pEZ-M29-eGFP or phosphate buffered
saline (PBS) for 48 h and were then prepared for fluorescence-activated cell sorting analysis; B: Data are presented as mean + SD of three independent experiments; C:
Western blotting data of p21 and cyclin D1 protein expression levels following transfection with pEZ-M29-Hugl1 or controls; D: Analysis of the expression of proteins.
°P < 0.05 vs the pEZ-M29-eGFP-treated and PBS-treated groups. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

Effect of Hugl-1 protein on the cell cycle of Eca109 cells
The mechanism underlying the inhibition of cell pro-
liferation in Ecal09 cells was investigated by analyzing
the cell cycle with FACS following pEZ-M29-Hugll
transfection. It was observed that Hugl-1 overexpression
arrested the cell cycle in the Gi phase (Figure 2A). The
pEZ-M29-Hugl1 transfected cells were found to contain
64.09% % 3.14% of cells in the Gi1 phase and 31.47% *
4.90% of cells in the S phase, whereas in the PBS-treated
group, 50.32% £ 4.60% of cells were in the G1 phase and
49.30% * 4.98% of cells were in the S phase (Figure 2B).
Thete was no difference between the group 3 and the
group 2 (49.13% £ 2.24% in the G1 phase and 43.47% *
2.09% in the S phase).

Figure 2C shows that cells overexpressing Hugl-1 ex-
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hibited down-regulation of cyclin D1 and up-regulation
of p21; these results suggest that the Go/Gu cell cycle at-
rest induced by Hugl-1 involved a reduced level of cyclin
D1 and an increased level of p21. The protein levels of
p21 was upregulated (1.83 £ 0.25 »5 0.64 £ 0.14, 1.83 *
0.25 »5 0.72 + 0.08, P < 0.05) and cyclin D1 was down-
regulated (0.61 * 0.18 25 1.33 = 0.12, 0.61 * 0.18 »s5 1.48
+ 0.15, P < 0.05) in the pEZ-M29-Hugll transfected
cells (Figure 2D).

Effect of Hugl-1 protein on Eca109 cell apoptosis

After transfection, cells were incubated with Annexin
V-FITC in a buffer containing PI and were then analyzed
by flow cytometry (Figure 3A). The results show that
group 3 had a higher apoptosis rate (17.33% £ 4.76%)
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Figure 3 Effect of Hugl-1 on apoptosis of Eca109 cells in vitro. A: Cells were treated for 48 h and were then processed for FACS by staining with Annexin V-flu-
orescein isothiocyanate (FITC) and propidium iodide (P1); B: After transfection with pEZ-M29-Hugl1, a significant number of cells were in an early state of apoptosis,
and a population of cells had progressed to a later stage of apoptosis; C: Up-regulation of Hugl-1 led to a change of the protein levels of p65, p-p65, Bax, Bcl-2, cas-
pase-3 and -9, survivin and c-myc among the three cell lines. All experiments were performed three times independently. °P < 0.05 vs the pEZ-M29-eGFP-treated and
phosphate buffered solution (PBS)-treated groups. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

compared with group 1 (6.90% £ 1.61%) (P < 0.05), and
as we expected, no difference was observed between the
apoptosis rates of group 1 and group 2 (6.27% * 0.38%)
(P > 0.05) (Figure 3B).

To identify the mechanisms that were affected by
Hugl-1 expression, Ecal09 cells expressing Hugl-1 were
analyzed by Western blotting for changes in the levels
of various cell-signaling proteins. Figure 3C shows that
phospho-p65 was essentially absent in Hugl-1-over-
expressing cells, but the total p65 level decreased only
slightly. These results suggest that Hugl-1 down-regulated
the nuclear factor kappa B (NF-kB) signaling pathway
through inhibition of TKKa,/B and p65 phosphorylation.

To establish that Hugl-1 induced apoptosis, we exam-
ined the activation of the classical caspases and the Bcl-2
family of proteins by Western blotting, Figure 3C shows
that Hugl-1 up-regulated the expression of Bax, of
cleaved caspase-3, and of cleaved caspase-9, and it down-
regulated Bcl-2, survivin, and c-myc expression. These
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results suggest that Hugl-1 induced apoptosis in Ecal09
cells through activation of the mitochondrial apoptotic
pathway.

Effect of Hugl-1 expression on xenograft tumor growth
To study the effect of Hugl-1 on tumor growth, nude
mice were inoculated with Hugl-1-overexpressing cells,
and the resulting tumor growth was compared to that in
a control group of mice injected with PBS-treated cells.
The difference in tumor growth between the two groups
of mice was statistically significant at P < 0.05. In the
control group, tumors displayed rapid and continued
outgrowth during the course of the experiment, and
the mean tumor volume was 1126.56 £ 141.70 mm’. In
contrast, the mean tumor size for the experimental group
was 606.03 + 22.49 mm’ (Figure 4A).

