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Ring finger protein 180 is associated with biological behavior and
prognosis in patients with non-small cell lung cancer
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Abstract. There are few studies on the role of ring finger
protein (RNF)180 in non-small cell lung cancer (NSCLC).
The present study investigated the expression of RNF180 in
NSCLC and its associations with the clinical factors and prog-
nosis of NSCLC. The mRNA and protein expression levels of
RNF180 were detected via reverse transcription-quantitative
PCR and western blotting. Methylation-specific PCR (MSP)
analysis was utilized to detect the methylation of RNF180.
RNF180 expression levels were analyzed via immunohis-
tochemistry. The protein and mRNA expression levels of
RNF180 were lower in NSCLC cell lines compared with in
the non-tumor cell line. Immunohistochemistry revealed that
64 patients that were negative for RNF180, while MSP detec-
tion analysis demonstrated that 60 patients exhibited RNF180
promoter methylation. The methylation status of RNF180 was
significantly associated with RNF180 expression level. Among
all factors evaluated, logistic regression analysis indicated that
only T stage was significantly associated with RNF180 expres-
sion. Cox multivariate analysis demonstrated that RNF180
expression was an independent predictor of overall survival in
patients with NSCLC. Methylation in the promoter of RNF180
was shown to reduce its expression levels. In summary, low
RNF180 expression levels were associated with poor biological
behaviors, thus RNF180 expression level may be used as a clin-
ical marker to predict the prognosis of patients with NSCLC.

Introduction
Despite the decline in the rate of non-small cell lung cancer

(NSCLQ) in recent years, it remains the leading cause of
cancer mortality worldwide, 1.8 million people are diagnosed
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with lung cancer, and 1.6 million individuals died as a result
of the disease in 2017 worldwide (1). Accurate diagnosis and
precise prognostic predictions are critical for targeted treat-
ment and prolonging the overall survival of patients with
NSCLC (2). However, commonly used biomarkers, such as
carcino-embryonic antigen and Cyfra21-1, offer low sensitivity
and specificity and are not appropriate for clinical applica-
tions (3,4). Novel molecular or immunohistochemical-based
biomarkers may facilitate identification of cancer at an early
stage in the future (5). Therefore, there is a need for the
development of novel markers.

Ring finger protein (RNF)180 is composed of a RING
finger domain, a basic coiled-coil domain, a novel conserved
domain and a C-terminal hydrophobic region (6). RNF180
was first reported in the brain, kidney, testis and uterus, and
it has important biological roles in the developing lens and
brain at the embryonic stage (7). RNF180 is associated with
Helicobacter pylori infection and serves as a biomarker for
atrophic gastritis (8). A previous report revealed that RNF180
is involved in tumorigenesis in gastrointestinal cancer (9).
Deng et al (10) demonstrated that high expression levels of
RNF180 inhibit colony formation, proliferation, migration
and invasion. As an anti-oncogene, RNF180 serves key roles
in suppressing tumor growth and lymphangiogenesis (10). In
hepatocellular carcinoma, RNF180 acts as a tumor suppressor
during tumorigenesis (11). RNF180 participates in cell growth
and apoptosis, and upregulates not only antiproliferative regu-
lators, but also proapoptotic mediators (12). Thus, RNF180 is
associated with invasion and metastasis in cancer. However,
understanding remains limited regarding the role of RNF180
in the etiology of NSCLC. Therefore, the present study aimed
to elucidate the clinical implication of RNF180 expression
level and its association with the survival rate of patients
with NSCLC.

Materials and methods

Cell culture. NSCLC cell lines (A549 and HCC827) and a
non-tumor cell line (MRC-5) were obtained from The Cell Bank
of Type Culture Collection of Chinese Academy of Sciences.
Cells were cultured in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc.) supplemented with 10% FBS (HyClone;
Cytiva) and 100 U/ml penicillin-streptomycin (HyClone;
Cytiva) at 37°C under a humidified atmosphere of 5% CO,.
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Sample collection. Samples were collected from eligible
patients from First Teaching Hospital of Tianjin University
of Traditional Chinese Medicine (Tianjin, China) with
NSCLC between February 2007 and December 2012. The
inclusion criteria for the study included i) Pathologically
confirmed patients with NSCLC who underwent radical
surgery; ii) patients with surgical specimens, which were
frozen in -80°C refrigerator; iii) patients diagnosed with
Tumor-Node-Metastasis I-IITA stage NSCLC (13); and
iv) patients who did not receive treatment prior to radical
surgery, such as chemotherapy or radiation therapy. Following
curative surgery, tumor tissue were frozen in liquid nitrogen
immediately and stored at -80°C until use, all patients were
followed up every 3-6 months for 2 years, then every year until
the end of the study or death. The follow-up was completed in
September 2018.

