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Human ubiquitin-conjugating enzyme E2, also known as UbcH10, is defined as a cyclin-selective ubiquitin
carrier protein and is essential for selective degradation of many short-lived proteins in eukaryotic cells. Recently
more and more data show that UbcH10 could be a potential cancer biomarker. In this study, we have developed
a monoclonal antibody (MAb) against UbcH10 using an expression recombinant protein. Hybridomas F001,
F007, and F008 with high affinities belong to IgG1 subclass with k light and are highly specific for UbcH10.
Further experimentation showed that MAbs F001, F007, and F008 are suitable for the development of immu-
noassay core agents with sufficient sensitivity and specificity in vitro by Western-blot, immunofluorescence, and
immunohistochemistry. These MAbs can be used as a tool for further investigation on functions related to the
role of UbcH10 in tumorigenesis and development.

Introduction

U biquitin activating enzyme (E1), ubiquitin-conjugating
enzyme (E2), and ubiquitin ligase (E3) have the role of

transferring ubiquitin to specific substrate proteins in an
ubiquitin proteasome pathway (UPP). In a eukaryotic or-
ganism, the E2 and E3 are not as highly conserved as E1 and
ubiquitin. The various E2 and E3 proteins work in cognate
pairs and provide specificity in target protein ubiquitination.
The UbcH10 gene, also named cyclin-selective ubiquitin car-
rier protein, belongs to the E2 gene family, and coded a pro-
tein with 179 amino acids. It has been shown that UbcH10 is
involved in the mitotic destruction of securin and cyclin B and
the formation of anaphase promoting complex or cyclosome
(APC/C), which confers the target protein specificity for
ubiquitination.(1–3) Therefore, UbcH10 is essential for con-
trolling cell cycle and degrading cyclins.

Recently, the potential role of UbcH10 in tumor initiation,
progression, and transformation was found.(4,5) The UbcH10
gene is located at 20q13.1, a genome region known to be
amplified in diverse tumors. It has been shown that UbcH10
expression is cancer-associated.(4) The expression level of
UbcH10 is extremely low in most normal tissues but promi-
nently high in the majority of cancerous cell lines. In primary
tumors derived from the lung, stomach, uterus, breast, ovary,
and bladder, UbcH10 is overexpressed compared with their
corresponding normal tissues.(4,5) This phenomenon was also
found in lymphomas.(6) Inhabiting the expression of UbcH10
by RNA interference in breast carcinoma cell lines can suppress

the cell growth of breast carcinoma.(7) Clinical data revealed
that elevated expression of UbcH10 is associated with higher
histological grade breast tumor.(7,8) Also there are some reports
that show abundant UbcH10 levels present in highly invasive,
undifferentiated thyroid carcinomas.(9,10) UbcH10 expression
significantly correlates with tumor grade, undifferentiated
histotype of ovarian carcinomas, and overall survival.(11–13)

UbcH10 has also been found overexpressed in some hepato-
cellular carcinomas,(14) esophageal adenocarcinoma,(15) colon
cancer,(16–18) and colon cancer with liver metastases.(19) In 2009,
Jiang and associates reported that knockdown of UbcH10 ex-
pression by RNA interference could inhibit glioma cell prolif-
eration and enhance cell apoptosis in vitro.(20) Moreover, it is
well documented that ubiquitin becomes ubiquitous in cancer
and many ubiquitin ligases, and deubiquitinases have a major
role in tumorigenesis and could be identified as therapeutic
targets.(21) All of these suggest that UbcH10 plays an important
role in tumorigenesis and progression and becomes a potential
cancer biomarker. In this study, we developed a monoclonal
antibody against this potential cancer biomarker, UbcH10,
providing a helpful tool for further investigation of the func-
tion of UbcH10 in tumorigenesis and development.

