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Abstract. Adhesion regulating molecule 1 (ADRM1), a 19S 
proteasome cap-associated protein, and nuclear factor kappa B 
(NF-κB), a protein transcription factor controlling DNA 
transcription, may play an important role in tumorigenesis. 
Overexpression of ADRM1 and activation of NF-κB are well-
observed in hepatocellular carcinoma (HCC). However, little is 
known about whether both are functionally connected during 
hepatocarcinogenesis, and the mechanisms involved. In this 
study, using laboratory techniques including short hairpin RNA 
(shRNA)-mediated knockdown, immunohistochemistry (IHC), 
both semi-quantitative and real-time RT-PCR, western blotting, 
MTT assay, transwell assay, flow cytometry and electrophoretic 
mobility shift assay (EMSA), the expression of ADRM1, the 
effects of ADRM1 knockdown on NF-κB activity, as well as the 
biological behavior of HCC cells including proliferation, migra-
tion, invasion and apoptosis were investigated in the samples from 
HCC patients and HCC cell lines. We found that both mRNA 
and protein levels of ADRM1 were increased in HCC tissues and 
that this increase in ADRM1 expression was parallel to the meta-
static potential of HCC cell lines. After ADRM1 knockdown in 
MHCC97-H cells, the expression of IκB-α was increased and 
the NF-κB activity was reduced. Furthermore, ADRM1 knock-
down inhibited MHCC97-H cell proliferation and induced cell 
apoptosis, and the migration and invasion of MHCC97-H cells 
were significantly repressed. These results indicate that there is 
a clear functional connection between ADRM1 and NF-κB in 
hepatocarcinogenesis, despite the precise mechanisms through 
which the two work together still being unknown.

Introduction

Adhesion-regulating molecule 1 (ADRM1), a 19S proteasome 
cap-associated protein that recruits the deubiquitinating enzyme 
UCH37 to the 26S proteasome (1-4), has been recognized as 
a novel ubiquitin receptor (5). ADRM1 is widely involved in 
cell biological processes such as differentiation, migration, and 
adhesion (6-8). It is crucial for spermatogenesis and oogenesis in 
mammals (9). Accumulating evidence has suggested that ADRM1 
may hold an important role in tumorigenesis as well. Studies show 
that ADRM1 is commonly overexpressed in tumors of different 
sources including liver, lung, colon, bladder, kidney, stomach and 
ovary (10,11). ADRM1 is also identified as an amplification target 
in ovarian cancer, and its overexpression is significantly associated 
with earlier recurrence and worse survival (12).

Nuclear factor kappa B (NF-κB), which is a protein tran-
scription factor controlling DNA transcription, plays a key role 
in immune response and is involved in tumorigenesis of many 
types of cancer (13-15). In quiescent cells, NF-κB normally stays 
in an inactive form in the cytoplasm by interacting with inhibi-
tors of κB (IκBs) that mask its nuclear localization sequence 
(16). Under some pathological conditions, such as cancer, aber-
rant constitutive NF-κB activation occurs. This abnormality 
is mainly attributed to malfunction of IκB-α (15). Persistent 
NF-κB activation has been observed in hepatocellular carci-
noma (HCC) (16-18). It has been regarded as an important step 
in hepatocarcinogenesis (19,20). However, whether ADRM1 has 
any functional connections with NF-κB/IκB as regards hepato-
carcinogenesis is still poorly known.

In this study, using the samples from HCC patients and HCC 
cell lines, the expressions of ADRM1, the effects of ADRM1 
knockdown on NF-κB activity, as well as the biological behavior 
of HCC cells, including proliferation, migration, invasion and 
apoptosis, were investigated collectively, which would help 
obtain further insight into the role of ADRM1 and NF-κB/IκB 
in the pathogenesis of HCC.