Ethics statement. Written informed consent was obtained
from all participants prior to participation, according to the
Helsinki Declaration. The study protocol [TYLL2018(K) 007]
was approved by the Ethics Committee of Ethics Committee
of First Teaching Hospital of Tianjin University of Traditional
Chinese Medicine (Tianjin, China).

DNA and RNA extraction. RNA and DNA was extracted
from cell lines and tissues using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
instructions. RNA extracted from the cells lines for RT-qPCR
and DNA extracted from the tissues for MSP.

Reverse transcription-quantitative PCR. In total, 1 ug RNA
was synthesized to cDNA using PrimeScript™ RT Reagent kit
(cat. no. DRRO037A; Takara Biotechnology Co., Ltd.) at 42°C
for 30 min and 85°C for 5 min according to the manufacturer's
protocol. qPCR was performed on the 7500 Fast Real Time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.) Primers designed and utilized for RNF180 and GAPDH
were as follows: RNF180 forward, 5“-TCTGACTTTCCTGAT
GGACCTG-3' and reverse, 5'-CCTGAGTATTTACCCTGC
TTCTGT-3' and GAPDH forward, 5"TGGGTGTGAACC
ATGAGAAGT-3' and reverse, 5S-TGAGTCCTTCCACGA
TACCAA-3'. The PCR cycling conditions for all sequences
were 45 cycles of denaturation at 95°C for 30 sec, annealing
for 30 sec, and extension at 53.5°C for 30 sec, followed by a
final extension at 57.5°C for 10 min. Annealing was performed
at 60.0°C. The relative RNA levels was normalized to the
GAPDH value using the 2244 method (14).

Methylation-specific PCR (MSP). The following RNF180
primers were used to detect the methylated or unmethyl-
ated alleles of the RNF180 promoter: Methylated RNF180
forward, 5" TTTGCGCGGGGTTAAAGTTC and reverse,
5'-CGATACCGATTCGACGAAACG-3"; and unmethylated
RNF180 forward, 5"-TGTTTGTTTGTGTGGGGTTAAAGT
TT-3' and reverse, 5'-CAACAACAATACCAATTCAAC
AAAACA-3'. MSP was performed using Ampli Taq-Gold
(Promega Corporation). The PCR reaction volume was 25 pul,
and the thermocycling conditions were as follows: 97°C initial
denaturation for 5 min, then 25 cycles of denaturation at 95°C
for 40 sec, annealing at 60°C for 50 sec and extension for

50 sec at 72°C, then final extension at 72°C for 10 min. PCR
amplification was detected using 2% agarose gel (Jingtianmo
Technology Development Co., Ltd.) under the external light.

Western blotting. Western blotting was performed using
Pierce™ Fast Western Blot kit, ECL Substrate (Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. Total protein (40 ug, determined by BCA) was loaded
onto 12% gels and separated using SDS-PAGE and then
transferred to PVDF membranes. Membranes were subse-
quently blocked with milk or BSA for 60 min at mean room
temperature, and incubated with primary antibodies against
RNF180 polyclonal antibody (1:1,000; cat. no. ab127548;
Abcam) and GAPDH (1:1,000; cat. no. Ab8245; Abcam) at
4°C overnight. Subsequently, the membranes were washed
three times with TBS + 0.1% Tween-20 and incubated with
secondary anti-rabbit immunoglobulin antibody (1:2,000;
cat. no. SP-9001; ZhongShan Biotechnology). Finally, the
membranes were washed three times, detected and visual-
ized by an enhanced chemiluminescence detection system
and a Gel Imager system (both Asia Xingtai Mechanical and
Electrical Equipment Company) was to analyze images and to
determine gray values.