Materials and Methods

Plasmid construction and purification
of recombinant proteins

A full-length cDNA of UbcH10 (GenBank accession no.
NM_007019) was amplified from RNA of HepG2 cell using
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PrimeScript RT-PCR Kit (TakaRa Co., Dalian, China) with a
pair of gene specific primers (forward: 5¢-GTCGAATTCAT
GGCTTCCCAAAACCG-3¢, reverse: 5¢-ATTCTCGAGTTAG
GGCTCCTGGCTGG-3¢) containing the EcoRI and XhoI re-
striction sites, respectively. The reaction was carried out with
the following procedures in a Mastercycler� gradient PCR
System (Eppendorf, Hamburg, Germany): initial denatur-
ation was at 94�C for 5 min followed by 30 consecutive cycles
of denaturation at 94�C for 30 s, annealing for 30 s at 58�C,
extension at 72�C for 1 min, and final extension at 72�C for
5 min. After digestion with EcoRI and XhoI, the amplified
UbcH10 product was inserted into the corresponding region
of pET32a ( + ) expression vector with T4 ligase. The correct
recombinant prokaryotic expression vector confirmed by re-
striction analysis and sequencing was named pET32a ( + )/
UbcH10. The fusion protein with His tag was expressed in
Escherichia coli BL21 cells on a large scale. Protein expression
was induced by 1 mM isopropyl-b-D-thiogalactopyranoside
(IPTG) for 4 h at 37�C. The cultured E. coli BL21 cells were
collected by centrifugation at 10,000 rpm for 10 min at 4�C.
The suspension from the pellet suspended in lysis buffer
(50 mM Tris-HCl [pH 7.4], 150 mM NaCl, 1% NP-40, 1 mM
PMSF) was repeatedly frozen and thawed three times. Fol-
lowing sonication in an ice bath, the suspension was centri-
fuged at 12,000 rpm for 15 min. The clear supernatant (soluble
fraction) and pellet (insoluble fraction) were collected and
analyzed by 12% SDS–PAGE. Recombinant protein with His-
tag was purified by Ni-NTA affinity chromatography (GE
Healthcare, Buckinghamshire, United Kingdom) according to
the manufacturer’s protocol. Briefly, the column was equili-
brated with five column volumes of binding buffer (20 mM
sodium phosphate, 0.5 M NaCl, 30 mM imidazole [pH 7.4]).
After being filtered with 0.45 mm filter, the sample was loaded
onto the column at a flow rate of 1–2 mL/min, and the bound
protein was eluted by elution buffer (20 mM sodium phos-
phate, 0.5 M NaCl, 500 mM imidazole [pH 7.4] at a flow rate
1–2 mL/min). The eluted protein was carefully collected and
analyzed by 12% SDS–PAGE. The purified protein was then
identified by Western blot analysis using rabbit anti-His
polyclonal antibody (Sigma, St. Louis, MO), and the concen-
tration of the recombinant protein with 6 · His-tag was tested
by BCA method.

Immunization of mice and establishment of hybridoma

BALB/c female mice (6–8 weeks old) were immunized by
subcutaneous injection (s.c.) with 50 mg UbcH10 emulsified
with 250 mL Freund’s complete adjuvant. After three booster
injections were given with 50mg recombinant protein each in
incomplete Freund’s adjuvant at 2-week intervals, the sera
were collected and assayed antibody titer by ELISA. The
splenocytes segregated from the immunized BALB/c mice
were fused with SP2/0 myeloma cells. The detailed procedure
was as follows: the immunized BALB/c mouse was killed and
the spleen was segregated. The splenocytes and the myeloma
cells (at ratio of 5:1) were washed twice with 1640 culture
medium without calf serum. The final pellet of two kinds of
cells were mixed by tapping the tube and 1 mL of 50% (v/v)
PEG 1450 (Sigma) in 1640 culture medium without calf serum
for fusing was added with gentle shaking. Then the fused cell
pellet was resuspended in HAT medium and distributed
(100 mL per well) into the 96-well tissue culture plates. After

20% confluence was reached, aliquots of hybridoma super-
natants (50mL) were tested by ELISA to detect anti-UbcH10
antibodies. Selected positive clones were subcloned by limit-
ing dilution. The MAb producing clones of interest were
transferred for amplification culture. After 1 week, every
mineral oil-primed mouse was injected with 106–107 of MAb
hybridoma cells. One week later, ascites were collected and
centrifuged at 1500 g for 10 min. IgG was purified from the
ascites using ammonium sulfate precipitation and a Protein G
Sepharose column (GE Healthcare) and analyzed by 12%
SDS–PAGE.

Indirect ELISA assay

The titer of hybridoma supernatants and ascites was
determined with indirect ELISA tests using the following
procedure: 50mg recombinant UbcH10 protein diluted with
10 mL coating buffer (0.05 M CBS [pH 9.6]) was pipetted into a
96-well microtiter plate (100 mL per well) and incubated at 4�C
overnight. Plates were washed three times with PBST buffer
[0.05% (V/V) Tween-20 in PBS] and blocked for 2 h at 4�C
with 1% BSA. After 100 mL hybridoma supernatants were
added to each well and incubated for 1 h at 37�C, unbound
compounds were removed by washing solution. A total of
100mL goat anti-mouse HRP-IgG conjugate diluted with PBS
[1:10000 (V/V)] was added to each well for 1 h at 37�C, then
washed three times with washing buffer. Then 100mL TMB
substrate solution was added to each well and the enzymatic
reaction was stopped after 15 min incubation at 37�C by the
addition of a 2 M H2SO4 solution. Absorbance (OD) values
were measured at 450 nm using a microplate reader (Bio-Rad,
Hercules, CA).

