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Introduction

Colorectal cancer (CRC) is among the three most com-
mon cancer types worldwide, with an annual incidence 
of over one million new cases. Disease recurrence is 
common, with an overall survival rate of approximately 
65% in high-income and less than 50% in low-income 
countries.1 Successful treatment and subsequent survival 
are based largely on a combination of early detection, 
radical surgery, preoperative radiotherapy (in low rectal 
cancer), and neoadjuvant or adjuvant chemotherapy or 
both. Prognostic evaluation of CRC is difficult, and 
novel prognostic markers are critically needed to aid in 
treatment decisions.

Proteasome inhibitors such as bortezomib have 
emerged as attractive therapeutics for refractory multiple 
myeloma and mantle cell lymphoma, leading the way for 

a new generation of proteasome inhibitors in clinical trials 
with hematologic malignancies and solid tumors.2,3 
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However, occurrence of dose-limiting toxicities and drug 
resistance has turned attention to identifying alternative 
targets that modulate the ubiquitin–proteasome system 
(UPS). More than 40 deubiquitinating enzymes (DUBs), 
including the three proteasome-associated DUBs 
POH1(Rpn11), Usp-14, and UCHL5/Uch37 are involved 
in cancer.3,4 UCHL5 and Usp-14 in particular are tempting 
cancer therapy targets, due in part to their regulation of 
the deubiquitination step prior to proteasomal degradation 
of substrates. UCHL5, a cysteine protease, belongs to the 
family of ubiquitin C-terminal hydrolases. UCHL5 func-
tion is crucial, as UCHL5-knockout mice are embryoni-
cally lethal.5 The Caenorhabditis elegans homolog of 
UCHL5, UBH-4, tissue specifically regulates proteasome 
activity in this species, as well as modulates health and 
lifespan.6 UCHL5 binds to the proteasome via a reversible 
7 and evolutionarily conserved6 association with the 19S 
regulatory particle subunit Admr1/Rpn13, which activates 
its deubiquitinating activity.8–10 UCHL5 also associates 
with the NFRKB subunit of the INO80 chromatin-remod-
eling complex, resulting in DUB inactive UCHL5.11,12

UCHL5 shows ubiquitous expression in the majority of 
normal human tissues with levels ranging from low to high 
expression, and from undetectable to high levels in cancer 
tissues.13 We have shown earlier that in the C. elegans 
intestine, UBH-4 expression is negatively regulated by the 
transcription factor DAF-16/FOXO and that in human 
cancer cell-lines, knockdown of uchl5 by siRNA enhances 
degradation of proteotoxic proteins.6 Study of the role of 
UCHL5 expression in cancer has previously involved 
esophageal squamous cell carcinoma, hepatocellular carci-
noma, and epithelial ovarian cancer, where high UCHL5 
expression, analyzed as low versus high expression, cor-
related with poor survival and increased cancer recur-
rence.14–16 In contrast, we have shown in another study that 
high UCHL5 expression associates with better survival in 
pancreatic ductal adenocarcinoma.17 Here, we have inves-
tigated the possible prognostic role of UCHL5 in CRC.

Materials and methods

Patients

The study cohort comprised 840 successive CRC patients 
surgically treated between 1983 and 2001 at the 
Department of Surgery, Helsinki University Hospital, 
Finland. Follow-up vital-status data came from the 
Finnish Population Register Centre, and cause of death 
for those deceased was provided by Statistics Finland. 
Evaluation of UCHL5 expression was possible in 779 of 
the patient samples. Median age at diagnosis of all 
patients was 66 years, with a median follow-up of 5.1 
years (range 0–25.8 years);18 5-year survival after sur-
gery was 58.9% (95% confidence interval (CI): 
55.0%–62.8%).18

Preparation of tumor tissue microarrays

Formalin-fixed and paraffin-embedded tumor samples 
came from the archives of the Department of Pathology, 
Helsinki University Hospital. Representative tumor 
areas had been marked by an experienced pathologist 
on hematoxylin- and eosin-stained tumor slides. A sem-
iautomatic tissue microarray (TMA) instrument 
(Beecher Instruments, Silver Spring, MD, USA) served 
for acquiring and mounting three 1.0-mm-diameter 
punches from each donor block on the recipient TMA 
blocks.19