Materials and methods

Human HCC samples. Specimens of HCC tissues and their 
adjacent non-tumor liver tissues were obtained from 68 primary 
HCC patients who underwent hepatectomy at our department 
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from November 2010 to May 2011. None of the patients had 
received either chemotherapy or radiotherapy before surgery, 
and their diagnoses were confirmed by histological examina-
tions. The clinicopathologic features of these patients are shown 
in Table I. All of the 68 samples were analyzed by immunohis-
tochemical assays. Among them, specimens from 30 cases were 
collected, immediately frozen in liquid nitrogen, and stored at 
-80˚C for quantitative real-time RT-PCR analysis. The study 
protocol was approved by the Human Ethics Review Committee 
of Central South University and a prior informed consent was 
obtained from each patient for the collection of liver specimens. 
All specimens were handled and made anonymous according to 
the ethical and legal standards.

Cell culture. Hep3B cells were purchased from American Type 
Culture Collection (ATCC, USA). MHCC97-L and MHCC97-H 
cells were obtained from the Liver Cancer Institute of Fudan 
University (Shanghai, China). Cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM) containing 10% fetal bovine 
serum at 37˚C in a humidified atmosphere containing 5% CO2.

RNA isolation and semi-quantitative RT-PCR. The mRNA 
expression levels of ADRM1 in Hep3B, MHCC97-L and 
MHCC97-H cells were examined by RT-PCR. Total RNA was 
isolated from tissue specimens and HCC cell lines using TRIzol 
reagent (Invitrogen, USA) according to the manufacturer's 
instructions. The quality of RNA was verified by the OD260/
OD280 ratio. First-strand cDNA was synthesized from 2 µg 
of total RNA using oligo(dT)18 primer and the RevertAid™ H 
Minus First Strand cDNA Synthesis kit (Fermentas, Canada). 
Semi-quantitative RT-PCR was performed using the PCR Master 
Mix (2X) (Fermentas, USA) according to the manufacturer's 
protocols. The following primers were used: ADRM1 (expected 
fragment size 164 bp), 5'-AAGTACTTGGTGGAGTTTCG-3' 
(forward), and 5'-ATGATCAAGTCGTCTTCCAC-3' (reverse); 
GAPDH (expected fragment size 450 bp), 5'-ACCACAGTCCAT 
GCCATCAC-3' (forward), and 5'-TCCACCACCCTGTTGC 
TGTA-3' (reverse). The PCR program consisted of an initial 
denaturation step (95˚C for 5 min), followed by 40 cycles of 
amplification (denaturation at 94˚C for 30 sec, primer annealing 
at 55˚C for 30 sec, product elongation at 72˚C for 30 sec), and 
a termination step (72˚C for 5 min). The amplified products 
were electrophoresed on 2% agarose gels and visualized by 
ethidium bromide staining. The gel optical density analysis 
software (Gel-Pro 4.0) was used to scan and calculate integral 
optical density (IOD) of strips. The relative mRNA expressions 
of ADRM1 were represented as a ratio of ADRM1-IOD and 
GAPDH-IOD.

Real-time RT-PCR. ADRM1 mRNA expressions in 30 pairs of 
HCC tissues and adjacent non-tumor liver tissues were evaluated 
by real-time RT-PCR. The reactions were performed using the 
Green PCR Master Mix (Applied Biosystems, USA) on a 
7900HT Fast Real-Time PCR System (Applied Biosystems). 
RNA isolation and cDNA synthesis were the same as mentioned 
above. The following primers were used: ADRM1, 5'-AAGTACT 
TGGTGGAGTTTCG-3' (forward), and 5'-ATGATCAAGTCG 
TCTTCCAC-3' (reverse); GAPDH, 5'-CAATGACCCCTTCAT 
TGACC-3' (forward), and 5'-GACAAGCTTCCCGTTCTCAG-3' 
(reverse). The real-time PCR program consisted of an initial 

denaturation step (95˚C for 5 min) and 40 cycles of amplification 
(denaturation at 94˚C for 20 sec, primer annealing at 59˚C for 
20 sec and product elongation at 72˚C for 20 sec). The specificity 
of amplified products was checked by melting curve analysis. 
Data were calculated with the 2-∆∆Ct method, which is a conve-

Table I. Relationship between ADRM1 expression and clinico-
pathological parameters in HCC tissues.