Determination of MAb isotype

MAb isotyping determination was carried out with the
selected clone supernatants using ImmunoPure� Monoclonal
Antibody Isotyping Kit (HPR/ABTS, Pierce, Rockford, IL) as
instructed.

Western blot analysis

Proteins of purified UbcH10 and lysate of hepatoma car-
cinoma cells HepG2 and SMMC7721 were separated by SDS-
PAGE. Samples were boiled for 5 min in loading buffer before
running. Each lane was loaded with about 50mg of proteins.
After 1 h of electrophoresis at 100 V, the gel was immersed in
the transfer buffer [48 mM Tris-HCl, 39 mM glycine, and 20%
methanol, 0.037%(W/V)SDS], and the fractionated proteins
were then transferred onto a 0.22 mM pore PVDF membrane
(Bio-Rad) at 40 V for 1.5 h in an ice bath in a mini Trans-Blot
electrophoretic transfer cell (Bio-Rad). The blotted membrane
was rinsed with PBST and blocked with blocking buffer (5%
skimmed milk powder in PBST) overnight at 4�C. The mem-
brane was then cut into several strips according to the sample
lane, and these strips were put into purified mouse mono-
clonal antibody against UbcH10 diluted by PBS (1:800, non-
immunized mouse serum replaced UbcH10 antibody as
negative control) and incubated at 37�C for 1 h, followed by
three washings (10 min each) with TBS containing 0.1%
Tween-20. These strips were then incubated with goat-anti-
mouse IgG horseradish peroxidase diluted by PBS (1:5000, V/
V) conjugate at room temperature for 1 h. The membrane was
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washed three times with TBS containing 0.1% Tween-20 and
then analyzed using the enhanced chemiluminescence de-
tection system (Pierce) and exposed to Fuji Medical X-ray film
(Fujifilm, Tokyo, Japan) for 2–5 min.

Cross-reaction analysis of MAbs

The cross-reactivity of ascites antibody to various other
similar proteins was tested. Five mg/mL recombinant human
glutamate dehydrogenase, dual-specificity protein phospha-
tase 18 (DUSP 18), dual-specificity protein phosphatase 23
(DUSP 23), and normal rat serum with 50-fold dilution (100 mL
per well, n = 5) were added, respectively, in place of UbcH10
for coating in a 96-well microtiter plate. The coloration reac-
tion was the same as indirect ELISA.

Immunofluorescence

Hepatoma carcinoma cells SMMC7721 grown on square
glass coverslips in a 6-well cell culture plate were washed
once with cold PBS and fixed in cold paraform prior to im-
munostaining. Purified MAbs diluted with PBS (1:500) were
applied to the slips, incubated at 37�C for 1 h, and used as
negative controls. After three washes with PBS, the slips were
stained with goat-anti-mouse IgG conjugated with fluorescein
isothiocyanate (Sigma) for 1 h at room temperature. The
stained coverslips were rinsed with PBS and examined under
a fluorescence microscope (Nikon, Tokyo, Japan).

Immunohistochemistry

Expression of UbcH10 protein was assessed by immuno-
histochemical analysis. Ten paired HCC paraffin-embedded
tissue section samples (aged 23–79, with a mean of 48 years; 2
females and 8 males) for specificity assay of the MAb, con-
taining tumor tissues and adjacent non-cancerous tissues,
were collected from Nanfang Hospital (Guangzhou, China).
Slides of deparaffinized tissue sections were placed in citrate
buffer and treated with microwave heating for 20 min. A
tissue immunohistochemistry staining kit (Maixin, Fujian,

China) was used according to the manufacturer’s protocols.
Anti-UbcH10 MAbs (F001, F007, and F008) as primary anti-
body were used at a dilution of 1:500, and the sections were
incubated overnight at 4�C. After washing in PBS, the sections
were incubated with HRP-conjugated secondary antibody for
1 h at room temperature. DAB staining was carried out ac-
cording to protocol.