Antibodies

Rabbit anti-UCHL5 antibody (HPA005908, dilution 
1:800; Sigma-Aldrich MO, USA) was used for immuno-
histochemical staining. A subset of samples was vali-
dated with two additional anti-UCHL5 antibodies 
(SAB1400553, 1:500; Sigma-Aldrich MO, USA; 
sc-271002, 1:1000; Santa Cruz Biotechnology TX, 
USA).

Immunohistochemistry

TMA blocks were newly cut into 4 µm sections. The slides 
were deparaffinized with xylene and rehydrated with 
decreasing ethanol and distilled water series, followed by 
treatment in a PreTreatment module (Lab Vision Corp., 
Fremont, CA, USA) in Tris-HCl (pH 8.5) buffer for 20 min 
in 98°C for antigen retrieval. The slides were stained with 
Autostainer 480 (Lab Vision Corp.) by the Dako (Glostrup, 
Denmark) REAL EnVision Protection system, Peroxidase/
DAB+, and Rabbit/Mouse. Tissues were incubated with 
primary antibody for 1 h at room temperature.

Sample scoring and imaging

UCHL5 expression was scored according to tumor-stain-
ing intensity as 0 (undetectable staining, negative), 1 
(low staining), 2 (moderate staining), or 3 (strong stain-
ing). To ensure reproducibility and precision, the scoring 
was performed blindly and independently by J.H. and 
L.A. Occasional differences in scoring were discussed 
until consensus. The highest score from the triplicate for 
each sample served for statistical analysis. Representative 
images of all staining intensities were taken at random, 
and their brightness was adjusted similarly for all images 
by the Adobe Photoshop version CS6 (64 bit).

Statistical analysis

The four scoring categories (0–3) of UCHL5 expres-
sion were separated for all statistical analysis. 
Evaluation of the association of UCHL5 expression 
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and clinicopathological parameters was by Fisher’s 
exact test and linear-by-linear association test (with 
Monte Carlo estimation of exact p values). Kaplan–
Meier survival analysis was used to estimate cumula-
tive survival, and the log-rank test was used to detect 
differences between groups. If the overall comparison 
between expression levels of UCHL5 as related to sur-
vival was significant, a post hoc analysis was per-
formed by individually comparing UCHL5 expression 
levels 0–2 to the high expression level 3 one by one. 
The Šidác correction was applied to multiple compari-
sons. CIs (95%) were calculated for 5- and 10-year sur-
vival rates and mean survival times. Cox proportional 
hazards regression models served for uni- and multi-
variate analyses of survival data. The Cox model 
assumption of constant hazard ratios over time was 
tested by including a time-dependent variable for each 
testable variable. In order to fulfill the Cox model 
assumption, hazard ratios of Dukes D class and differ-
entiation status were analyzed in two time periods with 
the time-dependent Cox model. Interactions were con-
sidered, but no significant interaction emerged. A p 
value less than 0.05 was considered significant, and 
two-tailed tests were used. Statistical analysis was per-
formed with IBM SPSS statistical package version 22 

(IBM, New York, NY, USA) and SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Results

Immunostaining of UCHL5 in CRC

UCHL5 immunostaining was reliably evaluated in 779 
(92.7%) of the 840 consecutive patient samples. In the 
tumor tissue, UCHL5 expression was mostly cytoplasmic 
and uniform in intensity (Figure 1). The majority of sam-
ples showed either low (323, 42%) or moderate (291, 
37%) UCHL5 immunoreactivity. Negative and high 
UCHL5 expression was present in 110 (14%) and 55 (7%) 
of the samples. For relative distribution of staining inten-
sities and patient numbers in more detail, see Table 1. 
Normal-appearing cells adjacent to the tumor displayed 
low or negative staining (data not shown). The immu-
nostaining of UCHL5 was validated with two additional 
anti-UCHL5 antibodies in a subset of 70–80 samples, and 
these showed similar staining intensities and patterns 
(data not shown).

