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Abstract. Ubiquitin-like with PHD and ring-finger domain 1 
(UHRF1) binds to methylated promoters of a number of 
tumor-suppressor genes, including p16INK4A and p14ARF, by 
forming complexes with DNA methyltransferases and HDAC1, 
resulting in the induction of carcinogenesis. Altered UHRF1 
expression has been demonstrated in various types of cancers. 
Previous reports indicate that UHRF1 expression is regulated 
by E2F-1 expression. We investigated UHRF1 expression using 
immunohistochemical staining in 231 colorectal cancer and 40 
adenoma specimens, analyzed the relationship between UHRF1 
expression and clinicopathological findings and the association 
between UHRF1 and E2F-1 expression. To better understand 
the biological function of UHRF1 in colorectal cancer, knock-
down of UHRF1 expression was performed using siRNA 
methods. High UHRF1 expression was observed in 152 of 231 
(65.8%) colorectal cancer patients, and was detected in 35 of 
40 adenoma specimens samples (87.5%). UHRF1 staining was 
detected in the nucleus of cancer cells, while it was not detected 
in colonic normal mucosa. High UHRF1 expression was 
significantly observed in right compared with left hemicolon 
cancer (P=0.008). Moreover, high UHRF1 expression tended 
to be associated with depth of invasion (P=0.051). UHRF1 
expression was significantly associated with E2F-1 expression 
(P<0.0001). Knockdown of UHRF1 expression suppressed 
cellular growth in colon cancer cell lines, HCT116 and SW620. 
In conclusion, we demonstrated that UHRF1 expression was 
upregulated in approximately two-thirds of colorectal cancer 
specimens and was particularly expressed in right compared 

with left hemicolon cancer. Moreover, knockdown of UHRF1 
expression induced growth inhibition in colon cancer cell lines. 
UHRF1 may be involved in cellular proliferation and molecular 
pathogenesis of colorectal cancer in the right hemicolon.

Introduction

Recently, molecular-targeted drugs including bevacizumab (1), 
cetuximab (2) and panitumumab (3) have attracted increased 
attention for improvement of survival outcome following 
conventional chemotherapy in refractory colorectal cancer. A 
number of patients receiving chemotherapy gain the additional 
benefit of conversion therapy when the chemotherapeutic 
effect is observed remarkably in refractory colorectal cancer 
patients. However, 40-50% of patients who receive chemo-
therapy may experience adverse events. Regarding anti-EGFR 
antibodies, the efficacy is limited to colorectal patients with 
K-ras wild-type (4). Therefore, the development of predictive 
markers for efficacy of chemotherapy and novel molecular 
targets are required for colorectal cancer treatment.

It has been reported that ubiquitin-like with PHD and 
ring-finger domain 1 (UHRF1) expression, also known as 
ICBP90 and Np95, is upregulated in various types of cancers, 
including breast, lung, pancreatic, astrocytomas, cervical 
and bladder cancer (5-12). These common alterations in 
cancer cells imply the biological functions of UHRF1 that 
are associated with rapid cellular progression and DNA 
repair processes (13). In fact, decreasing UHRF1 expression 
suppresses cellular proliferation by inhibiting G1-S transition 
(7,14,15). Thus, UHRF1 is considered to play an essential role 
in cellular proliferation.

UHRF1 plays a pivotal role in carcinogenesis via gene 
silencing mechanism. UHRF1 possesses several domains, 
which are associated with DNA methylation and histone meth-
ylation by recognizing hemi-methylated DNA and recruiting 
DNA methyltransferase 1 (DNMT1) (16-20). UHRF1 
co-operates with histone deacetylase 1 (HDAC1) and methyl-
transferase G9a, which methylates histone H3K9, and induces 
heterochromatin formation through these interactions (21). In 
cancer cells, UHRF1 localizes on methylated promoters of a 
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number of tumor-suppressor genes, including p16INK4A, p14ARF 
and BRCA, through complexes with HDAC1 and DNMT1 
(7,21,22). A previous report showed that UHRF1 is involved 
in de novo DNA methyltransferases, DNMT3a and DNMT3b 
(23). Therefore, UHRF1 may recruit these de novo DNA 
methyltransferases to methylated tumor-suppressor promoters 
further suppressing the expression of tumor-suppressor genes, 
resulting in the contribution to carcinogenesis.