	 Expression of ADRM1
	 ---------------------------------------------------------------------------
Parameter	 No. of cases	 Low	 High	 P-value

Age
	≥60 years	 36	 17	 19	 NS
	<60 years	 32	 18	 14

Gender
	Male	 56	 29	 27	 NS
	Female	  12	   6	   6
 
Tumor size
	≤5 cm	 30	 12	 18	 NS
	>5 cm	  38	 23	 15

Histologic grade
	Well/mod	 41	 24	 17	 NS
	Poor	 27	 11	 16

AFP
	≤400 ng/ml	 33	 17	 16	 NS
	>400 ng/ml	 35	 18	 17

HBsAg
	Negative	 14	   6	   8	 NS
	Positive	 54	 29	 25

No. of tumors
	Solitary	 42	 19	 23	 NS
	Multiple	 26	 16	 10

Capsular formation
	Yes	 52	 25	 27	 NS
	No	 16 	 10	   6

Liver cirrhosis
	Yes	 49	 27	 22	 NS
	No	 19	   8	 11

Venous invasion
	Yes	 14	   2	 12	 0.002
	No	 54	 33	 21

NS, not significant; well, well differentiated; mod, moderately differen-
tiated; poor, poorly differentiated.
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nient way to analyze the relative changes in gene expression from 
real-time RT-PCR (21,22), and expressed as relative expression 
(RQ value) of transcripts normalized to GAPDH.

Immunohistochemistry. Immunohistochemistry (IHC) was 
performed on deparaffinized and rehydrated formalin-fixed 
paraffin sections to determine the protein expression of ADRM1 
in 68 cases of HCC tissues and adjacent non-tumor liver tissues. 
Antigen retrieval was carried out by immersing the sections 
in the citrate buffer (pH 6.0) and heating them at 100˚C in a 
microwave oven for 6x2 min. Endogenous peroxidase activity 
was blocked by incubating the sections in methanol containing 
0.3% hydrogen peroxide for 10 min. After pretreatment with 
10% normal goat serum, the slides were incubated with primary 
antibody against ADRM1 (1:100 dilution; Proteintech Group, 
Chicago, IL, USA) at 4˚C overnight, and subsequently, with 
HRP-conjugated secondary antibody at room temperature for 
1 h. Sections were then stained with 3,3'-diaminobenizidine, 
counterstained with hematoxylin, dehydrated, and mounted 
in Permount. As a negative control, PBS was used instead of 
the primary antibody. Immunoreactivity was evaluated inde-
pendently by two observers, who were blinded to the patients' 
clinicopathologic data. The staining intensities were scored as: 
none, weak, moderate, and strong, as previously described (12). 
Discrepancies were rechecked and final decisions were reached 
by consensus. For statistical analysis, ADRM1 expression was 
classified into two groups: low expression was defined as none 
or weak staining, and high expression was defined as moderate 
or strong staining.

Western blot analysis. Cells were harvested, washed with cold 
PBS and then lysed by incubating with the cell lysis buffer 
(Beyotime, China) for 30 min on ice. Cell lysates were cleared 
by centrifugation and supernatant was collected. Nuclear protein 
extracts were prepared with the NucBuster™ Protein Exaction 
kit (Merck Biosciences, Germany) according to the manufac-
turer's protocols. Protein concentration was determined by using 
a BCA kit (Beyotime, China). To evaluate the protein expression 
of ADRM1, IκB-α and nuclear NF-κB p65 in HCC cells, Western 
blot assays were performed. Equal amounts of proteins that were 
obtained from whole cell lysis or nuclear extracts were resolved 
by 10% SDS-PAGE, and transferred to PVDF membranes 
(Pierce Biotechnology, USA). The membranes were blocked 
with 5% non-fat dry milk in PBS (37˚C for 2 h), and incubated 
with primary antibodies as follows: rabbit polyclonal ADRM1 
antibody (1:300 dilution; Proteintech Group), rabbit polyclonal 
IκB-α antibody (1:500 dilution; Santa Cruz Biotechnology, 
Santa Cruz, USA), rabbit polyclonal NF-κB p65 antibody 
(1:500 dilution; Cell Signaling Technology, Beverly, MA, USA), 
rabbit monoclonal GAPDH antibody (1:1000 dilution; Cell 
Signaling Technology, Danvers, MA, USA) and rabbit poly-
clonal histone H2A.X antibody (1:400 dilution, Cell Signaling 
Technology, Beverly, MA, USA) at 4˚C overnight. After washing, 
the membranes were incubated with HRP-conjugated secondary 
antibodies (goat anti-rabbit IgG, 1:5000 dilution; Santa Cruz 
Biotechnology) and the immunolabeled proteins were detected 
by enhanced chemiluminescence (ECL). The film was scanned, 
and the image was analyzed with Gel-Pro 4.0. The relative levels 
of target protein were represented as the ratio of target protein-
IOD and GAPDH-IOD (for ADRM1 and IκB-α from whole 