Fisher’s exact test was used for tables with two rows and 
linear-by-linear association test for tables with more than 
two rows. Missing data were excluded from the analysis.

Figure 1.  Immunohistochemical staining pattern of UCHL5 in colorectal cancer. Representative images of (a) UCHL5-negative (0), 
(b) low (1), (c) moderate (2), and (d) strongpositive (3) immunoreactivity. Original magnification was 200×.
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Association of UCHL5 expression with 
clinicopathological parameters

The distribution of UCHL5 expression showed no associa-
tion with age, gender, stage, or location (right vs left hemi-
colon, or colon vs rectum; Table 1). However, UCHL5 
expression was associated strongly with differentiation 
status (p = 0.016) and non-mucinous histology (p < 0.001).

Survival analysis

In the overall patient material, no significant difference 
in disease-specific survival (DSS) was associated with 
UCHL5 expression, though patients with high UCHL5 
expression tended to fare better than patients exhibiting 
low-to-moderate expression values (Figure 2). When 
divided by tumor location, this enhanced survival trend 
in rectal cancer patients was pronounced (Supplementary 
Figure 1a and b). Further analysis revealed that high 

Table 1.  Association of UCHL5 expression with clinicopathological parameters.

n (%) UCHL5 expression p value

  0 1 2 3

  110 (14.1) 323 (41.5) 291 (37.4) 55 (7.1)

Age (years)
  <65 48 (14.3) 143 (42.7) 116 (34.6) 28 (8.4) 0.421
  ⩾65 62 (14.0) 180 (40.5) 175 (39.4) 27 (6.1)
Gender
  Male 64 (14.7) 185 (42.4) 156 (35.8) 31 (7.1) 0.776
  Female 46 (13.4) 138 (40.2) 135 (39.4) 24 (7.0)
Dukes stage
  Dukes A 19 (17.1) 53 (47.7) 30 (27.0) 9 (8.1) 0.965
  Dukes B 34 (12.2) 108 (38.8) 115 (41.4) 21 (7.6)
  Dukes C 29 (13.6) 90 (42.3) 79 (37.1) 15 (7.0)
  Dukes D 28 (15.8) 72 (40.7) 67 (37.9) 10 (5.6)
Grade (WHO)
  1 6 (23.1) 9 (34.6) 10 (38.5) 1 (3.8) 0.016
  2 68 (12.7) 220 (41.1) 208 (38.9) 39 (7.3)
  3 23 (12.6) 79 (43.2) 68 (37.2) 13 (7.1)
  4 13 (41.9) 14 (45.2) 3 (9.7) 1 (3.2)
Location
  Colon 53 (13.1) 167 (41.2) 156 (38.5) 29 (7.2) 0.812
  Rectum 57 (15.2) 156 (41.7) 135 (36.1) 26 (7.0)
Side
  Right 33 (15.3) 90 (41.7) 77 (35.6) 16 (7.4) 0.891
  Left 77 (13.7) 233 (41.4) 214 (38.0) 39 (6.9)
Histology
  Non-mucinous 86 (12.4) 287 (41.2) 274 (39.4) 49 (7.0) <0.001
  Mucinous 24 (29.3) 35 (42.7) 17 (20.7) 6 (7.3)
Dukes stage C
  Rectum 17 (16.2) 45 (42.9) 36 (34.3) 7 (6.7) 0.689
  Colon 12 (11.1) 45 (41.7) 43 (39.8) 8 (7.4)

WHO: World Health Organization.