Regarding the regulation of UHRF1 expression, E2F-1 
induces the expression of UHRF1 through binding to the 
UHRF1 promoter (6,7,24). Moreover, the tumor-suppressor 
p53 has been revealed to suppress UHRF1 expression through 
the inactivation of E2F-1 (14). Thus, the overexpression of 
UHRF1 in various types of cancers is considered to be associ-
ated with the p53-E2F-1 pathway.

Although enhanced UHRF1 expression has been demon-
strated in various types of cancers, there is no evidence to 
demonstrate the relationship between UHRF1 expression and 
gastrointestinal cancer. In the present study, UHRF1 expres-
sion was evaluated using an immunohistochemical method 
in 231 colorectal cancer cases and 40 colonic adenomas. The 

relationship between UHRF1 expression and clinicopatholog-
ical factors was analyzed. We further examined the correlation 
between UHRF1 and E2F-1 expression.

Materials and methods

Tissue samples. A total of 231 surgical specimens of 
colorectal cancer, obtained from the Fukushima Medical 
University Hospital from January 1990 to March 2007, were 
used for immunohistochemical experiments. The clinical 
characteristics are shown in Table I. The carcinomas at the 
time of the primary tumor resection were staged according to 
the UICC classification. An additional 40 adenoma samples 
were obtained from the Fukushima Medical University 
Hospital from January 2007 to March 2008. This study was 
performed in accordance with the Ethical Guidelines for 
Clinical Research with the approval of the Institutional Ethics 
Committee. Informed consent was obtained from the indi-
viduals included in the study.

Immunohistochemical staining and evaluation of UHRF1 and 
E2F-1 expression. Immunohistochemical staining of UHRF1 
and E2F-1 was performed as previously described (12). Briefly, 
paraffin sections were incubated at 4˚C overnight with mouse 
monoclonal anti-human UHRF1 antibody (BD Transduction 
Laboratories, San Jose, CA, USA) and mouse monoclonal 
anti-E2F-1 antibody (Santa Cruz Biotechnology, Santa Cruz, 
CA) at room temperature for 1 h. These proteins were visual-
ized by EnVision System-HRP (Dako). Immunohistochemical 
evaluations were performed by two investigators (Y.K. and 
K.K.) independently without prior information of the clinico-
pathological features. For the microscopic analysis, at least 
200 cancer cells were examined to determine whether the cells 
were positive for UHRF1 and E2F-1 at high power (x200) after 
screening for the areas with the highest intensity of staining 
at lower power (x40). A high expression was defined when 
positive staining cancer cells were observed in >20% of at 
least 200 cancer cells, and a low expression was defined when 
<20% of at least 200 cancer cells were stained.

Cell culture. Twelve human colon cancer cell lines, Colo 201, 
Colo 205, HCT15, HCT116, LS174T, LS180, LoVo, RKO, 
SW48, SW480, SW620 and SW837, were originally obtained 
from the American Type Culture Collection (Rockville, MD, 
USA). These cells were grown at 37˚C under the presence of 
5% CO2 in the recommended culture media.

Western blotting. Protein lysates were prepared in ice cold 
lysis buffer (50 mM Tris HCl, pH 7.5, 150 mM NaCl, 1% 
Triton X-100, 50 mM NaF, 10 mM sodium pyrophosphate, 
25 mM β-glycerophosphate, protease and phosphatase 
inhibitors). Protein aliquots were separated by Tris-Glycine 
gels, and transferred onto nitrocellulose membranes. The 
protein blots were incubated with a primary antibody for 
1 h at room temperature, and then incubated with a horse-
radish peroxidase-conjugated secondary antibody (Santa 
Cruz Biotechnology) for 30 min at room temperature. Bound 
antibodies were detected by enhanced chemiluminescence 
(ECL) detection reagents (Thermo Fisher Scientific Inc., 
Waltham, MA, USA) and visualized by autoradiography. The 

Table I. Clinicopathological findings of 231 patients with 
colon cancer.

Characteristics n

Gender
  Male 136
  Female   95
Median age (years) 66 (24-89) 
Tumor location
  Right hemicolon   79
  Left hemicolon 152
Tumor differentiation
  Differentiated 201
  Undifferentiated   30
Depth of invasion
  T1     8
  T2   45
  T3 162
  T4   16
Lymph node metastasis
  NX     7
  N0 138
  N1   58
  N2   21
  N3     7
UICC stage
  0     5
  I   36
  II   85
  III   67
  IV   38
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primary antibodies used for the western blot analysis were 
mouse monoclonal anti-UHRF1 antibody (BD Transduction 
Laboratories) and mouse monoclonal anti-β-actin antibody 
(Santa Cruz Biotechnology).