Results

Expression and purification of recombinant
UbcH10 protein

The complete cDNA of UbcH10 was amplified by RT-PCR
from HepG2 cells. The recombinant plasmid pET-32a ( + )/
UbcH10 was identified by restriction analysis and then con-
firmed by sequencing. The confirmed construct pET-32a ( + )/
UbcH10 and pET-32a ( + ) were transformed into E. coli BL21
cells, respectively. Expression of the fusion protein was in-
duced by IPTG and predicted to encode a recombinant pro-
tein with a molecular weight of about 20 kDa. Soluble and
insoluble fractions from the supernatant and pellet of BL21
carrying pET-32a ( + )/UbcH10 after sonication were collected
and analyzed by SDS–PAGE and subsequent Coomassie
Brilliant Blue staining. Bands of 6 · His-UbcH10 with expec-
ted molecular weight of about 20 kDa were observed
(Fig. 1A). Recombinant protein is mostly in the soluble

FIG. 1. Expression and purification of UbcH10. (A) SDS-PAGE analysis of the recombinant UbcH10 protein. Expressed
proteins were analyzed by 12% SDS-PAGE stained with Coomassie Bright Blue. Lanes 1 and 2 represent total cell lysate (TCL)
after solubilization under the denatured condition from Escherichia coli BL21, uninduced and induced with 1.0 mM IPTG,
respectively. Recombinant UbcH10 protein is indicated by arrow. Lanes 3 and 4 represent soluble supernatant and insoluble
pellet extracts from E. coli BL21 cell lysates, respectively. Lane 5 was the soluble recombinant Ubch10 protein purified by Ni-
NTA agarose. Purified recombinant UbcH10 protein about 20 kDa is indicated by arrow. M, protein molecular mass stan-
dards. (B) Identification by Western blot analysis using anti-His polyclonal antibody. M, protein marker (17 kDa); lane 1,
purified recombinant UbcH10 protein; lane 2, supernatant of BL21 cell lysate with pET-32a( + ).

Table 1. Identification and Characterization

of Anti-UbcH10 MAbs

Hybridoma
Class and
sub class Type

Titer in
culture
medium

Titer
in ascites

Content
in culture
medium
(mg/ml)

F001 IgG1 k 1:5120 1:25600 7.20
F007 IgG1 k 1:5120 1:25600 8.89
F008 IgG1 k 1:10240 1:102400 19.54
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supernatant fraction. The soluble 6 · His-UbcH10 is indicated
by an arrow. After purification, the purity of the recombinant
protein was up to 90%. The recombinant protein was also
analyzed by Western blot analysis using anti-His polyclonal
antibody. The predicted bands of about 20 kDa recombinant
6 · His-UbcH10 protein were visualized (Fig. 1B).

MAb characteristics

The characterization of selected clones in terms of titer,
affinity, concentration in culture medium, class, and subclass
are summarized in Table 1. The antibodies F001, F007, and
F008 were of G1 subclass with k light chain.

Assessment of antibody specificity

The study of cross-reaction with protein similar to UbcH10
by ELISA results showed that the MAbs F001, F007, and F008
had a high specificity for UbcH10 and had no detectable re-
activity with recombinant human glutamate dehydrogenase,
DUSP 18, DUSP 23, and normal rat serum (Table 2), which
demonstrated that the MAbs is specific to UbcH10.

Western blot analysis of HCC with MAbs

To confirm whether the obtained monoclonal antibodies
recognize native UbcH10 protein, the purified MAbs were
tested by Western blot analysis using hepatoma carcinoma
cells as native antigen. The lysis of HepG2 and SMMC7721
was loaded as the target and the lysis of HepG2, in which PBS
replaced MAbs, was used as the negative control. The results
of Western blot analysis with the three MAbs are shown in
Figure 2. An expected *20 kDa band of UbcH10 was detected
in whole lysis of hepatoma carcinoma cells HepG2 and
SMMC7721, but not in the negative control.

Immunofluorescence

The immunofluorescence staining of hepatoma carcinoma
cells with purified anti- UbcH10 MAbs (F001, F007, and F008)
are shown in Figure 3. Red fluorescence on HCCs SMMC7721
staining with purified MAbs as primary antibody was ob-
served with fluorescence microscope but not in controls, which
showed that purified anti-UbcH10 MAbs (F001, F007, and
F008) could specifically react with UbcH10 protein in HCC.