Immunohistochemistry analysis. Paraffin blocks (4-um thick)
were fixed in 4% paraformaldehyde at room temperature for
24 h before used, then deparaffinized at 70°C for 15 min.
Antigen was retrieval was performed at 95°C for 40 min in
0.01 mol/l sodium citrate buffer (pH 6.0), and endogenous
peroxidase was blocked using 3% hydrogen peroxide for
30 min at room temperature. Rabbit anti-RNF180 antibody
(1:50; cat. no. ab127548) was purchased from Abcam. The
paraffin sections were incubated overnight with primary
antibody at 4°C and then treated with peroxidase using a
labeled polymer method at 37°C with Zhongshan peroxidase
(OriGene Technologies, Inc.) for 30 min. Antibody binding
was visualized using the Avidin Biotin Complex (ABC) Elite
kit and 3,3'-diaminobenzine according to the manufacturer's
instructions (City Key Laboratory of Tianjin Cancer Center).
Sections were then counterstained in hematoxylin for 30 sec
at mean room temperature. For general negative controls, the
primary antibody was replaced with PBS. All sections were
scored under a light microscope (Olympus Corporation) and
recorded at 100x or 400x magnification.

Evaluation of immunohistochemical staining. In order to
avoid potential bias, all sections were assessed blindly by
two independent observers; in case of disagreement, a third
independent assessment was involved. Protein expression
levels were analyzed for each patient based on a randomly
selected section. The staining score of each slide was assessed
according to staining intensity and the percentage of posi-
tive cells. Staining intensity was scored as 0-4, where 0 was
a negative value, 1 was weak, 2 was moderate, 3 was strong
intensity pattern and 4 was a very strong intensity pattern.
The extent of staining was scored as follows: 0, 0-10, 1, 11-30;
2, 31-50; 3, 51-75; and 4, >75%, according to the percentage of
positive-staining cells in relation to the total cancer cells. A
final staining score >3 was considered to indicate a positive
expression level.
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Figure 1. Relative RNF180 mRNA and protein expression levels in cell lines. (A) Relative RNF180 mRNA levels in cell lines. (B) RNF180 protein expression
in cell lines analyzed using western blotting. (C) Relative RNF180 protein levels in cell lines “P<0.05. RNF180, ring finger protein 180.

Statistical analysis. Data are presented as the mean + stan-
dard deviation and each experiment was repeated three
times. Differences between variables were estimated one-way
ANOVA followed by Student-Newman-Keuls post hoc test.
Categorical variables were analyzed using ¥’ test. Survival
analysis was performed with the Kaplan-Meier method and
log-rank test. Univariate analysis of patient variables was
performed by log-rank test, and multivariate Cox regression
analysis was performed to identify prognostic indicators.
Statistical calculations were performed using SPSS software
(version 21; IBM Corp.). P<0.05 was considered to indicate a
statistically significant difference.

Results

mRNA and protein expression level analysis of RNFI180.
The relative mRNA expression level of RNF180 in the
NSCLC cell lines A549 (0.26+0.05; P=0.003) and HCC827
(0.33+0.11; P=0.007) were significantly lower compared
with the non-tumor cell line MRC-5 (0.63+0.25). Consistent
with mRNA expression levels, the relative protein expression
levels of RNF180 in A549 (0.45+0.17; P=0.002) and HCC827
(0.53+0.21; P=0.006) were lower compared with MRC-5
(0.88+0.35; Fig. 1).

Patient characteristics. Based on the inclusion criteria,
91 patients with NSCLC were eligible for the present study.
The 5-year survival rate of the patients with NSCLC was
43.9%. The clinical characteristics of the patients are presented
in Table I.

Association between RNF180 expression levels and methylation
status of RNF180 promoter. RNF180 expression levels in tissue
specimens were observed in the cytoplasm by immunohisto-
chemical staining, as shown in the representative images in
Fig. 2. Fig. 2A and B represent negative expression, C and D
represent moderate positive expression, and E and F represent
strong positive expression. The present results demonstrated
that 27 patients were positive for RNF180, whereas 64 patients
were RNF180-negative. Furthermore, MSP analysis detected
the methylation status of the RNF180 promoter (Fig. 3),
showing randomly selected different patients with lung cancer.
T1 and T2 were for patients with lung cancer with promoter
methylation, while T3 was for lung cancer without promoter
methylation). A total of 60 patients exhibited a methylated
RNF180 promoter in NSCLC tissues, and the other 31 patients
exhibited an unmethylated RNF180 promoter.

Table I. Clinicopathological characteristics of patients with
non-small cell lung cancer.

Variable Cases, n
Sex

Male 55

Female 36
Age, years

<60 50

>60 41
Smoking status

Yes 37

No 54
Histological subtype

Squamous 28

Adenocarcinoma 63
Tumor location

Peripheral 66

Central 25
T stage

Tl 33

T2 41

T3 17
N stage

NO 40

N1 10

N2 41

T, tumor; N node.