Real-time reverse transcription-PCR (RT-PCR) analysis 
of mRNA expression. Total RNA from cells was harvested 
using TRIzol (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer's instructions. Total RNA (5 µg) was used 
for the synthesis of first-strand cDNA using SuperScript III 
First-strand cDNA Synthesis kit (Invitrogen) following the 
manufacturer's instructions. RT-PCR analysis was performed 
using ABI PRISM 7500 (Applied Biosystems, Foster City, 
CA, USA) with TaqMan probes provided by the manufacturer. 
TaqMan probes of UHRF1 (Hs00273589_m1) and β-actin 
(Hs99999903_m1) were used for RT-PCR analysis. The rela-
tive amount of UHRF1 transcripts was normalized by the 
amount of β-actin transcripts used as the internal control in 
the same sample, and described as the ratio of UHRF1/β-actin.

siRNA experiments. The siRNA oligos (Invitrogen) were 
designed as follows: UHRF1 siRNA, 5'-GCGCAATGTCAA 
GGGTGGCAAGAAT-3'; scrambled siRNA, 5'-GCGTATG 
ACGAGGGTCGAAGACAAT-3'. Each siRNA oligos was 
transfected into colon cancer cells using the RNAiMAX 
reagent (Invitrogen) according to the manufacturer's instruc-
tions. Briefly, cells were resuspended to an appropriate 
concentration (1x105 cells/ml). The cell suspensions (2 ml) 
were dispensed on a 6-well culture plate. Cells were the treated 
with 40 nM UHRF1 siRNA or 40 nM scrambled siRNA, and 
harvested at 48 h after treatment of siRNAs.

Cell counting. Cell counting was performed using a Cell 
Counting kit-8 (Dojindo, Kumamoto, Japan). Approximately 
5,000 cells, which were treated with 40 nM UHRF1 siRNA 
or 40 nM scrambled siRNA, were dispensed onto a well 
of 96-well plate. After 48 h of incubation, the absorbance 
(450 nm) was measured using a microplate spectrophotometer 
(Bio-Rad Laboratories; Benchmark Plus).

Statistical analysis. The statistical analysis of the relationship 
between UHRF1 expression and clinicopathological findings 
was performed using Chi-square test, t-test, or Mann-Whitney 
test. The Chi-square test was performed to evaluate the relation-
ship between UHRF1 and E2F-1 expression. The cell viability 
tests were performed in triplicate. Results are presented as the 
means ± standard deviation. P<0.05 were considered to indi-
cate a statistically significant difference. Statistical analysis 
was performed with Prism 5 software (GraphPad Software, 
Inc., La Jolla, CA, USA).

Results

UHRF1 expression was upregulated in colon cancer. Of 231 
colon cancer cases, high UHRF1 expression was detected in 
152 (65.8%) by immunohistochemical evaluation. UHRF1 
expression was detected in cancer cells, while no expression 
was observed in normal mucosa (Fig. 1A-E). The cellular 
localization of UHRF1 was nuclear. We further examined 
UHRF1 expression in 40 colonic adenomas. UHRF1 expres-
sion was positively detected in 35 out of 40 samples (87.5%) 
(Fig. 1F and G). The analysis of the relationship between 
UHRF1 expression and clinicopathological features is shown 

Figure 1. Expression of UHRF1 and E2F-1 in colonic adenoma and colorectal cancer tissues. Typical staining of UHRF1 expression in colorectal cancer (A-E) 
and colonic adenoma (F and G) and E2F-1 expression (H and I) in colorectal cancer. A and D are conjugated images with tumor and normal mucosa (magnifica-
tion, x40). (B) High UHRF1 expression in cancer tissues (magnification, x200); (C) normal mucosa (magnification, x200); (E) low UHRF1 expression in cancer 
tissues (magnification,x200); (F and G) high UHRF1 expression in colonic adenoma with normal mucosa (magnification, x40, x200, respectively); (H) high 
E2F-1 expression in cancer tissues (magnification, x200); (I) normal mucosa (magnification, x200).
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in Table II. UHRF1 expression was correlated with the 
anatomical location of the tumor. The positive cases of UHRF1 
expression in right hemicolon cancer were significantly more 
frequent than those in left hemicolon cancer (P=0.008). 
Moreover, high UHRF1 expression showed an association with 
depth of invasion (P=0.051). Correlations between UHRF1 
expression and other factors, including gender, age, lymphatic 
invasion, venous invasion, lymph node metastasis or stage, 

were not observed. The 5-year survival outcome did not differ 
between patients with a high UHRF1 expression compared to 
those with low UHRF1 expression (data not shown).