Immunohistochemistry

Ten pairs of HCC-including tumor tissues and adjacent
non-cancerous tissues of immunohistochemistry staining
were performed to examine the expression of UbcH10 in liver

Table 2. Specificity Analysis of Anti-UbcH10 MAbs

Hybridoma UbcH10
Glumate

dehydrogenase
DUSP

18
DUSP

23
Normal

rat serum

F001 + - - - -
F007 + - - - -
F008 + - - - -

FIG. 2. Western blot analysis of three different positive
clones with HCC HepG2 and SMMC7721. 50mg of super-
natant of HCC HepG2 and SMMC7721 lysate were resolved
by SDS-PAGE, blotted, and probed with the MAbs of three
different positive clones against UbcH10 [staining with F001
(A), F007 (B), and F008 (C)] or non-immunized mouse serum
replace Ubch10 antibody as negative control (data not
shown), and followed by incubator with goat anti-mouse
HRP-conjugated IgG antibody.

FIG. 3. HCC immunofluorescence staining results of three
different positive clones with HCC SMMC7721, · 200. (A)
HCC SMMC7721 staining with F001 observed with fluores-
cence microscope and optical microscope. (B) HCC
SMMC7721 staining with F007 observed with fluorescence
microscope and optical microscope. (C) HCC SMMC7721
staining with F008 observed with fluorescence microscope
and optical microscope.
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tissues and to determine the reactivity of affinity-purified
anti-UbcH10 MAbs (F001, F007, and F008). UbcH10 staining
was stronger in cancer tissues than in corresponding adjacent
non-cancerous tissues, and expression of UbcH10 was de-
tected mostly in the cytoplasm and occasionally in nuclei (Fig.
4). This suggested that UbcH10 expression is up-regulated in
HCC tissues compared to adjacent non-cancerous tissues.
Moreover, the purified antibodies can recognize the UbcH10
protein with high activity and specificity, and serve as a good
tool for further research on the biological functions related to
UbcH10.

Discussion and Conclusion

In our research, we first developed monoclonal antibodies
against UbcH10 using the recombinant expression protein as
antigen. The subsequent series assay showed that our devel-

oped monoclonal antibodies were suited to indirect ELISA,
Western blot, immunofluorescence, and immunohistochemi-
cal detection in clinical oncology.

UbcH10 regulates and controls the cell cycle(22) and takes
part in initiation, progression, and transformation.(23) To date
there is a very little research on the function of UbcH10, partly
due to the unavailability of the perfect anti-UbcH10 mono-
clonal antibody. Therefore, the developed monoclonal anti-
body is not only a basic tool for further research on the
function of the UbcH10 but especially for early diagnosis of
cancer. More and more studies on tumor genesis and devel-
opment demonstrate that the members of the APC directly
participate in regulating and controlling cell cycle.(21,22)

UbcH10 is a member of the anaphase promoting complex or
cyclosome (APC/C) and it not only regulates and controls the
cell cycle,(22) but also takes part in initiation, progression, and
transformation(23) and significantly increases expression in

FIG. 4. Immunohistochemical analysis of three different positive clones with HCC tissues, · 200 (UbcH10-positive staining
was brown and mostly located in nucleolus and occasionally in nuclei). (A) HCC tissues staining with F001 (1) and corre-
sponding non-cancerous liver tissues staining with F001 (2). (B) HCC tissues staining with F007 (1) and corresponding non-
cancerous liver tissues staining with F007 (2). (C) HCC tissues staining with F008 (1) and corresponding non-cancerous liver
tissues staining with F001 (2). (D) Negative control, · 400 (non-immunized mouse serum replaced primary antibody as
control).
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HCC and other tumor tissues. So detection of the expression
of UbcH10 might be a useful indicator in the prognosis of
cancer patients, and it could be a potential cancer biomarker.

Our immunohistochemistry results from 10 pairs of clinical
samples showed that UbcH10 has a higher expression in HCC
tissues than in normal liver tissues, which is consistent with a
previous report by Ieta and associates.(14) To date there have
been commercial antibody products of UbcH10, but they were
mostly polyclonal antibodies. It also proved that the devel-
oped monoclonal antibodies can work dependably compared
with merchandized polyclonal antibodies.(24)

In conclusion, highly specific and sensitive monoclonal
antibodies against UbcH10 were produced for the potential
application of clinical cancer pathological detection as a new
diagnostic agent for cancer. They could also be a useful tool in
the exploration of the function of UbcH10 in tumor genesis
and development and the mechanism of the pathogenesis and
progression of cancer cells.
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