The correlation between the methylation status of RNF180
promoter and RNF180 expression levels was also investigated.
The methylation status of the RNF180 promoter was signifi-
cantly associated with RNF180 expression levels (x*=22.528;
P<0.001; Table II). However, 8 RNF180-positive patients
with methylated DNA and 12 RNF180-negative patients with
unmethylated DNA were identified.

Association between RNF180 expression levels and clinical
parameters. The associations between RNF180 expression
level and various parameters, such as sex, age, smoking status,
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Figure 2. Ring finger protein 180 is expressed in NSCLC tissue samples. Negative RNF180 expression at (A) 100x and (B) 400x magnification. Moderate
RNF180 expression at (C) 100x and (D) 400x magnification. Strong positive RNF180 expression at (E) 100x and (F) 400x magnification.
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Figure 3. Methylation-specific PCR detection of ring finger protein 180
promoter methylation in different non-small cell lung cancer tissue samples.
M, methylated; U, unmethylated. T1 and T2 were for patients with lung
cancer with promoter methylation, while T3 was for lung cancer without
promoter methylation.

histological subtype, tumor location, T stage and N stage,
were analyzed. According to univariate analysis, T stage
(P<0.001) and N stage (P=0.043) were significantly associated
with RNF180 expression (demonstrated by ¥ test). Following
multivariate analysis, only T stage was identified to be inde-
pendently associated with RNF180 expression level (P=0.003;
Table III).

Survival analysis of patients with NSCLC. Univariate analysis
revealed significant associations between overall survival and
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Figure 4. Survival curve of patients with non-small cell lung cancer according to
RNF180 expression level (negative or positive). RNF180, ring finger protein 180.

the methylation status of the RNF180 promoter, RNF180
expression level, T stage and N stage (P<0.05; Table IV).
However, no association with sex, age, smoking status, histo-
logical subtype or tumor location was detected (P>0.05).
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Table II. Association between methylation status of RNF180 promoter and RNF180 expression level.

Methylation status of RNF180 promoter

RNF180 expression level Methylated Unmethylated v value P-value
Negative 52 12 22.528 <0.001
Positive 8 19

RNF180, ring finger protein 180.

Table III. Association between RNF180 expression level and variables of patients with non-small cell lung cancer.

RNF180 expression level P-value
Variable Negative, n Positive, n Univariate analysis Multivariate analysis
Sex 0.277
Male 41 14
Female 23 13
Age, years 0318
<60 33 17
>60 31 10
Smoking status 0.063
Yes 30 7
No 34 20
Histological subtype 0.400
Squamous 18 10
Adenocarcinoma 46 17 0.214
Tumor location
Peripheral 44 22
Central 20 5
T stage <0.001 0.003
T1 15 18
T2 35 6
T3 14 3 0.043 0.075
N stage
NO 25 15
N1 5 5
N2 34 7

RNF180, ring finger protein 180; T, tumor; N, node.

Patients with negative RNF180 expression exhibited a signifi-
cantly shorter overall survival compared with patients with
positive RNF180 expression (Fig. 4).

The variables that were significant in univariate analysis
were included in the multivariate Cox proportional hazard
analysis to adjust for the effects of covariates. According to
this analysis, the methylation status of the RNF180 promoter
[hazard ratio (HR), 1.988; P=0.035], RNF180 promoter expres-
sion levels (HR, 2.254; P=0.033) and N stage (HR, 1.670;
P<0.001) were identified as independent factors of overall
survival (Table IV).

Discussion

Protein ubiquitylation is initiated by enzymatic cascades
that involve E3 ubiquitin ligases (15). RNF180 is an E3
ubiquitin ligase that serves a key role in the function of the
ubiquitin-proteasome system by determining the specificity
and timing of ubiquitination and subsequent degradation
of its substrates (16). RNF180 is either downregulated
or absent in different types of cancer, and is regarded as
a suppressor gene. Cheung et al (9) revealed that RNF180
is silenced in the majority of gastric cancer cell lines and
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Table I'V. Survival analysis of patients with non-small cell lung cancer.