Hematoxylin and eosin staining revealed a significant
level of cell death in tumor tissues treated with the pEZ-
M29-Hugl1 plasmid compared to the control group (Fig-
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Figure 4 Effect of Hugl-1 on xenograft tumor in vivo. A: Cells were injected subcutaneously into nude mice, and with one group of mice receiving pEZ-M29-Hugl1-
treated cells and another receiving phosphate buffered saline (PBS). Tumor volume was measured at 7-d intervals for 21 d; B: Tumor sections were observed by
hematoxylin and eosin (HE) staining (x 400); C: Expression of Hugl-1 in tumor tissues was analyzed by immunohistochemistry. Many cells were strongly positive for
Hugl-1 in the pEZ-M29-Hugl1-treated tumor sections (x 400); D: Representative photomicrographs showing transferase-mediated dUTP nick end-labeling (TUNEL)
staining for evidence of apoptosis in transplantation tumors undergoing various treatments (x 400); E: Quantitative analysis of apoptotic cells in tumors treated with
PBS or pEZ-M29-Hugl1. Apoptotic cells, shown by TUNEL, were significantly increased in tumors treated with pEZ-M29-Hugl1. Data are presented as mean + SD (x
400).°P < 0.05 vs the pEZ-M29-eGFP-treated and PBS-treated groups.

ure 4B). As shown in Figure 4C, many cells were strongly number of cells in S-phase while increasing the number
positive for Hugl-1 in the pEZ-M29-Hugl1-treated tumor of cells in Go/Gi-phase, indicating a Go/G1 atrest. To
sections. Apoptotic cells in the tumor sections were ana- understand the mechanism by which Hugl-1 induces

lyzed by TUNEL staining (Figure 4D), which showed esophageal cancer apoptosis, we analyzed the expression
markedly more positive cells in the pEZ-M29-Hugl1- of p65, p-p65, Bcl-2, Bax, survivin, c-myc, cyclin D1,
treated group (60.50% % 9.11%) than in the PBS-treated p21, and caspase-3 and -9 between cells transfected with
group (25.00% * 12.25%) (Figure 4E). the Hugl-1-expressing plasmid and those transfected with
the control plasmid. Immunoblotting analysis revealed
that Hugl-1 overexpression significantly decreased the

DISCUSSION expression of p-p65, cyclin D1, Bcl-2, survivin, and c-myc
The oncogenesis of esophageal cancer involves accumu- and that it increased the expression of p21 and Bax. In
lated alternations of oncogenes, tumor suppresser genes addition, Hugl-1 significantly increased the expression
and other epigenetic regulations”*, Hugl-1 gene is one and activity of caspase-3 and caspase-9. More impoz-
of the tumor suppresser genes involved in tumor cell tantly, Hugl-1 potently suppressed the growth of Ecal09
proliferation. In this study, we reported that Hugl-1 was cells xenografted in nude mice by inducing cell apoptosis.
a potent anticancer gene for Ecal09 cells through induc- Cell cycle arrest and apoptosis are two main ways by

ing Go/Gr cell cycle arrest and apoptosis. We concluded which cell growth can be inhibited. In higher eukaryotes,
that up-regulation of Hugl-1 suppressed esophageal multiple cyclin-dependent kinases associate with multiple
cancer cell proliferation by CCK-8 assay. Flow cytom- cyclins to regulate cell cycle progression™, Cyclin D1,
etry showed that overexpression of Hugl-1 reduced the a member of the G cyclins, controls the cell cycle tran-
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sit from G1 to S phase[zs]. The activities of CDKs and
CDK/cyclin complexes are known to be regulated by the
CIP/KIP family member p21[2(’]. P21 is, in turn, under
transcriptional control of the tumor suppressor p53 and
is required for p53-dependent cell cycle arrest””. In this
study, we found that up-regulation of Hugl-1 in Ecal09
cells resulted in a Go/ G cell cycle arrest that was accom-
panied by down-regulation of cyclin D1 and up-regula-
tion of p21. These data suggest that the mechanism of
Hugl-1-induced cell cycle arrest involves down-regulation
of cyclin D1 and up-regulation of the CDK inhibitor
p21, causing inhibition of CDK activity.

Furthermore, the increase in Hugl-1 expression in-
duced down-regulation of the anti-apoptotic gene Bcl-2
and up-regulation of the pro-apoptotic gene Bax. The
central cast of players in the mitochondrial pathway of
programmed cell death is the extended Bcl-2 family of
proteins[zs’zg]. Therefore, the balance between the levels of
Bel-2 and Bax is critical in determining the fate of cells
in terms of survival or death™. Homo-oligomerization
of Bax leads to permeabilization of the mitochondrial
membrane and subsequent release of cytochrome C to
activate apoptosism. Bcl-2 interacts with Bax, preventing
its homo-oligomerization and, ultimately, apoptosism].
In this case, we found that Hugl-1 induced apoptosis in
Ecal09 cells, as evidenced by the inctease in Annexin
V-positive cells, the reduced cell proliferation, and the
changes in caspase activation. Currently, there are two
known pathways that activate the apoptotic caspase
cascade, the intrinsic (mitochondrial) and extrinsic path-
ways". Our results disclosed that the caspase-9-regulated
intrinsic pathway was involved in Hugl-1-induced cell
apoptosis. In Hugl-1-treated cells, we observed an in-
crease in the cleaved caspases-9 and caspases-3. These
results suggest that Hugl-1 induces apoptosis in Ecal09
cells through activation of the mitochondrial pathway.