cell lysis) or histone H2A.X-IOD (for NF-κB p65 from nuclear 
extracts).

Construction of short hairpin RNA (shRNA) expression plas-
mids. Specific sequences used to knock down ADRM1 and a 
scrambled sequence used as negative control (shNC) were 
synthesized by GenePharma Corp. (Shanghai, China), and were 
subcloned into pGPU6/GFP/Neo-shRNA expression vectors 
(Genepharma, China). BLAST analysis indicated that none of 
these sequences have any homology with other human genes. 
The sequences of the oligonucleotides were as follows (the 
underlined sequence targeting ADRM1, the bold letters indi-
cating the loop sequence): ADRM1-204 (nt204-224); sense 
5'-CACCGGAAAGGGCTGGTGTACATTCTTCAAGAGA 
GAATGTACACCAGCCCTTTCCTTTTTTG-3', antisense 
5'-GATCCAAAAAAGGAAAGGGCTGGTGTACATTCTCT 
CTTGAAGAATGTACACCAGCCCTTTCC-3'. ADRM1-351 
(nt351-371); sense 5'-CACCGGGTCTACGTGCTGAAGTTCA 
TTCAAGAGATGAACTTCAGCACGTAGACCCTTTTTT 
G-3', antisense 5'-GATCCAAAAAAGGGTCTACGTGCTGA 
AGTTCATCTCTTGAATGAACTTCAGCACGTAGACCC-3'. 
ADRM1-1046 (nt1046-1066); sense 5'-CACCGCGGATGAG 
ATCCAGAATACCTTCAAGAGAGGTATTCTGGATCTCA 
TCCGCTTTTTTG-3', antisense 5'-GATCCAAAAAAGCGG 
ATGAGATCCAGAATACCTCTCTTGAAGGTATTCTGG 
ATCTCATCCGC-3'. shNC; sense 5'-CACCGTTCTCCGA 
ACGTGTCACGTCAAGAGATTACGTGACACGTTCGGAG  
AATTTTTTG-3', antisense 5'-GATCCAAAAAATTCTCCG 
AACGTGTCACGTAATCTCTTGACGTGACACGTTCGGA 
GAAC-3'. The 5' ends of the sense and antisense templates were 
compatible with the overhang regions generated by digesting 
the pGPU6/GFP/Neo-shRNA vector with restriction enzymes 
BbsI and BamHI. The T6 sequence served as a termination 
signal. The recombinant plasmids were identified by sequencing 
(Invitrogen Biotechnology, China).

Transfection of the shRNA expression plasmids. For transient 
transfection, MHCC97-H cells were placed into 6-well culture 
plates at a concentration of 5x104 cells per well and incubated 
overnight. Cells were transfected using Lipofectamine 2000 
reagent (Invitrogen, USA) according to the manufacturer's 
instructions. Forty-eight hours after transfection, real-time 
RT-PCR and Western blot were conducted to evaluate the effi-
ciency of ADRM1 knockdown.