Figure 2.  Patient survival in correlation with UCHL5 tumor 
expression in colorectal cancer. High and UCHL5-negative 
expression associate with a trend toward more favorable 
prognosis in CRC (p = 0.225, overall log-rank test).

http://journals.sagepub.com/doi/suppl/10.1177/1010428317716078
http://journals.sagepub.com/doi/suppl/10.1177/1010428317716078
http://journals.sagepub.com/doi/suppl/10.1177/1010428317716078
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UCHL5 expression associated with considerably 
increased DSS in the subgroup of patients with lymph-
node-positive rectal cancer (Dukes C/stage III; p = 0.012; 
Figure 3). For the total of 81 patients with low or moder-
ate UCHL5 expression the 10-year DSS was 25.8% (95% 
CI: 13.2%–40.3%) and 35.9% (95% CI: 19.0%–53.2%) 
respectively, whereas for the 7 patients with high UCHL5 
expression the 10-year DSS was 100.0% (Table 2). High 
UCHL5 expression differed significantly from low in 
terms of survival (p = 0.0158, log-rank with Šidác correc-
tion), when examined over the whole follow-up period of 
approximately 20 years. A similar survival trend, though 

not statistically significant, emerged in the subgroup of 3 
patients with high UCHL5 expression who had advanced 
rectal cancer (Dukes D/stage IV; Supplementary Figure 
2). In agreement with these results regarding a survival 
benefit of UCHL5, multivariate survival analysis adjusted 
for age, Dukes/stage, and differentiation status showed 
that high UCHL5 expression associated with a lower risk 
of death in all our rectal cancer patients (Supplementary 
Table 1). Additionally, lymph-node-positive rectal cancer 
patients exhibiting negative UCHL5 tumor expression 
had a 10-year DSS of 56.3% (95% CI: 24.1%–79.3%), 
which was considerably higher, though not significantly 
different, than in patients with low or moderate expres-
sion (Figure 3 and Table 2). None of the seven Dukes C 
patients with high UCHL5 expression received preopera-
tive radiotherapy or postoperative cytotherapy. In the 
same subgroup of Dukes C patients, 4 patients out of 36 
with moderate expression, 20 out of 45 with low expres-
sion, and 2 out of 17 with negative UCHL5 expression 
received preoperative radiotherapy. Similarly, postopera-
tive cytotherapy was received by 3 patients with moder-
ate expression, 21 with low expression, and 2 with 
negative UHCL5 expression.

Discussion

We show that the proteasome-associated DUB UCHL5 is 
a novel and promising prognostic marker candidate in 
lymph-node-positive (Dukes C/stage III) rectal cancer. In 
this subgroup, patients with high or undetectable UCHL5 
immunohistochemical tumor expression, when compared 
to patients with low or moderate tumor expression, exhib-
ited markedly increased survival both 5 and 10 years after 
surgery (Figure 3).

Figure 3.  Patient survival in correlation with UCHL5 tumor 
expression in lymph-node-positive rectal cancer. Patients with 
strong UCHL5 (3) or UCHL5-negative (0) immunoreactivity 
exhibit increased survival in lymph-node-positive (Dukes C/
stage III) rectal cancer (p = 0.012, overall log-rank test).

Table 2.  Mean and cumulative 5- and 10-year disease-specific survival percent.

UCHL5 Max 5-year survival (%) 95% CI (%) 10-year survival (%) 95% CI (%) Mean survivala 95% CI (%)

All
  0 63.5 53.1–72.2 56.4 45.7–65.7 13.6 11.6–15.6
  1 55.9 50.1–61.4 50.5 44.6–56.2 14.1 12.8–15.5
  2 58.4 52.2–64.1 52.7 46.4–58.6 14.2 12.8–15.6
  3 73.0 58.6–83.0 66.4 51.5–77.7 17.2 14.2–20.2
Rectum
  0 70.9 56.3–81.4 59.1 43.6–71.6 14.0 11.4–16.7
  1 51.7 43.1–59.5 44.6 36.2–52.7 12.8 10.8–14.7
  2 57.2 47.9–65.4 47.9 38.6–56.6 12.6 10.7–14.5
  3 81.8 58.3–92.8 70.9 45.9–85.9 15.1 11.7–18.6
Rectum; Dukes stage C
  0 84.4 49.3–96.0 56.3 24.1–79.3 13.3 9.2–17.3
  1 42.5 27.3–56.8 25.8 13.2–40.3 7.5 5.1–9.8
  2 47.6 29.0–64.0 35.9 19.0–53.2 6.6 4.6–8.6
  3 100.0 – 100.0 – – –

