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Higher Expression of Ubc9 in Human Lung Cancer Tissues and Its clinical
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ABSTRACT Objective: As Ubc9 may play a great role in tumor genesis and deterioration, the purpose of this study was to detect the

expression of ubiquitin-conjugating enzyme (Ubc9) and assess the prognostic significance of Ubc9 in lung cancer. Methods: The expres-

sion of Ubc9 mRNA and Ubc9 protein in Non-small cell lung cancer and para-carcinoma tissue from 100 lung cancer patients were de-

tected using Real-time, Immunohistochemistry and Western-blot. The correlation of Ubc9 expression with the clinical characteristics was

analyzed by the single factor correlation analysis. Results: The Ubc9 protein stained brown granules in cytoplasm and nucleus of cancer

cells. The higher expression of Ubc9 mRNA and Ubc9 protein were detected in cancer tissue than that in para-carcinoma tissue and cor-

related with TNM stage, lymph nodes metastases, differentiation and smoking. Conclusions: The expression level of Ubc9 mRNA or pro-

tein may independently predict postsurgical survival in lung cancer.
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Introduction

Lung cancer is one of the common malignant tumors and has
become the leading cause of death in China '; late detection is a
major contributor to this high mortality rates . The lung cancer
histologic subtypes (small cell and non-small cell) have different
clinicopathological characteristics reflective of differences in car-
cinogenesis . Undoubtedly, surgical resection remains the most
effective therapeutic method for the lung cancer patients, but the
survival rate remains at 20%-30% at 5 years. An important reason
for poor outcomes of the patients is that lung cancer is often
spread beyond the primary site at the time of diagnosis ™. There-
fore, effective measures such as prognostic factors on diagnosis,
prediction and treatment of lung cancer at an earlier stage are ex-
tremely urgent®,

Sumoylation, which includes small ubiquitin-like modifier
(SUMO) protein addition or removal from other proteins, is a
post-translational modification that plays an important role in di-
verse cellular processes, including transcriptional regulation, nu-
clear transport, cell cycle control and maintenance of genome in
tegrity through modulating protein interactions of target proteins!®®.
Ubiquitin-conjugating enzyme 9 (Ubc9), the sole E2-conjugating
enzyme for sumoylation, plays an important role in tumorigenesis
and progression®. Ubc9 has been reported to be expressed at high
levels in advanced melanomas and was found to shield melanoma
cells from apoptosis, and expressed at higher levels in head and
neck tumor and lung tumor specimens than in the matched normal

tissues [, However, whether Ubc9 expression is associated with

the Lung cancer remains unknown. In this study, we were interest-
ed in analyzing the expression of Ubc9 in a series of 100 consecu-
tive patients with lung cancer in order to better understand their
roles in human lung cancer biology and their potential implications

for prognostic significance .
1 Materials and methods

1.1 Patients

From July 2010 to April 2011, 100 Lung cancer patients
treated by curative surgical resection at the Department of Tho-
racic Surgery in Affiliated Hospital of Medical College, Qingdao
University were enrolled in our investigation. The patients' clinical
and pathological data were recorded according to the World
Health Organization (WHO) and the Union for International Can-
cer Control (UICC). Written and informed consent was obtained
from all patients and the investigation was approved by ethical
committee of our hospital. The clinico-pathological data analyzed
include sex, age, smoking, histology, T-stage, N-stage, TNM-stage,
lymph nodes metastasis and differentiation. Served as control
group, the corresponding normal tissues from the same patients but
different lung sites without tumor were also assessed for the ex-
pression of Ubc9 mRNA and protein.
1.2 Quantitative real-time PCR analysis

Each sample, including cancer tissue and normal tissue from
the same persons, was frozen in liquid nitrogen immediately after
surgical resection before extraction of RNA. Total RNA was iso-
lated using Trizol reagent (Invitrogen, USA) according to the man-

ufacture's protocol. The concentration and purity of the RNA sam-
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ples were determined by measuring the optical density in 260/280
nm ratios with a spectrophotometer. 10 ng of total RNA prepara-
tions from each sample was reverse transcribed to cDNA, stored at
-80 ‘C until analysis. The primers, which were labeled with a
S'fluorescent reporter dye (6-carboxyfluorescein) and a 3' quench-
ing dye (6-carboxytetramethylrhodamine), were synthesized by
TaKaRa Biotechnology. The results were analyzed with 7500 Real
Time PCR System software (ABI, Shanghai, China). For measure-
ment of cDNA corresponding to human Ubc9 mRNA, the forward
primer was 5-TCTTCGCCACCAAAATGTAA-3', the reverse
primer was 5'-CTCCAGTCCTTGTCCTCCTCTA-3'". For refer-
ences, we quantified human GAPDH gene, the forward primer
was 5-TCAGCCGCATCTACTATIA G-3', the reverse primer was
5'- GATGGCATGGACTGTGGTC-3".
1.3 Immunohistochemistry analysis