Correlation between UHRF1 and E2F-1 expression. High 
E2F-1 expression was detected immunohistochemically in 99 
(42.9%) colorectal cancer specimens (Fig. 1H and I). When 
the association between UHRF1 and E2F-1 expression was 
analyzed, a statistically significant difference was noted 
(P<0.0001). (Table III).

Knockdown of UHRF1 induces cellular growth inhibition. 
UHRF1 expression was examined by western blotting in 12 
human colon cancer cell lines (Fig. 2A). Of these cell lines, the 
HCT116 and SW620 cells, which express UHRF1 at relatively 
high and low levels respectively, were used for knockdown 
experiments. First, the effect of UHRF1 siRNA was validated. 
The expression level of UHRF1 was significantly decreased by 
UHRF1 siRNA treatment compared with scrambled siRNA at 
both the protein and mRNA levels (Fig. 2B and C). A morpho-
logical change was not observed in all of the knocked-down 
UHRF1 cells. Significant suppression of cellular proliferation 

Table II. Relationship between UHRF1 expression and clinicopathological findings.

 High expression (n=152)  Low expression (n=79)  P-value
 n (%) n (%)

Gender
  Male 84 (61.8) 52 (38.2) 0.12
  Female 68 (71.6) 27 (28.4)
Median age (years) 66.9 (range 33-89)  64.3 (range 24-85)  0.12
Tumor location   0.008
  Right hemicolon 61 (77.2) 18 (22.8)
  Left hemicolon 91 (59.9) 61 (40.1)
Tumor differentiation   0.47
  Differentiated 134 (66.6) 67 (33.4)
  Undifferentiated 18 (60) 12 (40)
Depth of invasion   0.051
  T1 4 (50) 4 (50)
  T2 26 (57.8) 19 (42.2)
  T3 109 (67.3) 53 (32.7)
  T4 13 (81.3) 3 (18.7)
Lymph node metastasis   0.36
  N0 88 (63.8) 50 (36.2)
  N1 41 (70.7) 17 (29.3)
  N2 12 (57.1) 9 (42.9)
  N3 7 (100) 0 (0)
UICC stage   0.45
  0 2 (40) 3 (60)
  I 22 (61.1) 14 (38.9)
  II 57 (67.1) 28 (32.9)
  III 46 (68.7) 21 (31.3)
  IV 25 (65.8) 13 (34.2)

Table III. Relationship between UHRF1 and E2F-1 expression 
in 231 colorectal cancer patients.

 E2F-1
 ------------------------------------------------------------
 High Low

UHRF1
  High 85 67
  Low 14 65

P<0.0001.
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was observed in both HCT116 and SW620 cells treated with 
UHRF1 siRNA compared with scrambled siRNA (P=0.005, 
P=0.02, respectively) (Fig. 3).

Discussion

Previous studies have shown that UHRF1 expression is 
constantly upregulated in proliferating cultured cancer cells 
and various types of cancer (5-12). Therefore, enhanced 
UHRF1 expression in cancer cells is considered to be associ-
ated with cellular proliferation. To the best of our knowledge, 
we demonstrated for the first time that UHRF1 expression was 
upregulated in approximately two-thirds of all colon cancer 

cases. Moreover, increased UHRF1 expression was observed 
in a number of specimens of adenoma, but not in colonic 
normal mucosa. Our findings indicate that UHRF1 expression 
is upregulated at an early stage of colorectal carcinogenesis 
and may be involved in cellular proliferation.