CI: confidence interval.
aCalculated from all follow-up data (25 years).

http://journals.sagepub.com/doi/suppl/10.1177/1010428317716078
http://journals.sagepub.com/doi/suppl/10.1177/1010428317716078
http://journals.sagepub.com/doi/suppl/10.1177/1010428317716078
http://journals.sagepub.com/doi/suppl/10.1177/1010428317716078
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Only a few reports have described UCHL5 tissue 
expression in relation to cancer-patient survival. High 
UCHL5 expression, as detected by immunohistochemistry 
or western blotting, correlates with poor survival and 
increased cancer recurrence in esophageal squamous cell 
carcinoma, hepatocellular carcinoma, and epithelial ovar-
ian cancer.14–16 One explanation for our contradictory 
results may be the different manner of expression analysis, 
that is, comparison of only high versus low expression, as 
opposed to our method of separately analyzing all four 
scored expression levels. Considering the nonlinear man-
ner in which UCHL5 expression and survival correlate in 
our dataset, a survival benefit could be observed only 
when all four categories of expression levels were kept 
separate. Alternatively, UCHL5 may also play different 
roles in cancer, depending on the tissue of origin, which 
would be in line with our earlier finding that the UCHL5 
orthologue UBH-4 regulates proteasome activity in a tis-
sue-specific manner in C. elegans.6

How does UCHL5 expression mediating survival benefit 
in lymph-node-positive rectal cancer? Of particular interest 
is the fact that high UCHL5 expression and undetectable 
UCHL5 expression each are beneficial for patient survival. 
We have earlier showed that a small reduction in expression 
of the UCHL5 orthologue UBH-4 by RNAi leads to an 
increase in C. elegans lifespan, whereas a stronger knock-
down reduces lifespan and brood size.6 Accordingly, over-
expression of UBH-4 in the intestine reduces the lifespan of 
long-lived daf-2 (insulin/IGF-1 receptor orthologue) 
mutants.6 In addition, we have established that the insulin/
IGF-1 signaling pathway downregulates UBH-4 expression 
specifically in intestinal cells.6 Thus, to maintain normal 
cellular function and survival, the amount of UCHL5 may 
vary specifically by cell- and tissue-type. Studies on human 
histological tissue samples show that UCHL5 expression 
varies among tissues in both cancer and normal-cell envi-
ronments.13 UCHL5 is one of the three proteasome-associ-
ated DUBs required for efficient removal of polyubiquitin 
from proteasomal substrates, leading to substrate degrada-
tion by the proteasome. Downregulation of UCHL5 or its 
orthologue enhances proteasomal activity in C. elegans 
intestinal cells and in human cancer cell lines.6,20 Moreover, 
Usp-14, another proteasome-associated DUB, exerts an 
inhibitory effect on proteasome activity in human cells.21 
One could speculate that a high level of UCHL5 markedly 
inhibits the proteasome, leading to detrimental accumula-
tion of a particular set of proteasomal substrates. Similarly, 
lack of UCHL5 may also prevent degradation of certain 
substrates, which in turn may trigger apoptosis. Recently, 
UCHL5, along with its proteasomal binding partner Rpn13, 
is reported to be involved in maintaining cell-cycle progres-
sion and DNA replication.22 In addition, UCHL5 may assert 
its effect through a proteasome-independent mechanism via 
its other interacting partner NFRKB of the INO80 chroma-
tin-remodeling complex, which inhibits UCHL5.11,12 

Research should focus upon establishing the molecular 
mechanisms of UCHL5 in cancer.

Proteasome inhibitors are successfully used for treat-
ment of multiple myeloma and mantle cell lymphoma, 
albeit severe side effects may occur, related to dose-limiting 
toxicity and drug resistance, especially during cancer 
recurrence.2,23 Thus, attention has turned to other modula-
tors of the UPS, including DUBs, as promising treatment 
targets in cancer.4,24 Pharmacological dual inhibition of 
UCHL5 and Usp-14 induces cytotoxicity, particularly in 
cancer cells, as well as inhibition of tumor growth.3,25,26 
This provides an attractive strategy to overcome resistance 
to conventional proteasome inhibitors.