The paraffin section of all the samples, including cancer tis-
sue and normal tissue from the same persons, was prepared. The
goat antihuman polyclonal antibody Ubc9 was bought from Santa
Cruz Biotechnology Company and the test was performed accord-
ing to the manufacturer's instruction. IHC was performed as de-
scribed in the literature. Briefly, after dewaxing and hydration, the
slides were rinsed in phosphate-buffered saline (PBS) and blocked
endogenous peroxidase activity with 3 % hydrogen peroxide for
15min. Antigen retrieval was achieved with preheated 10 mmol/L
(pH 6) citrate buffer for 30 min to 95 C in a microwave oven.
Then the specimens were incubated with the goat anti-Ubc9 (dilut-
ed 1:50 in PBS) at 4 C for 24h, PBS instead of antibody served as
negative control and the secondary antibodies 90 min at 37 C in a
humid chamber. Finally, reaction products were visualized using
3, 3'-diaminobenzidine (DAB), and the sections were then coun-
terstained with hematoxylin. The expression of Ubc9 protein was
observed under light microscope and also analyzed using Im-
age-Pro Plus.
1.4 Western blot analysis

Frozen tissue samples (100 mg) were homogenized in 400 .l
of ice-cold RIPA buffer (PBS, pH 7.4, 0.5% sodium deoxycholate,
0.1% SDS with freshly added PMSF (100 pg/ml) (Sigma, USA)).
After a 60 min incubation on ice, samples were spun at 12000
r/min for 10 min at 4 'C and supernatants were colleted for protein
extraction. Protein concentrations of the resulting lysates were de-
termined by Coomassie brilliant blue staining. Equivalent of 40pug
protein in each sample was denatured at 95 C for 8 min, loaded
on a 10% SDS-polyacrylamide gel containing a 2.5% stacking gel,
together with a molecular weight standard (GibcoBRL, USA), and
then electrophoresed at 75 V for 1 h and in Tris-glycine running
buffer (25 ml/l Tris-base, 250mol/I glycine, 0.1% SDS). Proteins
were electroblotted onto a nitrocellulose membrane. The blotted
membrane was blocked with 5% nonfat dry milk in PBST (PBS,
pH 7.4, Tween 20) with gentle shaking at room temperature for 1h

and then incubated overnight at room temperature in 1% bovine
serum albumin (BAS)/PBST containing Ubc9 monoclonal anti-
bodies (both diluted 1:1000, Santa Cruz Biotechnology Inc.) with
gentle shaking. Following three washes in PBST, the membrane
was then incubated for 1 h at room temperature in 1% BSA/PBST
containing a 1:5000 dilution of the second antibody (mouse an-
ti-goat IgG, Santa Cruz Biotechnology Inc.) with gentle shaking.
The band intensities of Ubc9 protein expressions were measured
using image analysis software (NIH Image).
1.5 Statistical Analysis

All statistical analyses were performed with the SPSS17.0
software and statistical differences at P < 0.05 were considered to
be statistically significant. Experimental data were expressed as
mean+SD. The Chi-square test was applied to analyze the associa-

tion between Ubc9 and clinicopathological characteristics.

2 Results

2.1 The expression of Ubc9 mRNA detected by Quantitative
real-time PCR analysis

In the present study, 52 male and 48 female patients with the
mean age of 63 years (range 45-75 years) were included. Using
Real-time PCR analyses, a statistical significance was observed for
the higher Ubc9 mRNA expression in the cancer group compared
to the normal group . The expression of Ubc9 mRNA was shown
in Fig.1and Tablel. Furthermore, for Ubc9, a significant elevation
could be found in stage III compared to stages I and II tumors (P<
0.05).
2.2 The expression of Ubc9 protein detected by Immunohis—
tochemistry

Using Immunohistochemistry analyses, Ubc9 protein was
stained positively as brown granules in cytoplasm and nucleus of
cancer cells. And nonuniform staining intensities were observed in
the carcinoma tissues (Fig.2B). Compared with adjacent tissues,
Ubc9 protein was expressed at a higher level with statistical signif-
icance in lung carcinoma tissues (Fig.2A).
2.3 The expression of Ubc9 protein detected by Western blot

Western blot results, as shown in Fig. 3A and B, reveal that
Ubc9 protein was noticeably increased in cancer tissues. The re-
sults indicate an approximate 1-fold and 2-fold increase in Ubc9
protein expression in cancer tissues of TNM stage I-1I and stage II-
I-IV respectively as compared with normal tissue (Fig. 3A). Simi-
lar to RT-PCR results, increased Ubc9 protein could be found in
poorly differentiated tumors as compared with well-moderately
differentiated tumors (P<0.05), and in smoking compared with no
smoking (P<0.05), as well as in lymph nodes metastasis compared
with no lymph nodes metastasis (P<0.05). The results show Ubc9
protein expression in lung cancer was correlated with clinical

characteristics.
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Table1 Relative expression of Ubc® mRNA in different samples {TNM-stage)
Result