Regarding clinical significance of enhanced UHRF1 
expression in colorectal cancer, the frequency of high UHRF1 
expression in cancer tissue in the right hemicolon was higher 
than that in the left hemicolon. It has been implicated that 
cancer of the right (RCC) and left colon (LCC) has a differing 
prevalence at varying ages, in high- and low-incidence regions, 
as well as in males and in females. There is also a difference 
in clinical presentation, prognosis and possibly in genetic and 
environmental epidemiology (25,26). For examples, RCC is 
more common in females, LCC in males (25), response to 5-fluo-
rouracil treatment is significantly better in RCC (27), nuclear 
β-catenin and p53 are expressed to a greater extent in rectal 
compared with proximal cancer (28), expression of cytoplasmic 
c-erbB2, epidermal growth factor receptor (EGFR), prolifer-
ating cell nuclear antigen (PCNA), and dipeptidylpeptidase IV 
(DPP IV) is higher in RCC compared with LCC (28). Distal 
tumors display a higher frequency of 17p and 18q allelic loss, 
p53 accumulation, c-myc expression and aneuploidy compared 
to proximal tumors (29). Since the expression of UHRF1 was 
especially high in right hemicolon cancer, UHRF1 may be one of 
the factors that determine these features of RCC. Furthermore, 
upregulated UHRF1 tended to be involved with deeper inva-
sion, suggesting that UHRF1 may be involved in malignant 
transformation of colon cancer. Statistical correlations were not 
observed for gender, age, lymph duct invasion, vessel invasion, 
lymph node metastasis and stage in colorectal cancer. Survival 
outcome for each stage had no significance between UHRF1- 
positive and -negative cases. These results suggest that UHRF1 
expression did not directly affect the metastasis and prognosis 

Figure 2. UHRF1 protein expression in 12 colon cancer cell lines and validation of the knockdown effect of the UHRF1 siRNA. (A) UHRF1 protein expression 
was determined by western blotting using total cell lysates prepared from 12 colon cancer cell lines. Thirty micrograms was applied to each gel. β-actin was 
used as the internal control. (B) HCT116 and SW620 cells were transfected with 40 nM UHRF1 siRNA (siRNA-UHRF1) or 40 nM control siRNA (siRNA-
control), and incubated for 48 h. UHRF1 expression was examined by western blotting. β-actin was probed as an internal control. (C) RT-PCR was performed 
for detection of UHRF1 mRNA using the same samples as above. UHRF1 expression levels were normalized by β-actin mRNA expression levels. Columns 
represent an average of 3 independent experiments; Bars, SD.

Figure 3. Effect of the UHRF1 siRNA on cell growth. HCT116 and SW620 
cells were transfected with 40 nM siRNA-UHRF1 or 40 nM siRNA-control, 
and incubated for 48 h. The analysis was performed using Cell Counting 
Kit-8. Statistical analysis was performed using the Student's t-test. Columns 
represent an average of 3 independent experiments; Bars, SD.
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of colon cancer, but UHRF1 may increase the possiblity of 
DNA damages or replication errors, which cause the malignant 
transformation, by promoting speed of cell cycles.

It has been reported that E2F-1 upregulates UHRF1 tran-
scription through binding to E2F-1 binding consensus sequences 
found on the UHRF1 promoter (6,7,24). We then investigated 
the relationship between the expression levels of UHRF1 and 
E2F-1 in clinical cases. Our results showed that the number of 
patients with high UHRF1 and high E2F-1 expression is larger 
than that of others. Therefore, UHRF1 expression was signifi-
cantly associated with E2F-1 expression in colorectal cancer.

UHRF1 plays an essential role in G1/S transition, and 
knockdown of UHRF1 suppresses cellular proliferation (7,14). 
We also demonstrated that knockdown of UHRF1 inhibited 
cellular proliferation in colon cancer cell lines. These facts 
suggest that UHRF1 may be a therapeutic target for colorectal 
cancer patients with high UHRF1 expression. Knockdown of 
E2F-1 has also been reported to decrease UHRF1 expression 
(14). Considering clinical cases, UHRF1 can be considered a 
better therapeutic target of colon cancer than E2F-1 because 
the rate of UHRF1-positive cases in colon cancer was 
higher compared to E2F-1 (65.8 and 42.9%, respectively). 
Furthermore, UHRF1 interacting proteins such as DNMTs 
and HDACs are satisfactory targets of anticancer drugs (13) 
and a combination therapy of an UHRF1 inhibitor with these 
drugs may be more effective.

In conclusion, we found that UHRF1 expression was upreg-
ulated and involved in the cellular proliferation of colorectal 
cancer. Particularly, UHRF1 expression appears to be associated 
with carcinogenesis of the right hemicolon. Based on our novel 
findings, UHRF1 is a therapeutic target for colorectal cancer.
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