MTT assay. Cell proliferation was assessed by MTT assay. 
In brief, cells were harvested and seeded in a 96-well plate 
(1x104 cells per well), then, transfected with shRNA expres-
sion plasmids and were allowed to grow for 24, 48 and 72 h at 
37˚C with 5% CO2. MTT (Keygen, China) and DMSO were 
then added, and the absorbance at 570 nm was measured with 
a model 680 microtiter plate reader (Bio-Rad, USA). The MTT 
assays were performed in triplicate. Cell growth curves were 
calculated as mean values for each group.

Apoptosis analysis by flow cytometry. Cell apoptosis was 
assessed by flow cytometry using an annexin V-FITC/propidium 
iodide (PI) apoptosis detection kit (Keygen, China). Briefly, cells 
were trypsinized, washed, re-suspended in a binding buffer at a 
concentration of 1x106 cells/ml, and then stained with annexin-V 
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and PI. After incubation for 15 min at room temperature in the 
dark, cells were analyzed by flow cytometry with FACS Aria 
(BD Biosciences, USA). Assays were replicated three times. 
Cells that were annexin-V-positive and PI-negative were consid-
ered as early apoptotic while annexin V-positive and PI-positive 
ones were classified as late apoptotic cells (23).

In vitro invasion and migration assays. Invasion assays were 
performed using transwell chambers (Corning, USA, pore size 
8 µm) coated with matrigel (BD Biotechnology, USA). Forty-eight 
hours after transfection, the cells were suspended in serum-free 
medium containing 5% BSA at a density of 5x104/ml. Then the 
cell suspension (2 ml) was added into the upper compartment of 
the transwell, and the lower chamber was filled with 10% FBS 
medium. After 24 h of incubation, cells were fixed with 95% 
ethanol and stained with hematoxylin-eosin. Invading cells were 
counted from five randomly selected fields (at magnification 
x250). Migration assays were conducted as described above but 
without matrigel. Three independent experiments were done for 
each assay.

Electrophoretic mobility shift assay (EMSA). To detect the 
DNA-binding activity of NF-κB, EMSA was performed with a 
LightShift Chemiluminescent EMSA kit (Pierce). A double-
stranded NF-κB probe (sense sequence: 5'-AGTTGAGGGGACT 
TTCCCAGGC-3') was purchased from Beyotime Biotechnology 
(Haimen, China). The biotin-labeled probe (0.5 µl) was incubated 
with 10 µg nuclear protein extracts in a binding buffer. The reac-
tion mixture was separated on a 0.5X TBE polyacrylamide gel, 
transferred to a nylon membrane (Amersham Biosciences, 
Sweden), and then UV cross-linked. Signals were detected by 
streptavidin-HRP conjugate. Labeled probe without protein was 
used as a negative control, and HeLa cell nuclear extracts served 
as a positive control.

Statistical analysis. Statistical analysis was performed with 
SPSS version 13.0 (SPSS Inc., Chicago, IL, USA). Data were 
expressed as mean ± SD. The correlation between ADRM1 
expression and clinicopathological variable was analyzed by 
χ2 test. Differences between two groups were evaluated by t-test. 
Differences between multiple groups were assessed by one-way 
ANOVA test. P<0.05 was considered statistically significant.

Results

ADRM1 expression was up-regulated in HCC. Compared to 
matched non-tumor liver tissues, ADRM1 mRNA expression 
levels in HCC tissues were significantly elevated (Fig. 1A, 
P<0.05). To further investigate the properties of ADRM1 expres-
sion in HCC, we performed IHC analysis on a series of 68 HCC 
tissues and adjacent non-tumor liver tissues. Positive labeling 
for ADRM1 was localized mainly in the nucleus, and partially 
in the surrounding cytoplasm (Fig. 1B). The high expression of 
ADRM1 was more frequently detected in HCC tissues (33/68, 
49%) than in adjacent non-tumor liver tissues (6/68, 9%). Positive 
correlations between ADRM1 expression and venous invasion 
was also observed (Table I, P=0.002).