Sample
GAPDHCt Ubc9Ct ACt -AACt 28Ac
Normal  19.35 25.15 580 - —
Normal  19.14 24.47 533 - —
Normal  19.83 25.37 554  amee — -
Normal  19.80 2517 537 - —_—
Normal  19.54 25.05 5.51 — — ; 25
I-1 19.92 24.38 446 1.05 207 5
I-1 19.89 24.46 457 094 192 2
I-1 19.52 24.76 524 027 1.21 § sl
[-1 19.99 24.84 485 066 158 [
I-1I 19.27 24.65 538 013 1.09 g}
-1V 19.83 23.43 360 191 376
-1V 19.37 23.66 429 122 233 =S
-1V 19.87 23.45 358 1.93 3.81 0 ‘
-1V 19.14 23.79 465 086 1.81 11 -1
-1V 19.26 23.68 442  1.09 212

Fig.1 Real-time PCR analyses of Ubc9 mRNA. Ubc9 mRNA expression was elevated in in stage III compared to stages I and II tumors (*p < 0.05)

Fig.2 Ubc9 protein expression analysis by immunohistochemistry (400 ) (A) Negative and weak expression of Ubc9 in adjacent lung tissues. (B) Positive

expression of Ubc9 with cellular location in cytoplasm and nucleus in carcinoma tissues.
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Fig.3 Western-blot analysis of Ubc9 protein. (A) The Ubc9 protein level is higher in lung cancer tissues compare to normal tissues (*p<0.05), and much
higher level of Ubc9 protein expression were observed in TNM-stage [[[-IV than stage [ -1l (*p < 0.05). (B) Higher expressin of Ubc9 in poorly
differentiated tumors than well-moderately differentiated tumors (*p < 0.05), in smoking than no smoking (*p<0.05), as well as in lymph nodes metastasis

than no lymph nodes metastasis (*p < 0.05).
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3 Discussion

Lung cancer is the most frequent cancer worldwide!"? and the
leading cause of cancer related deaths [ its five-year survival rate
is next to the lowest of all cancers™. An important reason for poor
outcomes of the patients is that lung cancer is often detected after
it has spread beyond the primary site. To find an effective indica-
tors for early diagnosis of lung cancer is the key to prolong surial
of the patients with lung cancer for early treatment and also the
spot problem in research.

SUMOylation, a dynamic post-translational modification pro-
cess, requires E1 (SAE1/SAE2), E2 (Ubc9) and multiple E3s (e.g.
Siz and PIAS in vertebrates) to carry out covalent conjugation of
SUMO (e.g. SUMOI1, SUMO2 and SUMO3 in mammalian cells)
to target proteins, and a number of de-SUMOylation enzymes for
rapid deconjugation'™. Like other post-translational modifications,
SUMOylation has been shown to be involved in many cellular
processes, such as cell cycle regulation, proliferation, apoptosis,
DNA repair and mitosis"*"”, SUMOylation exclusively utilizes the
E2 conjugating enzyme, namely, SUMO ubiquitin-conjugating en-
zyme 9 (Ubc9). Ubc9 is highly conserved from yeast to humans
and contains a core ubiquitin-conjugating catalytic (UBCc) do-
main, which contains a conserved cysteine residue (Cys93). Dur-
ing SUMOylation, SUMO is transferred onto the active Cys93 by
the activating enzyme E1U¥, Ubc9 then transports SUMO onto the
substrate, and an isopeptide bond forms between the double-Gly
residues of SUMO and the A-amino group of a substrate lysine
residue ™. In vitro assays have confirmed that Elactivating en-
zyme and E2 conjugating enzyme are sufficient for substrate
SUMOylation proteins ¥, Many proteins involved in cell cycle
regulation, proliferation, apoptosis have been demonstrated to be
the targets for sumoylation ™2, Ectopic expression of Ubc9 en-
hances tumor growth in animal models, suggesting that Ubc9 pro-
tein plays a critical role in multiple tumor suppressive functions,
such as growth inhibition, apoptosis, replicative senescence, sup-
pression of oncogenic transformation, and inhibition of migration
and angiogenesis.Thus understanding of its mechanisms is impor-
tant for the prognosis and intervention of diseases. In this study,
the expression of Ubc9 at mRNA and protein levels were siginifi-
cantly elevated in the human lung cancer than that in the adjacent
tissues.

As we have known that the survival rate and prognosis of the
patients with lung cancer are much correlated with TNM stage,
lymph nodes metastases, and differentiation, we evaluated the re-
lationship of the expression of Ubc 9 in lung cancer with TNM
stage, lymph nodes metastases, differentiated degree and smoking.
Our results show that the higher expressions of the Ubc9 in the
cancer tissues correlated strongly with the TNM stages, lymph
nodes metastasis, grades of differentiation and smoking. There

were stronger expressions of Ubc 9 mRNA and protein in the tu-

mors with poorly differentiation , in the stage III, with lymph

nodes metastasis or with smoking. However, our results show no

statistically significant difference of Ubc9 expression among the

cancer of different pathologic types or from patients of different

ages. The observed correlation between the expression of Ubc9and

the grade of differentiation in human lung cancer suggests that

Ubc9 might be a promising novel biomarker of cell differentiation

in human lung cancer.
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