CRC has a 5-year relative survival of 65% in high-
income countries and below 50% in low-income coun-
tries.1 In Finland, the overall survival rate for colon cancer 
is 62% for both genders and in rectal cancer 64% and 65% 
for men and women, respectively.27 In our material, col-
lected between the years 1983 and 2001 and including 
both colon and rectal tumors, the survival rate was 60% for 
men and 57% for women. In the United States, the 5-year 
survival for rectal cancer is 68%,28 whereas in our dataset 
the survival rates were 61% for men and 56% for women. 
The 5-year survival of Dukes B/stage II CRC patients in 
the United Kingdom (77%)29 correlates closely with the 
survival rate of our patient cohort (78%). The relative 
5-year survival rate for colorectal lymph-node-positive 
cancer (Dukes C/stage III) is 47.7% in the United 
Kingdom,29 compared to approximately 55% in our data-
set. As correct assessment of cancer stage has improved 
over time, and considering that our material is relatively 
old, this could in part explain the difference in survival 
rates in colorectal lymph-node-positive cancer between 
our patients and the UK cohort.

To date, the strongest prognostic factor in CRC is cancer 
stage at diagnosis. Some patients receive adjuvant therapy 
to improve survival and reduce recurrence. Today, this is 
routine for all stage-III patients and provides a 10% abso-
lute increase in 5-year survival, although evidence indi-
cates that the benefit from adjuvant treatment is larger in 
colon than in rectal cancer.30–33 In stage-II disease, the ben-
efit of adjuvant chemotherapy is less obvious, and only 
15% to 20% develop recurrence after surgery in the absence 
of chemotherapy. Interestingly, in our old retrospective 
series, none of the patients with rectal lymph-node-positive 
cancer (stage III) and high UCHL5 expression had received 
adjuvant treatment after surgery. This suggests that 
UCHL5-mediated survival benefit is not conveyed via 
improved efficacy of adjuvant treatment. Equally interest-
ing is that none of the patients in this subgroup had received 
neoadjuvant therapy, indicating that the survival benefit of 
UCHL5 is derived from changes in the tumor cells.

Our results show that UCHL5 is of an encouraging 
prognostic value in metastatic rectal cancer. This is espe-
cially noteworthy, as there is a distinct lack of effective 



Arpalahti et al.	 7

prognostic CRC markers, and our observations may thus 
prove to have clinical relevance. Recognizing those 
patients, who would benefit from or not require adjuvant 
therapy, would be advantageous in making pre-treatment 
decisions. However, it should be noted that in our current 
dataset, only 7 patients exhibited high UCHL5 expression 
in lymph-node-positive rectal cancer. In support of our 
finding in stage-III patients, those with advanced rectal 
cancer (Dukes D/stage IV) and high UCHL5 expression 
also displayed similar, though not statistically significant, 
improved survival (Supplementary Figure 2). A total of 40 
patients had a survival benefit due to either negative or 
high UCHL5 expression in combination with Dukes C/
stage III or Dukes D/stage IV rectal cancer. The survival 
benefit from UCHL5 needs to be validated in other CRC 
patient cohorts, and the prognostic potential of UCHL5 
should also be investigated for other types of gastrointesti-
nal cancer. In support of a UCHL5-mediated survival ben-
efit, our concurrent study in pancreatic ductal 
adenocarcinoma has demonstrated that high UCHL5 
expression associates with increased patient survival also 
in this cancer type.17

In conclusion, we have linked the prognostic signifi-
cance of UCHL5 tumor expression in CRC both to tumor 
location and cancer stage. We propose that UCHL5 is a 
promising novel prognostic marker in lymph-node-posi-
tive rectal cancer. Our findings may also impact the 
development of new treatment therapies targeting the 
UPS.
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