ADRM1 expression was up-regulated corresponding to the 
metastatic potential of HCC cell lines. RT-PCR and Western 

blot analyses were performed for detecting the expression levels 
of ADRM1 in Hep3B, MHCC97-L and MHCC97-H cells, which 
have non-, high and higher metastatic capacities, respectively 
(24). Results showed that both ADRM1 mRNA and protein 
levels increased stepwise in accordance with their metastatic 
potential (Fig. 2A and B). To test whether suppressing ADRM1 
in HCC cells could reduce their oncogenic potential, shRNA-
mediated ADRM1 knockdown was performed in MHCC97-H 
cells that expressed the highest level of ADRM1. Real-time 
RT-PCR analysis showed that all three of the ADRM1 shRNA 
plasmids (namely, pGPU6/GFP/Neo-ADRM1-204, pGPU6/
GFP/Neo-ADRM1-351 and pGPU6/GFP/Neo-ADRM1-1046) 
down-regulated ADRM1 mRNA, while the plasmid pGPU6/
GFP/Neo-ADRM1-351 caused the greatest reduction of ADRM1 
mRNA level (Fig. 2C). Western blot analysis consistently 
demonstrated that this plasmid significantly suppressed ADRM1 
protein expression (Fig. 2D). Thereby, the plasmid pGPU6/GFP/
Neo-ADRM1-351 was selected for subsequent experiments.

Knockdown of ADRM1 suppressed proliferation, invasion and 
migration of MHCC97-H cells and induced cell apoptosis. At 
48 and 72 h after transfection, the ADRM1 shRNA-transfected 
cells had a significantly reduced proliferation level compared 
with the untransfected cells (Fig. 3, P<0.05). The number of 
migrated cells decreased significantly in the ADRM1 shRNA-
transfected cells (Fig. 4A, P<0.05). ADRM1 knockdown also 
significantly reduced the number of invading cells (Fig. 4B, 
P<0.05). No significant differences between the untransfected 
and shNC-transfected cells were observed.

The percentage of early apoptotic cells and late apoptotic 
ones was significantly increased in the ADRM1 knockdown 

Figure 1. Expression of ADRM1 in primary HCC. (A) ADRM1 mRNA levels in 
30 human HCC tissues and their matched non-tumor liver tissues were evaluated 
by real-time RT-PCR. ADRM1 mRNA levels in HCC tissues were significantly 
elevated compared with non-tumor liver tissues (*P<0.05 vs non-tumor tissue). 
(B) Representative immunostaining images for ADRM1 in human HCC tissues 
and adjacent non-tumor liver tissues (at magnification x200).



ONCOLOGY REPORTS  28:  283-290,  2012 287

group (Fig. 5, P<0.05). Again, no significant difference was 
observed between the untransfected and shNC-transfected cells.

ADRM1 was responsible for increased NF-κB activity in HCC 
cells. To explore the relationship between ADRM1 and NF-κB, 
we first analyzed protein levels of nuclear NF-κB p65 and IκB-α 
in Hep3B, MHCC97-L and MHCC97-H cells. Western blot 
analysis revealed that nuclear p65 expression increased in these 
3 cell lines, following the pattern of their ADRM1 levels, with 
Hep3B having the lowest, and MHCC97-H the highest nuclear 

p65 levels. In contrast, IκB-α expression showed an opposite 
tendency (Fig. 6A). ADRM1 knockdown by ADRM1 shRNA 
transfection of MHCC97-H cells inhibited nuclear p65 expres-
sion; on the contrary, IκB-α expression was elevated (Fig. 6B). 
Furthermore, EMSA assay showed that the DNA-binding 
activity of NF-κB in MHCC97-H cells was reduced by ADRM1 
knockdown (Fig. 6C).