Univariate analysis Multivariate analysis

Variable S-year survival rate, % v value P-value Hazard ratio P-value
Sex 0.048 0.826
Male 455
Female 41.7
Age, years 0.131 0.717
<60 39.8
>60 48.8
Smoking status 1.766 0.184
Yes 35.1
No 499
Histological subtype 1.013 0314
Squamous 50.0
Adenocarcinoma 412
Tumor location 1.935 0.164
Peripheral 484
Central 320
T stage 6.255 0.044 1.269 0.226
Tl 54.5
T2 41.5
T3 294
N stage 23.003 <0.001 1.670 <0.001
NO 70.0
N1 62.5
N2 19.5
RNF180 expression level 17.027 <0.001 2.254 0.033
Negative 313
Positive 73.7
Methylation status of RNF180 promoter 13.791 <0.001 1.988 0.035
Methylated 300
Unmethylated 70.8

T, tumor; N, node; RNF180, ring finger protein 180.

is significantly downregulated in gastric cancer compared
with normal tissue. Results from a previous study suggest
mRNA expression levels of RNF180 in non-tumor tissue
are ~3.60-fold higher compared with in cancer tissue (17).
However, little is understood regarding the expression levels
of RNFI180 in NSCLC. In the present study, significantly
decreased levels of RNF180 mRNA and protein were
observed in lung cancer cell lines compared with normal
control cell lines. The results of the present study suggest
that the low expression level of RNF180 is modulated by
methylation of the RNF180 promoter region in the etiology
of NSCLC. The promoter region of the RNF180 gene is
composed of abundant CpG islands, which are primarily
located in -202/+372 promoter region of RNF180 (17).
DNA methylation regulates transcription and acts on CpG
islands (18-20). However, unmethylated DNA results in

either loss or low levels of gene expression. The present study
identified 8 patients with methylated RNF180 that exhibited
a high expression level and 12 patients with unmethylated
RNF180 that exhibited a lower level of expression. It was
hypothesized that methylation of only core CpG islands
may change the expression levels of the RNF180 gene. The
present results were consistent with a previous report (10).
Immunohistochemical staining detected negative RNF180
expression level in 70.3% of cases, and 18.75% of cases
contained unmethylated CpG sites. It was hypothesized that
the abnormal expression levels of RNF180 in NSCLC may
result from DNA promoter methylation.

A previous study suggested that the methylation of RNF180
promoter is associated with lymph node metastasis by down-
regulating RNF180-mediated expression levels of hepatocyte
growth factor, matrix metalloproteinase (MMP)-2, MMP-14
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and vascular endothelial growth factor C/D (10). Similarly, a
previous study had also demonstrated that negative RNF180
expression levels are observed more frequently in patients
with advanced TNM stages (7). Therefore, low RNF180
expression level is associated with poor biological behavior
of cancer. Similarly, the present study identified that a nega-
tive RNF180 expression level was associated with advanced
T stage and increased N stage. These results suggested that
RNF180 expression levels were associated with the invasion
and metastasis of NSCLC.

There have been limited studies investigating the prog-
nostic potential of RNF180 expression levels in patients with
NSCLC. In a previous study, Xie et al (21) reported patients
who possess <7 hypermethylated CpG sites of the RNF180
DNA promoter exhibit improved overall survival. A previous
study identified methylated gene Dishevelled-associated
antagonist of B-catenin 1 expression levels as an independent
predictor of patient survival (22). A previous study had demon-
strated that the number of methylated CpG sites can provide
distinct survival discrimination of patients (23). However,
a cheaper and simpler method to predict the prognosis of
patients with NSCLC is required. Assessing methylated CpG
site counts and concrete CpG islands by bisulfite genomic
sequencing method is expensive and laborious and is not
widely used in clinical applications (24). In the present study,
the methylation status of the RNF180 promoter and RNF180
expression levels were detected by MSP and immunohisto-
chemistry; and their potential prognostic value for patients
with NSCLC was assessed using Cox regression analysis.
The present study demonstrated that the methylation status
of the RNF180 promoter was an independent factor of the
overall survival. However, RNF180 expression level had a
higher HR value compared with the methylation status of
RNF180 promoter, and hence it was speculated that RNF180
expression levels are more accurate in predicting prognosis.
This result indicated that RNF180 expression level detected
by immunohistochemistry was a simpler optimal predictor of
prognosis for patients with NSCLC compared with methyla-
tion status.

In conclusion, the present study demonstrated that a low
level of methylated RNF180 promoter is associated with
low RNF180 expression level, which is associated with poor
biological behavior. Furthermore, the level of RNF180 can be
used as a marker for the clinical prediction of the prognosis of
NSCLC.
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