Considerable evidence indicates that NF-kxB is
constitutively active in esophageal cancer and that its
activation is correlated with tumor progression””. The
relationship between the NF-kB signaling pathway and
tumor cell apoptosis has been extensively studied™. Tt
has been presumed that the NF-kB pathway was in-
volved in suppressing apoptosisBS‘. The NF-xB family
is composed of homodimers and heterodimers of the
Rel family of proteins, including p65 (RelA), c-Rel, RelB,
p52 and pSODGJ. The most abundant form of NF-kB is a
heterodimer with two subunits: p50 and p65. Our study
showed that phospho-p65 was essentially absent in Hugl-
1-overexpressing cells, but the total level of p65 was only
slightly reduced. It has been suggested that Hugl-1 down-
regulates the NF-kB signaling pathway through inhibition
of the IKKa/B and p65 phosphotylation.

In addition, in the nude mice xenografted with
Ecal09 cells, we found that up-regulation of Hugl-1
reduced tumor growth (606.03 + 22.49 mm’ 25 1126.56
+ 141.70 mm’). With a TUNEL assay, we found that
Hugl-1 markedly increased the apoptosis rate of Ecal09
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cells i vivo (60.50% £ 9.11% »s 25.00% £ 12.25%). Thus,
our results indicate that Hugl-1 may be a tumor suppres-
sor of esophageal cancer.

In summary, our study has demonstrated that Hugl-1
exerts tumor suppressor effects by inducing growth sup-
pression and apoptosis both 7z vitro and in vive. Go/Gu cell
cycle arrest induced by Hugl-1 occurs through a pathway
that is mediated by p53-dependent p21 and cyclin D1
and that apoptosis induced by Hugl-1 occurs through
the mitochondria pathway. The data presented here also
indicate that Hugl-1 interferes with cell proliferation by
affecting the NF-kB signaling pathway. The observa-
tions that Hugl-1 expression led to the loss of activated
IKKo /B and p65 suggest that Hugl-1 is a negative
regulator of NF-kB signaling. Mote importantly, Hugl-1
induced growth suppression and apoptosis in a human
esophageal carcinoma cell line 7z vivo. Taken together,
we show that Hugl-1 induces growth suppression and
apoptosis in a human esophageal squamous cell carci-
noma cell line both i vitro and in vive. These data suggest
that Hugl-1 may provide a novel target for treatment of
esophageal cancer patients.
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COMMENTS

Background

Esophageal squamous cell carcinoma (ESCC) is one of the most frequently
diagnosed cancers in China. Most esophageal cancers are diagnosed in the
advanced stages. Thus, detecting gene alternations that promote the carcino-
genesis process leading to esophageal cancer will have a profound impact on
the diagnosis and treatment of the disease. The human homologs of lethal giant
larvae (Igl) are Hugl-1 (LIgl1) and Ligl2. The Hugl-1 protein shares 62.5% simi-
larity with Igl. Several studies have shown that Hugl-1 transcripts are reduced or
absent in a high proportion of breast cancers, lung cancers, prostate cancers,
ovarian cancers, colorectal cancers and hepatocellular carcinomas. However,
the effect of Hugl-1 on tumor progression and prognosis in ESCC is not clear.
The authors aimed to determine whether the Hugl-1 exerts tumor suppressor
effects in esophageal cancer.

Research frontiers

Targeted molecular therapy is a new effective treatment for cancer including
esophageal cancer. Hugl-1 is a potential tumor suppressor in several cancers,
but the role of Hugl-1 remains controversial and its exact role in ESCC remains
unknown.

Innovations and breakthroughs

Authors constructed a Hugl-1 expression plasmid, pEZ-M29-Hugl1, for gene
transfection. Authors transfected the pEZ-M29-Hugl1 plasmid into Eca109
esophageal cancer cell lines to overexpress Hugl-1. The results showed that
overexpression of Hugl-1 could inhibit the growth of Eca109 cells and pro-
mote cell apoptosis, and modulate the expression of Bcl-2, Bax, caspase-3,
caspase-9, etc. Hugl-1 may serve as a potential therapeutic target in ESCC. It
suggested that Hugl-1 is a tumor suppressor and interact with the mitochondrial
pathway in ESCC.

Applications

The results showed that Hugl-1 is a tumor suppressor and interact with the mi-
tochondrial pathway in ESCC. It may contribute to the future research of ESCC
and be a promising target for therapeutic intervention in ESCC.
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Terminology

Lethal giant larvae homolog 1 (Human): This gene encodes a protein that is
similar to a tumor suppressor in Drosophila.

Peer review

The function of Hugl-1 as a tumor suppressor has been studied in other can-
cers, but not in ESCC. Thus authors examined the effects of Hugl-1 up-regula-
tion on cell growth and apoptosis in the ESCC cell line Eca109 and determined
the conclusion. This conclusion is meaningful in the sense characterized the
function of Hugl-1 in ESCC cells.
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