Discussion

Although ADRM1 may be tumorigenic, more details regarding 
its roles in the cell biology of HCC are still required. In this study, 
we confirmed that both mRNA and protein levels of ADRM1 
were significantly higher in HCC tissues than in non-tumor liver 
tissues. That is in line with another report (10). A positive corre-
lation between ADRM1 expression in HCC tissues and venous 
invasion of HCC, which was checked by clinical pathology, was 
also found in this study. Similar results were found in vitro, in 
which ADRM1 expression was increased in parallel with the 
metastatic potential of HCC cell lines. Furthermore, by knock-
down of ADRM1 using RNA interference technology, we found 
that suppression of ADRM1 expression inhibited MHCC97-H 
cell proliferation and induced cell apoptosis, and the migration 
and invasion of MHCC97-H cells were significantly repressed. 
These findings imply that overexpression of ADRM1 may 
represent a metastatic character, and plays an oncogenic role in 
the progression of HCC. Likewise, ADRM1 overexpression has 
been found significantly related to metastasis of breast carci-
noma cells (6), ovarian cancer (12) and colorectal cancer (25). 

Figure 2. ADRM1 expression in HCC cell lines and the suppression by shRNA. (A) RT-PCR analysis of ADRM1 mRNA levels. (B) Western blot analysis of 
ARDM1 protein levels. (C) ADRM1 mRNA levels in untransfected and transfected MHCC97-H cells, as evaluated by real-time RT-PCR. The plasmid pGPU6/
GFP/Neo-ADRM1-351 showed the most efficient suppression of ADRM1 mRNA. *P<0.05 vs all the others. (D) Western blot analysis confirmed that the plasmid 
pGPU6/GFP/Neo-ADRM1-351 down-regulated ADRM1 protein expression in MHCC97-H cells.

Figure 3. Inhibitory effects of ADRM1 knockdown on the proliferation of 
MHCC97-H cells. At 48 and 72 h after transfection, the proliferation levels 
of shRNA-transfected MHCC97-H cells were significantly lower than that of 
parental cells, as measured by MTT assays. *P<0.05 vs untransfected cells.
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Figure 4. ADRM1 knockdown inhibited MHCC97-H cell migration and invasion. (A) The number of migrated cells significantly decreased in shRNA-transfected 
cells. (B) The number of invading cells significantly decreased in shRNA-transfected cells. *P<0.05 vs untransfected cells.

Figure 5. ADRM1 knockdown induced MHCC97-H cell apoptosis. (A) Cell apoptosis was assessed by annexin-V/PI analysis. (B) Apoptotic rate in shRNA-
transfected MHCC97-H cells significantly increased compared with untransfected cells. *P<0.05 vs untransfected cells.
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Our findings serve as one more piece of supporting evidence for 
this hypothesis.

As a proteasome-associated protein and a ubiquitin receptor, 
ADRM1 may be secreted (7,26). It may act through influencing 
a certain signaling pathway, such as NF-κB (27), which mediates 
tumor cells growth, invasion and migration, considering that a 
persistent NF-κB activation has been widely observed in HCC 
(16-18). In this study, ADRM1 knockdown in MHCC97-H cells 
increased the expression of IκB-α and attenuated the nuclear 
translocation of NF-κB p65. Most importantly, the NF-κB 
activity in MHCC97-H cells was reduced in response to ADRM1 
knockdown. A functional connection between ADRM1 and 
NF-κB in hepatocarcinogenesis is clearly revealed, though the 
exact mechanisms are still not known. As IκB-α functions as a 
key regulator of NF-κB and degradation of IκB-α is critically 
regulated by the 26S proteasome degradation pathway (14), a 
reasonable explanation for our results is that ADRM1 overex-
pression in HCC cells enhances IκB-α degradation, resulting 
in more nuclear translocation of NF-κB p65 and consequently 
increasing NF-κB activity.

In conclusion, the overexpression of ADRM1 in HCC was 
detected in this study, and it is highly involved in tumorigenic 
processes of HCC such as proliferation, migration, invasion and 
apoptosis. A clear connection between ADRM1 and NF-κB in 
hepatocarcinogenesis was also revealed; an activated NF-κB 
activity in HCC might be the results of enhanced degradation 
of IκB-α by ADRM1, even though more work is needed to 
understand the precise mechanisms.
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